
APRIL 1976 35p 

Australia SA1 .20 
Belgium Fr. 61.50 
Canada $1.50 
Denmark Kr. 11.00 
Finland Fmk. 6.20 
Germany Dm. 4.50 
Greece Dr.45 00 
Holland Df I.4.50 
Italy L.900 
Malaysia MS3.25 
New Zealand $NS1 .20 
Norway Kr. 10.00incl. moms 
Portugal Esc. 40.00 
South Atrica R. 1.10 
Spain Pias 80.00 
Sweden Kr. 6.90 ie I. moms 
U.S.A. 51 50 

www.americanradiohistory.com

www.americanradiohistory.com


GßX c 
E edc 9 

sa 
`xh37MaV 

It's 
e9na m 

always been 
or modulation me ers. 
It 

. 
s 1 is - am/fm is - am s 

Modulation meter expertise has always meant mil --ever 
since we were the only manufacturer. So, if you are in the 
market for deviation or modulation meters, you could save 
yourself time and trouble by considering the mi range 
first ... anything from lowest priced automatic to 
sophisticated, low noise, high performance instruments. 
TF 2303 Compact and lightweight, this manual model is still 
preferred by many engineers for mobile -adio testing on the 
bench or in the field. FM deviation and AM depth at carrier 
frequencies up to 520 MHz. 
TF 2304 A low priced automatic with higi performance. 
Automatic tuning and level setting with exceptionally good 
r.f. screening. Eight peak deviation ranges from 1.5 to 150 kHz 
and a.m. ranges at carrier frequencies from 18 to 1000 MHz. 
TF 2300B A high -grade instrument with exceptional low 
noise performance, TF 2300B is often used as a standard for 
lower grade types. As a multipurpose instrument it can 
measure peak deviations up to 500 kHz (at modulating 

frequencies up to 200 kHz) for carrier frequencies up to 
1200 MHz. Applications include tests on mono and stereo 
broadcast transmitters, mobile radio type approval and 
f.m. a.m. production testing. Crystal oscillator TK 2302 
plugs into TF 2300B for extra low noise testing. 
TF 2300BM series: A series of specials (e.g. for measuring 
a.m. on f.m.). 
TF 230IA Fully programmable, for use in automatic test 
systems. Special peak detector designed to follow rapidly 
increasing or decreasing modulation depths. Deviation ranges 
1.5 to 500 kHz and a.m. at carrier frequencies 4 to 1000 MHz. 
Accessories A range of accessories specially designed to 
make your job easier includes a signal sniffer, power 
attenuators, termination unit, r.f. fuse unit and carrying 
cases. 
Ask for the latest information from the experts who have 
been in the business for over 30 years. 

m1: THE MODULATION EXPERTS 
MARCONI INSTRUMENTS LIMITED 

Longacres St. Albans Hertfordshire AL4 OJN England Telephone: St. Albans 59292 Telex: 23350 
A GEC -Marconi Electronics company. WW-00I FOR FURTHER DETAILS 
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LOW COST TESTERS 

INSULATION TESTER 

LEVELL 
PORTABLE INSTRUMENTS 

TRANSISTOR TESTER 

A logarithmic scale covering 6 decades is used to display 
either insulation resistance or leakage current at a fixed 
stabilised test voltage. The current available is limited to a 

maximum value of 3mA for safety and capacitors are 
automatically discharged when the instrument is switched 
off or to the CAL condition. The instrument operates from a 

9V internal battery. 

RESISTANCE RANGES 
10M to 10T 0 (10' 3 0) at 250V, 500V, 750V and 1kV. 

1M 0 to 1T 0 at 25V, 50V and 100V. 

100k 0 to 100G O at 2.5V, 5V and 10V. 

10k 0 to 10G O at 1V. 

Accuracy ±15% +800 0 on 6 decade logarithmic scale. 

Accuracy of test voltages ±3% ±50mV at scale centre. 

Fall of test voltages < 2% at 10µA and < 20% at 100µA. 

Short circuit current between 500µA and 3mA. 

CURRENT RANGE 
100pA to 100µA on 6 decade logarithmic scale. 

Accuracy of current measurement ±15% of indicated value. 

Input voltage drop is approximately 20mV at 100pA, 200mV 

at 100nA and 400mV at 100µA. 
Maximum safe continuous overload is 50mA. 

MEASUREMENT TIME 
< 3s for resistance on all ranges relative to CAL position. 
<10s for resistance of 10G O across 1 on 50V to 500V. 

Discharge time to 1% is 0.1s per µF on CAL position. 

RECORDER OUTPUT 
1V per decade ±2% with zero output at scale centre. 

Maximum output ±3V. Output resistance 1 k O. 

type 
TM14 £9 8 

Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current gains are 
checked from 1 to 100mA. Breakdown voltages up to 
100V are measured at 10µA, 100µA and 1 mA. Collector to 
emitter saturation voltage is measured at 1 mA, 10mA, 30mA 
and 100mA for IC /IB ratios of 10 20, 30. The instrument is 

powered by a 9V battery. 

TRANSISTOR RANGES (PNP OR NPN) 
I C B O I E B O: 10nA,100nA, 1 µA, 10µA and 1000A f.s.d. 

acc. ±2 %f.s.d. ±1% at voltages of 2V, 5V, 
10V, 20V, 30V, 40V, 50V, 60V. 80V, 100V, 
120V, and 150V ace. ±3 %±100mV up to 
10µA with fall at 100µA < 5 % +250mV. 

10V or 100V f.s.d. acc ±2 %f.s.d, ±1 %at 
currents of 10µA, 100µA and i mA ±20%. 

10nA, 100nA, 1 µA ... 10mA f.s.d. acc. ±2% 
f.s.d. ±1% at fixed I E of 1 µA, 10µA, 100µA, 
1 mA, 10mA, 30mA, and 100mA acc. ±1%. 

3 inverse scales of 2000 to 100, 400 to 30 and 
100 to 10 convert I B into h F E readings. 

1V f.s.d. acc. ±20mV measured at conditions 
on h F E test. 

1V f.s.d. acc. ±20mV at collector currents of 
1 mA, 10mA, 30mA and 100mA with I C/I B 

selected at 10, 20 or 30 acc. ±20 %. 

DIODE ft ZENER DIODE RANGES 

BVCBO 

VBE: 

VCE(sat) 

I D R 

VZ: 

VDF: 

As I 
E B O transistor ranges. 

Breakdown ranges as BVC Bo for transistors. 

1V f.s.d. acc. ±20mV at I DE of 1 µA, 10µA, 
100µA, 1 mA, 10mA, 30mA and 100mA. 

type 
TM12 £95 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 

4iTel : 01-449 5028/440 8686 

Prices include batteries and U.K. delivery, V.A.T. extra. 
Optional extras are leather cases and mains power units. 
Send for data covering our range of portable instruments. 

WW -031 FOR FURTHER DETAILS 
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It is now 2 years since we 
published this tuner design in 
the Wireless World. Since 
then it has been admired, sold 
across the world, built by 
countless people, talked 
about and copied, but this is 
still the best F.M. Tuner 
available. 

Now further improved by the original designers: 

tit Updated circuitry gives full 88 -108 MHz tuning, and reduced hum 
level. 

* New fibreglass P.C.B., fully anotated, drilled and tinned. 
* Coil now supplied fully assembled and aligned, leaving NO adjustments 

after building, for the same price! 
* Illustrated booklet gives full description and assembly instructions for 

50p, refundable on purchase. 
* New REDUCED prices now INCLUDE U.K. postage and packing. 
* Assembled modules now competitive with kits from other sources 

(Compare our prices!) 
* Credit facilities now available via BARCLAYCARD AND ACCESS. Just 

quote your card number when ordering. 
* New illustrated leaflet available, drop us a post card. 

KITS 
Kl All main board 

MAIN BOARD K1-4 
KIT £23.30 
BUILT £25.30 

resistors, including tuning pot 
£5.32 

K2 All main board capacitors £1.98 
K3 Main board transistors and diodes £3.00 
K4 Main P.C.B. i.c's, filter coil and front end £13.00 
K5 Stereo board resistors £0.76 
K6 Stereo board capacitors £1.05 
K7 Stereo P.C.B. i.c. and transistors £3.55 
K8 4 way function switches £4.59 
K9a 6 way channel selector, inc cermet pots, P.C.B. 

£12.75 
K10 Power supply, including transformer and P C.B. 

£5.50 
K11 Full metalwork set, front panel, cabinet, plugs 

mains lead, wire, etc. £25.60 
K12 Frequency meter and drive components for K9a 

£10.22 

.1% 
I we Orne Fen FULL TUNER KIT £85.00 

COMPLETED TUNER £92.50 

STEREO BOARD K5 -7 
KIT £5.36 
BUILT £6.36 

SEPARATE ITEMS (Inc. in kits) 

P.C.B. for main board £1.95 
P.C.B. for stereo £0.95 
P.C.B. for selector £0.95 
P.C.B. for power supply £0.95 
MC1310 or equiv. £1.95 
TBA750B £1.55 
SL301B £1.10 
-SL3046 £0.85 
TBA625C (reg) & heat sk. £1.15 
LP1 186 front end £5.95 
Filter SFG 10.7 MA £1.55 
Coil. (assembled & adjusted) £0.50 
Ten turn tuning pot £3.00 
Front panel £1.75 
Teak cabinet £7.75 
Meter (scaled 105 or 108 MHz) £8.85 
Scale only (state which) £0.30 

ALL ORDERS ACKNOWLEDGED -- EX STOCK DELIVERY 
PLEASE ADD 25% VAT TO ALL ORDERS 

All kits guaranteed to work or free repair' 

znc;órt 
33 Restrop View 
Purton, WILTS 
SN5 9DG 
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THE `MISTRAL' 1 

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 £11.57 
Inc. P &P + £0.93 VAT 

THE `MISTRAL' 2 DIGITAL 

ALARM CLOCK 
WITH SLEEP-OVER FEATURE 

Soft Green Display 
24 Hour Alarm 
10 Minute Repetition 

Alarm Set Indicator 
Accurate Silent Timekeeping 
British Designed and Built 

COMPLETE PRICE £14.35 
Inc. P &P + £" .15 VAT 

1419 - ADVANCED 

SPECIFICATION 
14 digit LED display 
10 -digit mantissa with sign and 

" 2idrgd exponent with s gn for 

data entry or results 

O Automatic selectror, of correct 
notation for result display iscren- 
frhe or floating pond 
Dome keyboard for excellent 
response and preventing double 
entry Input 

BASIC FUNCTION 1+ - x - I 

AND MEMORY 
Algebraic mode operalmn 
Constant operations 
Repeat operations 
Chain operations 
Change sign operation 

Display and Y- register exchange. 
able 

One accumulating memory 
exchange- 

able 
an te Display d memory x hange- 

able 
SPECIAL FUNCTION 

Trrgononetnc functions (sin 
cos tan) 
Inverse trrgonometnc functions 
(sin cos tan g 
Hyperbolic func, ons (smh cosh 
tanne 
I eserse.hyperbolrc functions 
(smh cosh tanh l 

Radian or degree selectable 
e convent 
Logarithms On log) 
An, -logarithms le' Irl' 
Power tuncl ion (y' I 

Reciprocal 1 rl 

PRICE £25.89 
P &P 75p + VAT £2.1 3 

1420 SENIOR 

14'drga LED drupr,ry 
' 10drgn mantissa with sign and 

2'drgd exponent with sign for 
data entry Or results 
1 1 0 "-10"") 
Automatic selection of correct 
notation for result display Iscien 
tncc or floating point) 
Dome keyboard for excellent 
response and preventing double 
entry input 
Algebrarc mode operation 
Chain operations 
Change sign operation 
Three memories 
Display and memory exchange- 
able 
Tr gonomelnc functions Isla 

r s tan) 
sett gonomebm functions 

cos ') 
+,Lilian or degree selectable 

onstant 
rgarrthm5 (In. log) 

Amr-loganthms (e 10) 
Combinatorial functions int. Ill 
Inlr) 
Normal distribution function 
Pr 
Gamma function Ir lal I 

Group operations (12 0 x. 
) 

Group controls (K. K.. 
CL..sr ) 

Power function (y') 
Reciprocal (1/ xi 
Square root 

1 y x) 
Square U'1 
Sum of squares IT x'1 
Summation (_'X) 
Item count (n) 
Mean value (XI 
Mixed chain operations with 
parentheses approach (up to two 
levels) 

PRICE £55.63 
P &P 75p + VAT £4.51 

1421 - PROGRAMMABLE 

BESIDES HAVING THE 
CAPABILITY OF A SCIENTIFIC 
CALCULATOR 

9'dtgd LED display 
B digits capacity for data entry or 
results (10 - 10 ") 
Full floating point 
Automatic display blanking 
Three.regrster operational slack 
Change sign operation 
Reverse polish notation 
Display and Y.regrster exchange. 

able 
Oea accumulating memory IMe 
mory store. Memory recall M + 

x M - x and M + X1 
tgonometrrc functions ism 

rs tan) 
verse -trigonometric functions 

cos an 1 

-(adrans and degrees exchange - 

iile 
constant 
rganthms (In log) 

Anndoganthms l ) 
Power function (y) 
Reciprocal (1/ al 
Square root 

1 \ x) 
Square ¡X) 

T CAN LOAD ANY 102 STEPS 
PROGRAM TO HELP YOU SOLVE 
THE REPEATED. ENORMOUS. 
COMPLEX PROBLEMS 

The Qualtlron Programmable 
Calculator can be used to memorize 
any combination of key entries 
while In the LOAD mode. then 
automatically plays back the pro, 
grammed sequences as often as 
desired on the RUN mode 

Up to 102 steps can be stored in 
multiprogram sequence blocks 
Each block or program can be 
executed mdtvrdually or you can 

the decision to branch 
á 

specific program. run each In series 
nr perform Intermediate calcula- 
tions from the keyboard 

PRICE £40.80 
P&P 75p + VAT £3.32 

Buy it with Act,. 

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

Company 

b`T1jEDH PRODUCTS LTU 
IMP HOUSE, ASHFORD ROAD 
ASHFORD, MIDDX. TW15 1XB 
telephone ASHFORD 44211 (4 lines) 

telex 936291 WESSIMP ASHFORD 
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Viewer's 
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The new DymarType 2085. An AFpower meter that 
let's you see what you're doing. 

With a mirror -backed 11 cm meter -that's nearly 4V in. -you are never in doubt 
about the reading. Its the same with the control settings. Man -sized knobs, 

click stops and clear markings make this AF power meter a joy to drive. 

Under the bonnet, of course, there's performance to match appearance. 
Like: 
Frequency range: 30 Hz to 30 kHz. 

Power ranges: Twelve from 150 ENV to 50 W (yes, fifty Watts). 

Impedance ranges: 39 values,1.2 ohms to 1000 ohms. 
Plus all the little extras that come as standard with Dymar. 
A temperature compensated 'square law' detector for true power reading on the 

sensibly linear meter scale. 
And the battery power option.A simple module which provides integral battery and 

charger for laboratory standard measurements anywhere. 
Measure AF power, AF gain loss or signal to noise, or match source impedances. 
Whichever way you use the Dymar Type 2085 the answers come out crystal clear. 

On a panel that's meant to be looked at. Not simply admired. 

The Type 2085. Designed and made in Britain by Dymar. Write or call for details, 

or use the Reader Reply Service. 

DYMAR 
the name in radiotelephone s 
Dymar Electronics Limited, 

Instruments Division, Colonial Way, Radlett Road, Watford, Herts. WD2 4LA, England. 
Telephone: Watford 37321.Teiex: 923035. Cables: Dymar Watford. 

WW - 068 FOR FURTHER DETAILS 
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¡Collect wireless world Circards: 
And build a valuable dossier on 
circuit design. 

Wire 

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 th P 
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. 

,..a,rES 

wireless world ()I'd 

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 - IÍ. 
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., IPL Business Press Ltd., Room 11 

Dorset House, Stamford Street, London SEI 9LU 
Please send me set no(s) 

@ £2.00 each E* 
@ £18.00 * 

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. Registered address, Dorset House 
Stamford Street, SEl 9LU, England. Registered Number 677128 
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Model X25 Point 
Near -perfect insulation 
Breakdown voltage 1500 A.C. 
Leakage current 3 -5 uA 

Point 2 
Top -efficiency in heat 
transfer. 
Element slides inside the 
soldering hit 
25 watts but equivalent in 
heat capacity to 60 watts 

Point 3 
Highgrade phenolic handle 
(own moulding!) 
Stainless steel shaft 
-3 core 0.4 mm flexible lead. 

Point 4 
Iron -coated bits that do 
not stick to the shaft but 
slide on and off easily. 
3 tip sizes 2.4, 3.2 and 4.7 mm. 

Point5 
Price with standard (3.2 mm) bit 
£2.99 (0-22) 
Spare elements £1.47 
Spare bits £0.47 incl. VAT 

Point 6 
A well balanced tool - 
ength 22 cm, weight 50 gr. 

Gèt to 
the point 

quickly- 
with ANTEX 

Solderin g Irons 
For dual -in -line de- soldering 

the model X.25' can be fitted with special 
bits 14A and 14B. 

For other de- soldering jobs, we can supply 
our models ESS and GSS de- soldering irons 

working on compressed air !or with a footpump). 
Our catalogue gives further particulars. 

Please send the 
ANTEX colour catalogue. 

F rom radio or electrical dealers, car accessory shops or in case of difficulty direct from: 
ANTEX LTD. FREEPOST, PLYMOUTH PL1 1BR (no stamp required) Tel. 0752 67377. 

7 

The Antex Range 
AI pry If' ' 1L,dr'VAT PM) u-1 biaeke t. 

MODEL C -15 watt miniature soldering iron 
Bits slide on and off stainless steel shaft. 
Elementsfitted inside steel shaft for efficient 
heat transfer. Length 16 cm. Complete iron 
with 2.3 mm. iron -coated bit £2.99 (0.22) 
Spare elements £1.20 Spare bits £0.35 
(nickel) £0.45 (iron -coated). 

MODEL G- 18 watt miniature soldering iron 
Looks exactly like model C, but because of 
the extra 3 watts should be kept going all 
day on repairs or production. Stainless steel 
shaft - fitted with standard iron-coated 
bit 2.3 mm. £3.21 (0.22) Spare elements 
£1.69 Spare bits 2.3, 3 or 4.7 mm. £0.45. 

MODEL CCN - 15 watt miniature soldering 
iron 
Unique - ceramic shaft - no measurable 
leakage - capacitance 30 pf. Tested at 2000 
volts A.C. Length 16 cm. Complete with 
standard iron -coated bit 2.3 mm. £3.21 
(0.22) . 4 other sl de -on and-off bits available 
from £0.45 Spare elements £1.69 . Suitable 
for the most delicate soldering job imagin- able._ 
MODEL X.50 T.C. -. 50 watt temperature 
controlled soldering iron 
Leakage current negligible - Temperature 
controlled to 2 °C either way. Ceramic shaft 
inside stainless steel shaft. Tested at 2000 
volts A.C. Complete with 3 mm. iron -coated 
bit £10.5510.271 Normally set at 370 °C 
Length 20 cm. Weight 50 gr. 

MODEL SK.1 - SOLDERING KIT 
Fitted with model C miniature iron (see 
above). 2 spare bits 2.3 and f 4 mm., 

soLDE0 heat 
sink, 

Ireel of 
so 
Plastic 

lder. 

base serves as 
stand. Booklet "How 

to Solder" gives useful tips 
for beginners. Price £4.62 (0.42) 

MODEL MLX -12 volt- 25 watt Soldering 
iron with 

mtrs. lead and 
crocodile clips 

4. 
Useful for repairs 

: _ on motor cars, 
boats, model 

-4 trains, etc. Can = 
be worked off 

car- type battery. 
Complete with 3.2 mm. bit 

£3.53 (0.30) Two other bits available 2.4 
and 4.7 mm. £0.47 each. Packed in a plastic 
wallet with guide "How to Solder ". 

STAND S.T.3 
High grade insulation 
material, chromium 
plated steel spring. 
Suitable for 
all our models. 
Replaceable 
sponges, 
space for spare bits. 
Complete £1.21 (0.24) 

I enclose cheque /P.O. /Cash 
(Giro No. 258 1000) 

NAME 

ADDRESS 
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FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Basic error 
Sensitivity 
Response 
Width of each channel 
Chart speeds, selected by 

push buttons 

Made in USSR 

Type H3020-1 
Single pen 

2.5% 

8mA F.S.D. 

0.2 sec. 

80mm 

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

Chart drive 200 -250v 50Hz 

Type H3020 -3 
Three -pen 

Recording: 

Equipment: 

Dimensions: 

Available for immediate delivery 

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

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

H320 -1: 285x384x 16.5mm 

H320 -3: 475x384x 16.5mm 

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

Exclusive of VAT 

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

Tel. 01 -727 5641 Telex: 261306 

WW -066 FOR FURTHER DETAILS 

EF3 -04 Low Pass 
Cut -off frequency variable from 0 1 Hz to 100kHz 

EF3 -03 High Pass 
Cut -off frequency variable from 0 1 Hz to 100kHz 

EF3 -02 Low Pass 
Cut -off frequency varabie from 0 01 Hz to 10kHz 

EF3 -01 High Pass 
Cut -off frequency variable from 0 01 Hz to 10kHz 

BARB & STROUD MODULAR 
FILTERING 

Now FOUR Modules- 
and more to come! 
The introduction of our EF3 Electronic Filter 
System was a breakthrough in electronic filtering, 
a System with options and interchangeability. 

Now we introduce two additional modules to 
extend the scope and versatility of the EF3. To 
appreciate fully the technical and economic 
merits of the EF3 System you ought to have our 
detailed literature which we will be pleased to 
send. Continuing development of the EF3 System 
means that we will be announcing yet more 
modules in the near future. 

Send now for full details to : 

EF3 Basic Main Frame 
WW-065 FOR FURTHER DETAILS 

Glasgow and London 

Barr & Stroud Limited, 
1 Pall Mall East, London SW1Y 5AU. 
Tel : 01 -930 1 541 Telex : 261877 
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A NEW DIMENSION 
IN SOLDERING 

Iso-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 Iso -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-02S FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

THE MODERN WAY TO MEASURE TEMPERATURE 
A Thermometer designed to operate -as an Electronic Test Meter. Will 

measure temperature of Air, Metals, Liquids, Machinery, etc., etc. 

Just plug -in the Probe, and read the temperature on the large open 

scale meter. Supplied with carrying case, Probe and internal 11/2 

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

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 -023 FOR FURTHER DETAILS 
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Join the Digital 
Revolution 

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

Each of the 6 volumes of this self -instruction course measures 
113/4" x 83/4" and contains 60 pages packed with information, 
diagrams and questions designed to lead you step -by -step 
through number systems and Booleari algebra, to memories, 
counters and simple arithmetic circuits, and on to a complete 
understanding of the design and operation of calculators and 
computers. 

£5.95 
plus 50p 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 arithmetic. 

In 4 volumes: 

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

Carry Out Logical Func- 
tions 

4. Flipflops and Registers 

£3.95 
plus 50p P. & P. 

Offer Order both courses for 
the bargain price E9.25, plus 
50p P. & P. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

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

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 £6.45 each. 
p & p included 

or set(s) of Digital Computer Logic and Electronics aLE4.45 each. 
p & p included 

or combined set(s) at r_9 75 each. p & p included 

Name 

Address 

1 

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

WW4 
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"They 
wantsafety 
isolation 
for their 
voice band 
circuits" 

One more request item. We met it with a neat little 
transformer. Now, in two versions, it joins the list of useful 
Whiteley products,and everyone involved in communications 
system design will be interested in the protection they provide. 
Inserted in voice band circuits, they effectively isolate 
equipment from the hazards of adjacent high voltage 
power circuits on the 'line' side. High isolation level 
between line and equipment windings gives protection 
against voltage surges, lightning strikes and fault condit- 
ions. One version is designed for 17Hz signalling circuits, 
the other with several voltage ratios also suits a 50Hz 
ringing circuit. All are Post Office and C.E.G.B. approved, 
and the second version is also approved with extra 
protection diodes added. Requests for data sheets 
welcome. Or if you want to request a product spec of 
your own - we're always interested! 

Surprising how often you'll find 

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

WW-061 FOR FURTHER DETAILS 
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PROFESSIONAL 
TAPE TRANSPORTS 
and multi -channel electronics 
for studio and industrial use 

Finance 
available 

Type 19 Ilk. 25mm model 

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

2 and 4 speed models 
* Reel Capacity up to 29cm 
* 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 

HEPWORTH 
ELECTRONICS 

Worcester Road, Kidderminster 
Tel. 0562 2212 or 3 

for 

Quick, Clean, Low Cost, No Waste 
Breadboarding: 

THE S K 10 Socket 

or its little brother the SK50 
Socket. SK50 Costs £6.95, the 
SK10 Costs £12.07. 
VAT and Postage extra or from London and South 
East Distributors 

ASPEN ELECTRONICS 
18A High Street, Northwood, Middlesex 

Tel. 27688 
WW 035 FOR FURTHER DETAILS 
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Way out in front! 
A great new line of RF- heating triodes from THOMSON -CSF: 

Output power from 100 to 800 kW. 

Superior PYROBLOC ̀  grids and HYPERVAPOTRONQ' anode cooling - the latest word 

in power -grid tube technology. 
Specially designed for industrial thermal treatment and built using rugged metal /ceramic 

technology. 
Get the latest advance in the power -grid tube state of the a'rt from the RF- heating leader: 

THOMSON -CSF ! 

Contact us today. 

11-10M SON - CSF 
THOMSON -CSF ELECTRONIC TUBES LTD 

RING WAY HOUSE / BELL ROAD / DANESHILL 

BASINGSTOKE RG 24 00G 
TEL.: (0256) 29155 / TELEX : 858865 

WW -090 FOR FURTHER DETAILS 
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LITTLE WONDER...THE MINITEST IS PREFERRED 
The SEI MINITEST has made a remarkable 

impact in the pocket -sized multi -range meter 
market, by making itself a firm favourite with 
discerning people in the industry. 

First, the appearance. Diminutive, neat, wipe - 
clean plastic cover with pressed steel case. 

Controls are simple and easy to use. 
Second, the range. The Minitest measures a. c. 

Edgecumbe (Peebles) Limited, 
Main Street, 
Bothwell, 
Scotland. 

and d.c. voltages d.c. current and resistance over 
20 ranges to a sensitivity of 20,000 and 2,000 ohms 
per volt d.c. and a. c. respectively. 

Third, High Voltage Probes. Will extend the 
range to 25kV or 30kV d.c. Ideal for T.V. sets and 
similar electronic equipment where source 
impedance is high. Little wonder the Minitest is 
preferred! 

Havant Instruments Ltd, 
Instrument House, 
2A Waterloo Road, 
Havant, Hampshire. 

I.T.T. Electronic Sery ices 
S.T. C. Ltd. 
Edinburgh Way, 
Harlow, Essex CM20 2DF. 

A J. Electrics, 
64 -66 Crossgates Road, 
Leeds 15 . 

SALFORD ELECTRICAL INSTRUMENTS LIFTED 
Peel Works, Barton Lane, Eccles, Manchester M30 OHL 
Telephone: 061 -789 5081. Telex: 667711 

WW - 057 FOR FURTHER DETAILS 

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 

Flatform Relay AZ 535 
for reliable insulation between 
signal and heavy duty circuits. 
1changeover. 
Contact material Silver cadmium 
oxide, or fine silver. 
Printed circuit mounting 
132.5s20x11mml. 
Cod voltages: 6 to 110 V DC. 
Contact rating 
240 V max. , 3 A max., 500 VA 

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

ZETTLER UK 
Zettler 

Brember Road, Harrow_ , Middx. HA2 8AS 
Tel. (01) 4220061 

A member of the worldwide ZETTLER electrical engineering group, est. 1877 

isz1/4 

WW -006 FOR FURTHER DETAILS 

A member company of GEC Electncal Compon.r. 

DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35, 40 

TermiNet 30, 300 & 1 200 (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 

* Spar6s, 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 
RAHNO Tring "" 

Telex 82362 
A/B Batelcom Tring 

WW -009 FOR FURTHER DETAILS 
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Complete the coupon and 
w11 send you 

our complete, new catalogue. 

The new Heathkit catalogue 
is now out. Full as ever with exciting, 
new models. To make building a 
Heathkit even more interesting and 
satisfying. 

And, naturally, being Heathkit, every kit is absolutely 
complete. Right down to the last nut and bolt. So you won't 
find yourself embarrassingly short of a vital component 
on a Saturday evening -when the shops are shut. 

You'll also get a very easy to understand instruction 
manual that takes you step by step through the assembly. 

Clip the coupon now (enclosing a 10p stamp for postage) 
and we'll send you your copy to browse through. 

With the world's largest range of electronic kits to 
choose from, there really is something for everyone. 

aar 
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Including our full range of test 
equipment, amateur radio gear, hi -fi 
equipment and many general 
interest kits. 

So, when you receive your 
catalogue you should have hours of pleasant reading. 

And, if you happen to be in London or Gloucester, call 
in and see us. The London Heathkit Centre is at 233 
"Tottenham Court Road.The Gloucester showroom is next 
to our factory in Bristol Road. 

At either one you'll be able to see for yourself the 
one thing the catalogue can't show you. 

Namely, how well a completed Heathkit performs. 
Heath (Gloucester) Limited, Dept. W/W -46 Bristol Road, 
Gloucester.GL2 61.:E. Tel: Gloucester (0452) 29451. 

Digital electronic stop watch AM /FM 60 watt r.m.s. stereo receiver Digital rev counter 

r-- 
I 

L 

FREE 
SOLDERING IRON 

WORTH 

x.3.50 

The new Heathkit catalogue.Out now. FREE. 
To: Heath (Gloucester) Limited, Dept.WW -46, Gloucester, GL2 6EE. 
Please send me my Heathkit catalogue. I enclose a 10p stamp for postage. 

Name Address 
Postcode 

Full details in the catalogue. Offer available for limited period only. 
with all orders over £30 

HEATH 

Schlumberger 

1 

--J 
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ANADEX CF-700 

1 GHz COUNTER 
FOR £475 

ANAOEX 

Features include:- 
* 1 GHz count rate with 1 Hz resolution 
* 30mv sensitivity with high overload capa- 
bilVty 

* 8 digit 'SPERRY' display 

Also: Model CF -710 giving 0.001 Hz resolution up to 
10k Hz aspen electronics limited 

18a HIGH STREET, NORTHWOOD, MIDDX 
HA61BN 

TELEPHONE NORTHWOOD 27688 

WW -034 FOR FURTHER DETAILS 

GRO OVAC 

i 
vacuum record cleaner 
Vacuum cleaning is the best way to remove dust, 
especially fine dust. Now with the Groovac, 
vacuum cleaning is available for extracting the 
particles from inside record grooves which are 
responsible for record and stylus wear - while 
your record is playing. 

For full details please write to. - 
mazr 

A ¡ 7 T Kerntcka Road. Penryn 

([, U 1 Cornwall TR 10 9DQ. England 
Telephone: Penryn 72753 

WW -049 FOR FURTHER DETAILS 

Wireless World, April 1976 

RADFORD 

HIGH SENSITIVITY 
AUDIO VOLTMETERS 

AND NOISEMETERS 

Fouir 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 10}íV 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 (HSV 1) become an Audio Noisemeter 
(ANM1) by the inclusion of frequency contouring networks having 
characteristics recommended by international organisations 
concerned with specifications and measurement standards as 
being suitable for the quantitative measurement of the subjective 
effect of noise in audio systems. The HSV 1 and ANM 1 

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 chan recorder or d.c. digital voltmeter. 

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

Brief Specification: 

Frequency response as Voltmeter 4Hz to 500kHz ± 0.5dB 
Input impedance 1M ohm shunted by 30pF 
Attenuator accuracy: 0.25% 
Meter scale linearity: 1%. Typically better than 0.5% 
Waveform error in true r.m.s. instruments: 1% for crest factor 10 

'Noisemeter included weighting characteristics: Wide band (flat 
response as voltmeter), DIN. 'Audio Band', IEC /DIN. Curve 'A', 
and CCIR. 

Size:: 111/4" x 7'/4" x 81/2" deep overall 

HSV1 Audio Voltmeter. Average reading £125.00 
HSV2 Audio Voltmeter. True r.m.s. reading £175.00 
ANM1 Audio Noisemeter. Average reading . £150.00 
ANM2 Audio Noisemeter. True r.m.s. reading £200.00 

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' 

RADFORD LABORATORY INSTRUMENTS LTD. 
Ashton Vale Road, Bristol, BS3 2HZ. Telephone 0272 

662301 

WW -069 FOR FURTHER DETAILS 
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EXCLUSIVE WORLDBEATING DIGITAL ALARM 
CLOCK KIT* 

15 , , ew 

/'° sa , 
ALARM4 

* Or Ready Built & Tested £21.50 

CWO, PULSE ELECTRONICS, DEPT. WWII, 202 
SHEFFORD, BEDS. 
S.A.E. for complete price list 

NON -ALARM £14 INC. VAT, ETC. 

1 
TEAK Case 70p extra 

Built -in Alarm 
Photo cell con- 
trolled brightness 
AM /PM Indicator 
Giant 0.5" LED 
Display 
12/ 24 hr. mode 

SHEFFORD RD., CLIFTON, 

Mains failure ind. 

Tilt Snooze Sw. 

Separate alarm 
Control Sw. 

9 min. Snooze 

No knowledge of 
electronics to 
build kit 

ELECTRONORGTECH N ICA 

Carbon film 
RESISTORS 

1/8 and 1/4w 70°C 5% tol. E.1 2 

EX-STOCK 

£4.00 PER 1,000 
OF ONE VALUE 

Contact John Gingell 

z&I 

PLUS 
V.A.T. 

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

WW-059 FOR FURTHER DETAILS 

1- 10,000 for same 
day shipment 

Prices from 49p 100 rate 
Military grade - 

ask for NATO conversion list 

Custom design specials - 
7-10 days for samples 

15 years experience 
Equivalents to most European 
& U.S. type available 

Erç Cormar1gnfs Telephone : 0582 -62241 

Luton Road, Dunstab e,Bedfordshire,LU5 4LJ England. 

WW-062 FOR FURTHER DETAILS 

Telford 
oscilloscope 

cameras 

Type A modular system with widest 

range of film backs, lenses, viewing 

systems and adaptors to meet virtually 

all requirements. 

Plus inexpensive Type P (prices from (50) 
utilising coaterless Polaroid ® film and 

'Robot with economical 35mm film for 
continuous feed. J 

More complete details available on request from: ®Reg. Trade Mark. 

Telford PRODUCTS LTD. 
WADSWORTH ROAD PERIVALE GREENFORD MIDDX. ENGLAND Toisphone:01.99e1011 Tsox:935524 

/.{.(-LL- A MEMBER COMPANY OF BEMYM INDOSTRES La..TEo 

WW -012 FOR FURTHER DETAILS 
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THE WORLD'S 
LOWEST COST 

FIBRE OPTIC 
RECORDE R 

Introduced to meet the demand for a simple, high 
quality, FOR for those who do not require full recording 
oscilloscope capabilities; the FOR -7 has a rectangular 
CRT which provides strip chart, X -Y plot and single 
frame recording on low cost paper. 

WIDEBAND BRILLIANCE MODULATION 
-for video imaging with good grey scale 

HIGH FREQUENCY DEFLECTION AMPLIFIERS 
-for trace recording with faithful transient response 
VARIABLE SENSITIVITY AND POLARITY REVERSAL 
-for easy interfacing with displays and systems 

BENCH, RACK OR BUILD -IN VERSIONS 
-for general purpose laboratory or OEM applications 

For further information or a demonstration of the FOR -7 
or any other Medelec unit please contact: 
MEDELEC LIMITED . Woking . Surrey GU22 9JU 
Tel: Woking (048 62) 70331 Telegrams: Medelec Woking 

Froh te headers i- 
Fibre Optic Recordng 
medelec 

WW 008 FOR FURTHER DETAILS 

TAKE A CLOSE LOOK 

at a professional recorder that offers high performance, 
excellent reliability and is very easy to maintain. Ask 
yourself why so many commercial radio stations and 
recording studios are doing their best to wear them out, 
and not having much success. Decide if you need mono 
or stereo, console transportable or rack mounting versions 
and then inquire about prices. 
We are sure you will be very pleasantly surprised. 

LEEVERS -RICH EQUIPMENT LTD. 
INC. BIAS ELECTRONICS 

319 TRINITY RD., LONDON, SW18 3SL 01 -874 9054 

WW -052 FOR FURTHER DETAILS 

servos 
synchronous 

steppers 
dc motors 

gearboxes and 
control systems 
Stockists for ¡mPEX Motors moInan 

McLENNAN ENGINEERING LIMITED 
Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8 

WW -04l FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

Diameter 33mm 
Weight 160g 
Length 125mm 
Torque 120cmg 
RPM 
approx. 10,000 
at 12V DC 
Power9 /14V DC 
Batteries 
or AC /DC 
transformer 

PETITE PRECISION! 
_A 12V DC POWER TOOL FOR THE DESIGN AND RESEARCH ENGINEER 

AVAILABLE IN KIT FORM OR SEPARATES 
EXAMPLE OF FRENCH PRECISION ENGINEERING 

NEW IMPROVED MARK II £8.00 P&P 35p 

Flexible drive. 
£5.00 
P &P 25p 
Now in use by the following: 
GPO, BBC, Atomic Energy 
Authority, British Nuclear 
Fuels, Weekend TV, Ministry 
of Defence, Hospitals, 
Opticians, etc. 

17 

Stan_ d ti 1. it; 
P &P 35p 

UK DISTRIBUTOR 

PRECISION PETITE LTD 
119A HIGH STREET 

TEDDINGTON, MIDDX. UK 
TEL 01 -977 0878 

SAE for leaflets, price list and order form 

Bridge in a thousand 

WAYNE KERR 
For more information phone Bognor (02433) 2581 1 , or write to, 

Wayne Kerr, Durban Rd.. Bognor Regis, Sussex P022 9RL 

One part in one thousand is the accuracy 
of Universal Bridge B224 from 10 ohms 
to 1 gigohm,0.1pF to 10 microfarads and 
1 nanomhoto 100 millimhos. Monitor its 

1592Hz source frequency and also get 
0.1% from 1mH to 10kH.With reducing 
accuracy,coverage extends above and 

below the ranges quoted, on R, C, G and L. 

Resistive and reactive terms read simul- 
taneously. Sockets for 200Hz- 50kHz 
operation. Internal rechargeable battery. 
Many other valuable features detailed in 

Data Sheet B224. 

WW-011 FOR FURTHER DETAILS 

P.B. Electronics (Scotland) Ltd., 
57 High Street, Saffron Walden, Essex. 
Tel: Saffron Walden (0799) 22876. 

FREE SUPER SOLDER BOARD WITH EVERY DEC 

BUILD CIRCUITS EASILY PUSH COMPONENT -IN 
NO SOLDERING 

Designing circuits is easy with DeCs, just plug in your components. Each 
DeC breadboard is complete with step -by -step instructions. When circuit 
is designed, take components out and use them again OR plug components 
into SUPER SOLDER BOARDS for a perfect, finished P.C.B. 

E TO P. B. Electronics (Scotland) Ltd., 57 High Street, Saffron Walden 
Essex. Please find enclosed P.C. /Cheque value £ 

S -DeCs + Free Super Solder Board £1 .80 

T -DeCs + Free Super Solder Board £3.87 

U -DeCA + Free Super Solder Board £4.31 

FULL POSTAL ADDRESS 

t Includes 
J postage + VAT. 

Allow 21 -28 da s. delivery. 
WW-077 FOR FURTHER DETAILS 
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sound equipment 
by (grampia) 

GRAMPIAN REPRODUCERS LTD. HANWORTH TRADING ESTATE FELTHAM MIDDLESEX TELEPHONE 01 -894 9141 
X209 

WW -027 FOR FURTHER DETAILS 

nombrex 

MODEL 40 
WIDE RANGE AUDIO GENERATOR 

£42.49 + VAT 

* 4 RANGES, 10Hz -100 KHz. 

* SINE AND SQUARE WAVE OUTPUT. 

* DUAL CALIBRATED ATTENUATOR. 

* STABILIZED OUTPUT LEVEL 1 V. 

Trade and Export enquiries welcome 
Send for full technical leaflets 
Post and packing El .00 extra 

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET 
NEWTON ABBOT, DEVON T012 1NE 

Tel. Newton Abbot 68297 

WW -021 FOR FURTHER DETAILS 

QUARTZ 

CRYSTALS 

-FAST! 

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

WW -039 FOR FURTHER DETAILS 

Your choice of 
Live Sockets _ 

Instantly! 
Lever DIS -BOARD gives you up to 6 

, ,ckets from one power outlet. Portable 
u permanent fixing, compact units. with 

safety neon. Over 1,000 socket 
combinations available trom stock. All 
types of fittings and finishes 

Brociure from 
LEXOR DIS -BOARDS LIMITED 
Allesley Old Road, Coventry 
Telephone 72614 or 72207 

f i 

I 

l 

ppo 

.111.10°- 

eoQ 

7 Q Óx 
461.--f,,, 

y' i / 
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In a range of multimeters with pointers 
whats the point of one without 

19 

The point is that for some applications, a digital indi- 
cator makes a lot of sense.That's why AVO makes the 
the Digital Avometer DA 114. It offers you a choice of 
DC, AC and resistance ranges at high accuracy. High input 
impedance, comprehensive built -in calibration check 
facilities, two versions -one for mains operation, the 
other with built -in rechargeable battery and mains 
operation. 

It offers you the best of the traditional AVO 

features - reliability, ruggedness, range, repairability, 
readability and, perhaps above all, AVO accuracy. Plus 
the best of the new generation multimeters. 

As you can imagine, our designers took a long hard 
look at digitals before they produced a Digital 
Avometer. For instance, they realized that the displays 
on some digital meters could be a positive nuisance in 

many applications. After all, you don't always need 
accuracy to the 'nth degree -so where you'd normally 
just glance at an analogue pointer you could find 
yourself screwing your eyes up at a diminutive and 

faintly glowing digital. A few hours of that and the 
average engineer would be begging for the return of 
his old analogue meter. 

That's why we gave the DA 114 numerals big and 
bright enough to read across a room. And it's the 
reason that AVO, while producing one of the few 
'serious' digital multimeters, still produces what is 

probably the widest range of analogue multimeters 
for the electronics engineer. 

The AVO range for Electronics Engineers includes 
Model 8 Mk 5, Model 72, and the high impedance 
models EM 272 and EA 113. 

For full details of the range, contact 
your distributor or write to: 

AVO Limited, Archcliffe Road, Dover, 
Kent CT/7 9EN.Telephone: Dover 
(0304) 202620. Telex: 96283 

Thorn Measurement Control and Automation Division 

ww -102 FOR FURTHER DETAILS 
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SHEET METAL 
PUNCHES 

FOR QUICK CLEAN HOLES 

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

Simple operation 100% British 

Burr -free holes - no jagged edges 

57 Metric and Linear sizes (Lists on application) 

Used all over the world by: Government 
services - Atomic, Military, Naval, Air, G.P.O. 
and Ministry of Works; Radio, Motor and 
Industrial manufacturers, Plumbing and Sheet 
Metal Trades, Garages, etc. 

Obtainable from leading tool factors 
Wholesale & Export enquiries to: 

"QMAX" ( ELECTRONICS) LTD 
44 PENTON STREET. LONDON N190A TeI:01.2782500 
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Wireless World, April 1976 

TPA SERIES -D 
integrated tircuit 
power amplifier 

TPA 50 - D Specification 
Power Output 

Freq Response 

Total harmonic 
distortion 
Input sensitivity 
Noise 

Rise time 
Price 

100V Line (C.T.) 
For full technical 

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 
OdBm 
-100d B 

2 u seconds 

£77 plus V.A.T. 
and balanced inputs available. 
information contact: 

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

WW-025 FOR FURTHER DETAILS 

Dst Equipnient 
Añthineteis 
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 equipmen 

NAME 

ADDRESS 

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

IL 
WW -029 FOR FURTHER DETAILS 

ww 
.1 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

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 

TYPE 1001M 

£670 1 .2 GHz 
Sensitivity 10mV. Stability 5 parts 10.'t' 

301M 32MHz 5 Digit £78 401 32MHz 6 Digit £121 

501 32MHz 8 Digit £178 701A 80MHz 8 Digit £195 
801A /M 300MHz 8 Digit £305 901M 520MHz 8 Digit £3.75 
8018 /M 250MHz 8 Digit £262 1001M 1.2GHz 8 Digit £670 

Start /Stop versions plus £12 Memory versions available if not 

suffixed M £25 extra 
Type 101 1MHz 100KHz Crystal Standard £80 

Type 103 Off /Air Standard £78 
SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Dept., Crystal 

Manufacturers and Electronic Laboratories world -wide 

R.C.S. ELECTRONICS 
NATIONAL WORKS, BATH ROAD 
HOUNSLOW, MIDDX. TW4 7EE 

Telephone: 01 -572 0933/4 

WW-095 FOR FURTHER DETAILS 
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The 
new 
Rank 

WOW & FL.UTTER Meter 
Type 

1742 

f1 
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' BSA847: 1972 DIN 45507 

CCIR 409 -2 Specifications 
Type 1742 'B' BS 1988: 1953 Rank Ralee 

Specifications 

For further information please address your enquiry ro 

Mrs B. Nodwell 
Rank Film Equipment, PO Box 70 

Great West Road, Brent ford 
Middlesex TWO 9HR 

Tel: 01.5689222. Telex 24408. Cables Rankaudio Brentlord 

WW-056 FOR FURTHER DETAILS 
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2 x 30 Volts 2 amps 
variable protection 

level 

remote sense fully 
protected against 
misconnection 

twin meters monitor 
voltage or current 

wt 5.5 kg 

72 x 30 volts 1 amp 

fixed high 8 low 
protection levels 

1100mA and 1 amp 

twin meters for 

voltage or current :., n:i 

STABILISED TWIN POWER 
SUPPLIES TO 30V AT 2 AMP 

LINSTEAD 
MANUFACTURING CO. LTD. 

ROSLYN ROAD LONDON N15 5JB 

01 - 802 5144 
MA¡N AGEN rS 

IRELAND: LENNOX LTD.. P.O. BOX 212A, DUBLIN 2 DENMARK: 
SCANFYSIK AB, 13/15 HJOFIRINGADE DK -2100, COPENHAGEN 
SWEDEN: EMI SVENSKA AB TRITONVAGEN 17, FACK S -171 19 

SOLNA 1 NORWAY: EMI NORSK AS POSTBOKS 42, KORSVOLL. 

OSLO 8 MALAYSIA: LEC So'In Bhd, P.O. BOX 60. BATU -PAHAT 
SOUTH AFRICA: PROTEA (PTY) 38 FARADAY STREET 
JOHANNESBURG 
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AEL 3030 
The AEL 3030 is a compact, fully solid -state 150 watt 
PEP output Transmitter -Receiver covering 2.16 MHz on 
4 or 6 channels. 
Rugged construction for today's tough environments. 
Easily accessible for simple maintenance. 
Ten plug -in modules give maximum insurance against 
loss of service. 

The advanced technology used in the AEL 3030 
provides unmatched efficiency in point to point or 
mobile communication, minimises size and cost and 
maximises reliability! 

DESIGNED FOR RELIABILITY 
...,.,,.>... 

Ios par For further information and 
colour brochure write to: 

AE L GATWICK HOUSE 
HORLEY, SURREY, ENGLAND 
TELEPHONE HORLEY (02934) 5353 

Telex 87116 (Aerocon Horley) 
Cables Aerocon. Telex Honey 

WW085 -FOR FURTHER DETAILS 

SOUND INSTALLATIONS 
Design, installation and commissioning of recording and broadcast 
studios, sound reinforcement equipment, theatre communication 
and other systems. 

SOUND EQUIPMENT 
Supply and, where required, manufacture of equipment to 
customers' specifications. 

We also specialise in television, lighting and other systems. 

PHILIP DRAKE ELECTRONICS LTD. 
165 LANCASTER ROAD, NEW BARNET, HERTS. 
Telephone: 01 -445 1144 

WW-080 FOR FURTHER DETAILS 

7'1 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 

SPECIALISTS IN COIL 
AND TRANSFORMER 
WINDING: 

Torroidal: c core: high 
speed high turn bobbin 
winding: chokes and wave 
winding 
any quantity, any rating. 

Send for new catalogue. 

, 
\ 
rrl\ 

4 

Éf' 

. 

I. "" do 

Electronics [ Limited , 

f 

27 STATION ROAD 
BRIMINGTON 
CHESTERFIELD 
DERBYSHIRE, ENGLAND 
TEL: 0246 70297/8/9 
TELEX 54284 
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Sí451 Millivoltmeter 
* 20 ranges also with variable control permitting 

relative frequency response 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than 0.03% 
* an output conforming to RIM recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£50.00 
also available 

Sí452 Distortion Measuring Unit 
easy reading of * low cost distortion measurement down to 0.01 % with comprehen- 

£50.00 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-032 FOR FURTHER DETAILS 

HIGH POWER DC- COUPLED AMPLIFIER 'f * UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC- COUPLED THROUGHOUT 

* OPERATES INTO LOADS AS LOW AS 1 OHM 

* FULLY PROTECTED AGAINST SHORT CCT, 
MISMATCH, ETC. 

* 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in 

Industrial, and Research applications in this country. It is DC- coupled throughout so providing a power 

bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally 

reactive loads while delivering its full power, and maintaining its faithful reproduction of Pulse or complex 

waveforms has established the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended 

amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to 
DC. Below is a brief specification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment please let us know. 

Power Bandwidth DC -20kHz a 150 watts + 1 db, - 0db. Slewing Rate 8 volts per microsecond 

Power at clip point (1 chan) 500 watts rms into 2.5 ohms Load impedance 1 ohm to infinity 
Phase Response +0. - 1 5 DC to 20kHz. 1 watt 80 Input sensitivity 1.75 V for 150 watts into 80 
Harmonic Distortion Below 0.05% DC to 20kHz Input Impedance 10K ohms to 100K ohms 

Intermod. Distortion Below 0.05% 0.01 watt to 150 watts Protection Short. mismatch & open cct. protection 

Damping Factor Greater than 200 DC to 1kHz at 84 Power supply 120 -256V. 50 -400Hz 
Hum & Noise (20- 20kHz) At least 1 10db below 150 watts Dimensions 19" Rackmount, 7" High, 9}" Deep 

Other models in the range: D60- 60 watts per channel D 1 50 - 150 watts per channel 

MACINNES LABORATORIES LTD 
MACINNES HOUSE, CARLTON PARK INDUSTRIAL ESTATE, 

SAXMUNDHAM, SUFFOLK IP17 2Ni. 

TEL (0728) 2262 2615 

WW-086 FOR FURTHER DETAILS 

Drill with 20 tools. 

PB Reliant drill kit 9000 RPM 

drill with 20 assorted tools only 
£9.40 inclus. post + VAT. 

FREE. Super Solder Board with every DeC. 
Building Circuits? IC or Discreet? 
Use DeC Breadboards. No soldering. 
208 Contact points. Step by step 
instructions. Build hundreds of 
circuits. Use components over and 
over again. U -DeC "B" £6.99 inclusive 
of postage and VAT. 

U -DeC "B" with sockets for 
inserting 2 x 16 DIL Packages. 

P.B. Electronics (Scotland) Ltd. All stockists of DeC Breadboards 

57 High Street, Saffron Walden, Essex, CB10 1AA. please note PB are the manufacturers and suppliers, 

Tel: 0799 22876. please send all orders, communications direct. 1* i 
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Alice Broadcasting 
STM6 

£465 
excluding 

VAT 

Six Channel Stereo 
Transmission Mixer 

(ALICE'S BABY) 

INPUTS OUTPUTS 

Microphones Lines 

Lines /Tape /Carts P.A. 

Pick -ups Headphones 

Off Air Recording 

The definitive DJ /OB/ Production Mixer 
Dimensions Can you afford to use anything use? 

20 "x 15 "x41/2" 

Contact Chris Walden on Windsor 51056/7 

ALICE (STANCOIL LTD.), 38 ALEXANDRA ROAD, WINDSOR, BERKS, ENGLAND 

Also available from Roger Squires, London and Manchester 

WW -045 FOR FURTHER DETAILS 

tecicnowledgey in consumer ICs - and their applications. 
SGS Audio ICs 

{si+ ; ' 
likill. 4, 

" 0 - 
'f 

The much heralded TDA2020 is here. And just 

Wc'vc MOTcd 
To accomodate expanded IR & D 
facilities, AMBIT has moved sales 
and administration to 25 High St. 
Brentwood. The existing 37 High 
Street premises are retained for the 
engineering activities. 

One of the first products of this 
move has been the development of 
a TV sound tuner, from an "off 
air" system, using its own varicap 
UHF TV tuner, with ICIF am- 
plifiers and block filters by TOKO. 
And then one of our best ever 
circuits - an electronic touch tuner, 
with scanning mode, and facilities 
for 6 preset stations. The unit is 

suitable for use with FM, and now 
AM of course, and offers a corn- 
plete tuner system without any p y 
moving parts. Selection is by means 
of touch tuning in all cases, with 
manual scan and preset switching 
automatically interlocked. 

Our R &D facilities are available for 
general consultancy to OEMs: further 
details on application. Standard project 
estimation fee, including project evalua- 
tion comment data is £15.00 payable in 
advance. 

Modules & Kits 
New modules: 

8011 Totally touch tuned varicap controller built £14.99. 
8005 Larsholt tunerset accesory unit, with pilot tone filter 

and audio stages, rectifier, IC stabilizer, meter driver 
circuits. £4.99 (kit) 

8001 55kHz low pass filter (mpx birdy filter) £2.35 built 
£1.75 (kit) 

2001 Stereo scratch and rumble filter, with continuously 
variable operating frequencies. £5.80 (built) 
£4.60 (kit) 

3000 Stereo control preamp - a wide dynamic range, low 
distortion AF preamp, with vol, bal, bass and treble 
controls. kit £5.78 

2020k The TDA2020 stereo amp kit photographed on the 
left. £7.85 

7700 TV off air UHF sound tuner built £26.00 
(4 preset stations) 

to make sure that you don't 
SGS application test circuit 
15+ 15 (RMS) Hi Fi amplifier. 

Prices . IC 

go wrong, so is the 
PCB for a stereo 

AUDIO DISCRETES 

ZTX107/8/9 14p 
2TX413(LN) 17p 

ZTX212/3/4 16p 
BD 535 np 7A/60v 52p 
BD536 pnp 53p 
BD377 npni 3A /50v 29p 
BD378 pop 2p 
BD515 npn 2A/45v 27p 
BD516 pnpl 30p 
BD609 npn 10A /90v 70p 
BD610 pnp) 102p 

9000 kit AM /FM mpx tuner chassis, with meth. tuner £17.50 
7004 kit MW /LW varicap tuner module, inc. ferrite rod £9.95 
7252 Hi Fi MOSFET FM tuner module by Larsholt £24.00 
7253 HiFi FET FM tuner module inc decoder £24.00 
5600 Hi Q MOSFET varicap tunerhead by TOKO £11.25 
EC3302 FET tunerhead from TOKO £5.00 
Complete FM Tuner kits, inc case, for use with the above 
modules: details SAE please. Prices range from £40 - £60. 

Amongst our various accessories for entertainment 
electronics is a range of FM tuning, frequency and g B 9 Y 
sig. strength meters with 12v, 50mA bulb. £2.50 ea. 

*4 ie 40104 WOW 

TBA810AS +HS 1.09 
TCA940E +HS 1.80 
TDA2020 2.99 

FM LINEAR ICS 

MC1350 0.70 
CA3089 +QC 1.94 
T8Á120 +QC 1.00 

MPX LINEAR ICS 

MC1310P +LED 2.20 
CA3090AQ +LED 3.75 

ambit international 
25 high street, brentwood 
essex. em14 4rh. tel: (0277) 216029 

tlx: 995194 

Free price list with an SAE, catalogue of modules and parts 
40p., includi ig postage and VAT 
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 include suffi- 
cient for postage. VAT is not included, and must be added 
at 25 %, In stock orders despatched within 48 hours. 
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The International Microphone 

For over 40 years Beyer Dynamic 
microphones and headphones 
have served the needs of prof- 
essional 'Sound Men' throughout 
the world. 
The M500 (Illustrated) is only 
one of a range of microphones 
now serving thousands of users 

who still demand high quality 
performance and reliability. 
Brochure showing the full range 

of microphones, headphones and 
accessories available on request. 

BEYER DYNAMIC (GB) LTD 
1 Clair Road, Haywards Heath, Sussex. Tel: 51003 

WW - 099 FOR FURTHER DETAILS 

When a oe one ¡s needed 

or e old one needs repairing 
Contact the appointed U.K. distributor 
with authorized repair service:- 

FARNELL INTERNATIONAL INSTRUMENTS LTD 
Sandbeck Way, Wetherby 
LS22 4DH 
Te1.0937 3541 or 
01 864 7433 

Full approval toDEF0524 
Repair contracts welcome 

4:1' 00-4-4-..- c=4: 
112 It711IR I)F 1:AII . 

METER PROBLEMS? 

o 

2 

V 

3 

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

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/83 7/7 93 7 
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Add LUSTRE to every 
Performance 

SPECIFICATION 
* Bias Compensation: 

Patented Direct Magnetic 
Dialling System 

* Two l lead shells provided 
with Gold Plated Contacts 

* Offset angle: 210 
* Trucking error angle: 

Less than 1.50 
* Weight range of suitable 

cartridge: 5 -30g 
* Connecting Leads: 

Low Capacity - Phono 
Plug 

* Stylus pressure is by micro 
adjustment graduated 
from 0 -3g 

* Height Adjustment is from 
45 -60mm 

* Overall length: 330mm 
* Effective length: 237mm 
* Overhang: 15mm 

Lustre Pick -up arms have variable Magnetic anti -skating, stylus 
overhang adjustment, lateral balance and height adjustment plus 
an oil damped arm lifter and two plug -in headshells all to add 
Lustre to your HiFi performance. 
The Lustre Pick -up Arm is beautifully finished in satin chrome 
and black to complement the precision engineering employed 
in its manufacture and yet it is (approximately) half the 
recommended price of those few other arms which rival its 
performance. 

HAKUTO 

INTERNATIONAL (U.K.) LTD., 

Haluito Hakuto House, 557/563 Rayleigh Road, Leigh -on -Sea, Essex, SS9 SHP. Telephone (0703) 526622 
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Red &Green LED applied 
Logic Level Indicator 
MODEL 320 
LOGIC PROBE 

* Wrong polarity and overload protectors provided 

* Detection of the peak value of input waveform 

* Open circuit or faulty IC can be detected 

* All logic levels are visible at a glance 

* Powered from circuit'under test 

* Built -in storage circuit 

* Up to 12 MHz 

The CSP200 offers a good 
tough and versatile method of 

housing electronics at a very low cost. 
The case is constructed from moulded 
glass fibre with a detachable aluminium 
front panel & chassis. A choice of colour 
is also available i.e. Grey, Red or Blue. 
Size 103/4" x 51/2" x 5" Available ex- 
stock direct 
from our 
factory SUPER PROFESSIONAL 

Designed for professional use but now also 
offered direct to the amatuer enthusiast, and at a 
fantastically low price. The main feature of the 

cases, are the moulded glass fibre side /handle, this 
being a major safety factor. The cases are all standard 
sizes and are 31/2" high x 111/2" deep. Widths are 

CS101.91 (£5.25), CS102.12" (£6.25), CS103.17" (£7.25) 
which when fitted with brackets B103, fits in 19" G.P.O. 

rack size. All available ex -stock direct from our factory. 
More details on 

request with 
S. 4 P 

J H Associates Ltd 
Sales Office: 52 Silver Street, 
Stansted, Essex. (0279) 814929 

WW -040 FOR FURTHER DETAILS 

Send C.W. O. 
adding 60p carnage 

per case. 
To: All prices + 8% VAT 
Case Systems, 20 Hunt Lane, Chadderton, Lanes. England. 

Trade Enquires welcome 
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Power Resistors 
ex stock to 6 weeks Delivery 

* Low cost 
* Rated up to 210 watts 
* Custom designs are 

our speciality 

.1 Data on our standard ranges is available on request 

Erk Campa[ailts Telephone: 0582 -62241 

Luton Road, Dunstable, Bedfordshire, LUS 4LJ England 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

49/51 Fylde Road Preston 
PR1 2XQ 
Telephone 0772 57560 

reliable high 
performance & 
practical controls. 
individually 
powered modules - 
mains or dc option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size -low 
weight -realistic 
prices. 

I Fylde 
Electronic 
Laboratories 
Limited. 

WW -047 FOR FURTHER DETAILS 
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1,` iJ 
_%°." /_ Add 

SPEEDSERVICE 
Hard -to -find tubes and 

semiconductors are normally 
included in our quotations. 

We try to give a complete answer. 
AEL GATWICK HOUSE HORLEY SURREY RH6 9SU 

Telex 87116 Cables Aerocon Telex Hoeley Telephone Horley 5353 
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digital arithmetic tutor 
Like all it's predecessors, Limrose's Digital 
Arithmetic Tutor is ai extremely versatile 
and low cost computer training aid. It is 

very reliable, portable and comes complete 
with mains cperated powe- supplies for just 

£174 plus VAT. 

For more information, please contact : 

limrose electronics ltd. 
241 -243 Manchester Road, Northwich, CW9 7NE 
Tel . 0606 41696 anc 0606 41697. 

WW-O93 FOR FUR _HER DETAILS 

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 LIMITED x Wenden, Saffron Walden, Essex CB11 41.9 
TEL. Saffron Walden (0799) 40888: TELEX: 817444 
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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 
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., 

QUARTZ- 

! CHRONOMETER 
° `- The range of Electro Systems and Timing 

chronometers is now available in kit 
form. 
Send S.A.E. for full details 

Telephone PENN 4661 (STD code 
049481). 

-. Trade and overseas enquiries welcome. 

PRICES KIT - (ASSEMBLED & TESTED, 

401 -4 (Hours, minutes) 
401 -6 (Hours. minutes, seconds) 
401 -4 -R (As 401-4, with Ni -Cd battery) 
401 -6 -R (As 401 -6, with Ni -Cd battery) 

t..38. 75 
E43.75 
52.50 
£57.50 

i 49 40 
£54.60 
£63.70 
£68 90 

:NO VAT rammed for overseas orders. but add 10% for a pareerpost. 
Add 8% VAT U.K. only; postage and packing included 

OUTSTANDING FEATURES OF THE MODEL 
* One second per month accuracy at 20'C 

3 MHz AT cut quartz crystal used for best 
All versions provide security against timing 
interference and short term mains frequency 
Rechargeable nickel -cadmium battery versions 
protection against outright mains failure, 

* Rugged mechanical design ensures reliability 
* Large, bright and easy to read LED display, 

220/240V mains or external battery operation. 
Weight 0.5kg. Width 1 3cm, depth 5cm, 
No-cost extras include precision engineered 
unit /battery charger 

* 12 -month guarantee for correctly assembled 
Low cost "Get- you -going" service for kits. 

,e All components needed are supplied in kits, 

L 
COMPREHENSIVE INSTRUCTIONS 

401 DIGITAL CHRONOMETER 

possible temperature stability 
inaccuraciés causedby mains -borhe 
variations 

offer not only portability but also 
may be left on charge continuously 

for portable use 
24 hour or 12 hour modes optional 

1 10V version also available 
height 10cm (1 2cm with stand) 

adjustable metal stand and power 

kits and ready -built chronometers. 
if required 
including wire. screws and case 

SUPPLIED WITH KITS 
ro 

AND TIMING CO. 
Wycombe, Bucks., HP13 7BJ 

& tested 401 -4-R assemb. & tested 
& tested 0 401 -6 -R assemb. & tested 

8% VAT) 

. ... 

J 

To ELECTRO SYSTEMS 
48 Robinson Road, Loudwater, High 

ENGLAND 
Please supply 

LI 401-4 kit 401 -4 -R kit 401 -4 assemb. 
401 -6 kit 8 401 -6 -R kit 8 401 -6 assemb. 

(u K residents add 

Name 

Address 

I ENCLOSE CHEQUE /P.O. FOR E 
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JOYSTICKS 

Precise, reliable, long -life Joystick Control Units, in single, dual or 
triple axis forms. Sprung to centre, or held by adjustable friction 
locks. Choice of wirewound, cermet or plastic film potentiometers 
(all standard 3 /er' bush types) - or rotary switches. 

Already in quantity production for remote control, TV games, 
electic wheelchairs, audio control panels, etc., etc. Any quantity' 
from one -off to hundreds per month. Typical one -off prices: Single 
axis £4.50. Dual £6.50. Triple £11.00 + VAT. 

See our ad. in January issue for details of all our products. 

FLIGHT LINK CONTROL LTD. 
Bristow Works, Bristow Road 

Hounslow, Middlesex, 01 -570 4065 

TURNER- 
STEREO POWER AMPLIFIERS 

MODEL A300 /VU 

A range of professional stereo power amplifiers designed and manufactured to a very 
high standard. 
The A Series (Professional Studio Monitor) amplifiers feature dual power supplies to 
maintain full RMS power on both channels. 
The 8 Series (Professional) amplifiers feature single power supplies suitable for most 
music applications. 

STANDARD WITH VU's 
'MODEL A500 250 +250 watts RMS. 4 ohms £380.00 £440.00 
MODEL A300 150+150 watts RMS. 4 ohms £262.50 £322.00 
MODEL 8300 150 watts RMS per channel £210.00 £250.00 
MODEL 8200 100 watts RMS per channel £1 70.00 £210.00. 
The above prices are list and exclusive of VAT. 

Overseas Import Agents are invited to make their final applications for allocation or 
areas for 1976 exports. 

TURNER ELECTRONIC INDUSTRIES LTD. 
175 Uxbridge Road, London W7 3TH 

Tel. 01 -567 8472 
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THE new WORLD OF AUDIO 

1976 INTERNATIONAL AUDIO FESTIVAL & FAIR OLYMPIA LONDON 

1 3th -1 9th September (inclusive) 

There is a whole new deal for exhibitors at the 
1976 Audio Festival & Fair. A new deal designed to ensure 

that participation spells success in every way. 
The formula has been created by a new management 

team comprising people with a real understanding 
of Hi -Fi and people possessing deep experience and 

expertise in staging i \major exhibitions. 

Plans 
for the 
1976 
Audio 
Fair 
include:- 

new - earlier dates 

new - extended trade 
only period 

new -floor plans 

new -'cost structure 

new - Biggest ever 
all -media 
promotion 

plus - 
The backing of 
all the key 
IPC Business 
Press 
publica -ions 

IT'S SOUND SENSE FOR YOUR COMPANY TO BE THERE 

Complete and post the coupon below for more details 

Please send me a brochure with details for intending exhibitors at the 1976 Audio Festival & Fair. 

Name Company 

Address telephone number 

Complete and post to: Audio Festival & Fair, Iliffe Promotions Ltd., 
Dorset House, Stamford Street, London SE1 9LU. 
Tel : 01 -261 8000 

29 
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CRYSLON ELECTRONICS LTD. 

for 

ALL SOUND & COMMUNICATION 
EQUIPMENT 

SOUND MIXERS CUE SYSTEMS 
TALK -BACK ALL ANCILLARY EQUIPMENT 

100 WATT 
POWER 

AMPLIFIER 
FREE STANDING 

OR 
RACK 

MOUNTING 

FULL PROTECTION CIRCUITS 
SEND OR TELEPHONE FOR DETAILS 

CRYSLON ELECTRONIC LTD. 
SYDENHAM INDUSTRIAL ESTATE 

LEAMINGTON SPA, WARWICKSHIRE 
Tel. 37628 

WW - 026 FOR FURTHER DETAILS 
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IS CHILTON'S MIXER THE BEST FOR 
YOUR USE? 

Magnetic tapes ltd make the 10/2 above as well as 
a 16/2 and a 12/4 with all the inherent flexibility 
and quality customarily found in big studio mixers. 
Most of our mixers are constructed to meet the 
varying demands of the customer, perhaps we can 
do one for you. Prices start at £400 for the basic 
10/2 + VAT @8 %. 

MAGNETIC TAPES LTD. 
Chilton Works, Garden Road, Richmond 

Surrey TW9 4NS - 01 -876 7957 

Wireless World, April 1976 

40, 
Haim audio 
the power amplifier 

BE FAIR TO 
Reproduction of 

sound and its acceptability 
is dependent on a combination 
of physical parameters not yet 
fully explored. We believe that 

only a compatible combin- 
ation of specifications will 

enable a system to 

YOUR MUSIC 
reproduce music. We 
have taken care that the 
NAC 12 and NAP 160 pre 
and power amplifier will do 
so faithfully, while accepting 
the output of any pickup 
cartridge and driving 
any loudspeaker. 

Naim Audio Ltd. 11 Salt Lane, Salisbury, Wilts. Tel 10722) 3746 

ww - 022 FOR FURTHER DETAILS 

SUBMINIATURE 

M 
took 

etal Film Resistors k 

* Resistance Range 10Q to 150K52 * Tolerance from ±1% * Nominal Watage 1 70 °C upto5OK52 125mW * Prices from 9.06p each 100 rate * Temperature Coefficients from 5OppM * Size 4.1 mm long 1 8 mm diameter 

Erb C[rnpormIs Telephone: 0582 -62241 
Luton Road, Dunstable, Bedfordshire, LU5 4LJ England. 

WW -063 FOR FURTHER DETAILS 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as in 'W.W.' July '72) 

MOTOROLA MC1310P EX STOCK 
DELIVERY 
SPECIFICATION 

Separation. 40dB 50Hz-15kHz Distortion; 0.3 I/P lever. 560mV rms o/P level. 485mV rms per channel 
Input impedance. 5ok0 Power requirements: 8 -14V at 16mA 

Will drive up to 75mA stereo on. lamp or LED. 
KIT COMPRISES FIBREGLASS PCB 

(Roller tinned), Resistors. LC.. Capacitors, 
Preset Potin & Comprehensive Instructions 
LIGHT EMITTING DIODE 
Suitable as stereo on indicator for above 

ONLY 

£3.98 
RED 

GREEN 

WHY PAY 
MORE? 
post free 
29p 
59p 

MC1310P only £2.15 plus p.p. 10p NOlt- - --- .- --___- __ 

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 
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e 
The new P14 range is designed to meet 
the demand for a UK source of high 
quality, low cost 10mm wound 
components. High quality and low cost 
has been achieved by designing 
specifically for automatic production 
techniques representing a high degree 
of capital investment. 

The range is designed to provide flexible 
winding and tapping arrangements with 
adjustable tuning for IF transformers, 
oscillator coils and RF inductors. 

Weyrad are manufacturers of 
wound components and assemblies 
for the electronics industry. 
Capabilities include bobbin, 
layer, and toroidal winding, 
resin /wave encapsulation, 
moulding, varnish and wax 
impregnation and vacuum filling. 
These manufacturing 
capabilities are backed by 
design and development 
sections which offer industry 
the widest possible service 
and flexibility. 

Type P14 
10mm I.F. coils and 

transformers 

Weyrad (Electronics) Ltd 
Head office 
Lynch Lane Weymouth Dorset 
Telephone (03057) 3801 Telex 41165 

ww-091 FOR FURTHER DETAILS 
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VERSATOWER 
Strumech Engineering Limited 

Coppice Side, BrownhilIs, Walsall, West Midáñds 
Telephone: Brcwnhills 4321 

WW -014 FOR FURTHER DETAILS 

for those 
Who 

appreciate Quuality... 
a complete electronic kit 
The Forgestone 400 

high quality 
colour television receiver 

A really up -to- the -minute kit, 
9 integrated circuits 

Thick film resistor units 

Ready -built and aligned 
IF module 

Glass epoxy printed circuit 
panels 

with all these Plus Features ... 
Fully isolated power supply 
Plugs and sockets for easy 
panél removal 
Each module kit available 
separately 
Full technical construction 
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. 

Telephone: Norwich 810453 (STD 0603) 

MAIL ORDER - Barclaycard & Access accepted 

WW -100 FOR FURTHER DETAILS 
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Vocal maiterof Ceremonies 

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 witlh 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-072 FOR FURTHER DETAILS 
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Mobile radio price fears 
Union for engineers? 

43 Communication theory - 1 by D. A. Bell 
46 Sixty years ago. H.F. predictions 
47 F.M. tuner designs -2 by D. C. Read 
51 Research notes 
52 Letters to the editor 

Phase effects in loudspeakers 
Was Baird fooling the public? 
Current dumping audio amplifier 

56 Time -code receiver clock -3 by A. F. Cross , 

58 April meetings 
59 Electronic systems -3 by W. E. Anderton 
60 Books received 
61 Circuit ideas 

Automatic display brightness control 
Low current source 

64 Wireless World Teletext decoder -6 by J. F. Daniels 
73 Phase shift in loudspeakers by James Moir 
76 Automatic battery switch -off circuit by D. T. Smith 
77 Diode model of the m.o.s.f.e.t. by B. L. Hart 
80 World of amateur radio 
81 Circards 29: analogue multipliers by J. Carruthers, J. H. Evans, 

J. Kinsley & P. Williams. 
83 Television tuner design notes by D. C. Read 
85 New products 
88 Real and imaginary by "Vector" 
129 APPOINTMENTS VACANT 
144 INDEX TO ADVERTISERS 

Price 35p (Back numbers 50p, from Room I1, Dorset House, Stamford Street, London SEI 9LU.) 
Editorial & Advertising offices: Dorset House, Stamford Street. London SEI 9LU. 
Telephones: Editorial 01-261 8620: Advertising 01 -261 8339. 
Telegrams/Telex, Wiworld Bisnespres 25137 London. Cables, "Ethaworld, London SE I." 
Subscription rates: I year: £7.00 UK and overseas ($18.20 USA and Canada). Student rate: I year, £3.50' 
UK and overseas ($9.10 USA and Canada). 
Distribution: 40 Bowling Green Lane, London ECIR ONE. Telephone 01 -837 3636. 
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C IPC Business Press Ltd, 1976 

Front cover shows 120kHz quartz 
crystal, DT -cot, made by the Quartz 
Crystal Division of ITT Components 
Group Europe. 

(Photographer Paul Brierley) 

IN OUR NEXT ISSUE 

Cassette deck. Design for 
a low -noise (s /n 52dB) 
front -loading cassette deck 
which can be built for less 
than £40. 

The "walltenna" - an 
array of metal foil dipoles 
for v.h.f. /f.m. reception, 
designed to be hidden 
beneath the wallpaper of 
your living room. 

Loudspeaker sound qual- 
ity. Little known relation - 
ships between design para- 
meters and what is heard - 
with some new subjective 
data. 

SIXTY -SIXTH YEAR 
OF PUBLICATION 

ibpa ABC 
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Switch to complete protection. 
Switch to EEV. 

A selection from the EEV range. We have 
more than 300 types of duplexer devices 
currently in production. 

The receiver is one of the most important 
components in radar equipment. And one of 
the most delicate. 

Unless the receiver is completely 
protected, sensitivity will be degraded and 
performance adversely affected. 

You can give your receiver the protection 
it needs - by using EEV duplexer devices. 

We can supply high -quality devices for 
all power levels and radar functions.The EEV 
range includes: 

TR tubes. TR limiters ( primed and 
primerless) . Pre -I R tubes. Protector tubes. 

PIN switches. Solid state limiters. 
Balanced duplexers. Mixer receivers. 

RF heads. N lonitor diodes. Noise sources. 
EEV appreciates the importance of 

duplexer devices. They are a major part of 
our total microwave capability. 

Backed by Europe's best research, pro- 
duction and test facilities, we can provide 
devices which exactly meet your needs. 

Whatever you want to protect. try EEV's 
range for size.\\ riteor'phone for duplexer 
device data. Or, even better, tell us your 
precise requirements. 

EEVand M know how. 

ENGLISH ELECTRIC VALVE CO LTD. Chelmsford. Essex. England CM1 2QU Tel: 0245 61777 Telex: 991Ó3.Grams: Er,electico Chelmsford. Sße g 
WW-086 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

Editor. 
TOM IVALL, M.I.E.R.E. 

Deputy Editor. 
PHILIP DARRINGTON 
Phone 01- 261 8435 

Technical Editor. 
GEOFFREY SHORTER, B.Sc. 
Phone 01- 261 8443 

Assistant Editors: 
BILL ANDERTON, B.Sc 
Phone 01 -261 8620 
MIKE SALIN 
Phone 01- 261 8429 

Production: 
D. R. BRAY 

Advertisements 
G. BENTON ROWELL (Manager) 

KEVIN BURNAL 
Phone 01- 261 8515 

O. BAILEY (Classified Advertisements) 
Phone 01- 261 8508 or 01- 261 8423 

JOHN GIBBON (Make -up and copy) 
Phone 01- 261 8353 

IPC Electrical- Electronic Press Ltd 
Publisher: Gordon Henderson 

.110. 

35 

wireless 
world 
Approach to microwave landing 

If your holiday beach last year lay at the end of a journey by air the chances are 
that the last few miles were flown along a narrow radio beam known as ILS - 
instrument landing system. This has become the standard international 
approach aid to airfields, and its performance has been steadily improved to the 
extent that it enables suitably equipped aircraft to be landed in virtually zero, 
visibility. In no other function is the pilot required to put so much trust in the 
accuracy and reliability of electronics. But a new development known as MLS - 
microwave landing system - now holds the attention of the policy makers in the 
International Civil Aviation Organisation. Interest in the possibility of a new 
approach aid developed in the late 1960s when communications engineers 
realised that microwaves, digital computing and advanced cockpit displays 
could be brought together to produce a more accurate and versatile system. 

ICAO produced in 1972 a set of technical requirements, and five countries 
responded: the USA, Britain, France, West Germany and Australia. Their 
proposals are now being studied, and a decision is expected next year. The 
schemes fall into two categories: Doppler and scanning beam. Britain, along with 
two US companies, ITT Gilfillan and Hazeltine, has put forward a Doppler -based 
system (see March 1974 issue, pp. 25 -26) which, supported by the UK 
Government in collaboration with Plessey, has already been successfully 
demonstrated in flight tests at the Royal Aircraft Establishment, Bedford. Two 
other American companies, Texas Instruments and Bendix, pinned their faith on 
the alternative technique. Last year the US Federal Aviation Administration, in a 
controversial decision which was hotly contested by Britain and the two losing 
US companies, chose the scanning -beam system as its proposal to ICAO. The 
reasons given for this decision - there was no airborne experience of 
scanning -beam equipment to the technical standard specified by ICAO available 
for comparison - are not convincing, particularly since the scanning -beam 
system as it stands probably cannot provide the accuracy needed to level the 
aircraft and reduce its rate of sink just before it touches the runway. This, of 
course, is a critical manoeuvre. 

America's choice cannot but influence the ICAO's committee, the All Weather 
Operations Panel, in its deliberations. If it pleads more time for practical 
experiments, the FAA is likely to go ahead anyway and introduce 
scanning -beam MLS into some US airfields which cannot be served by ILS. Such 
a fait accompli may very well capture the majority vote of the ICAO's 
eleven -man AWOP group which will choose one of the five entries as the basis of 
its recommendation for an international standard. 

Apart from the rights and wrongs of the decision, the companies involved 
stand to make money handsomely. Even those firms which backed the losing 
method will have the edge over those which have no experience, because the 
C -band techniques, aerial design; data -processing and many other aspects are 
similar in both systems. This particularly applies to Britain, whose Government 
has spent £3.5 million in developing and demonstrating the so far only workable 
MLS. 

Michael Wilson, 
Technical Editor, Flight International 
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Transistor driver for valve amplifiers 
Design for Williamson and other output stages 

by Seth Berglund 
Lunds University, Sweden 

There are certainly a lot of valve audio 
amplifiers still in use, and many of them 
have an inherent quality of perfor- 
mance that makes it reasonable to give 
them a thorough repair, with or without 
an accompanying modernization. The 
work needed for repair may tend to 
grow, however, since it may not be 
sufficient to replace valves and a few 
electrolytic capacitors. A general 
degradation of components may have 
taken place, and in nearly all instances 
of modernization it should be advanta- 
geous to replace the rectifying valve by 
silicon or maybe selenium rectifiers. So 
there may be some doubt as to what is 
really needed and what is worthwhile. 

For those who are interested in giving 
their valve amplifier a positive moder- 
nization that will result in obvious 
improvements, a description is here 
given of a transistor driving amplifier 
that can replace the voltage amplifying 
stages of many existing power ampli- 
fiers. The Williamson amplifier' has 
been chosen as a typical example for the 
discussion that follows, because it is a 
well -known design. Other amplifier 
designs that have been used for compa- 
rison are those designs by Mullard2 and 
by GEC3. 

The original idea was to design an 
amplifier with a bandwidth sufficiently 
in excess of the output transformer 
bandwidth, so that the only phase shift 
to take account of should be that of the 
transformer. A d.c. amplifier with a 
bandwidth of about 1MHz was thought 
to be sufficient. Direct coupling from 
the input stage to the signal grids of the 
output valves leaves the output trans- 
former as the only cause of phase shift 
at the low frequency end, and the shift 
tends to only 90 °. So there are no 
problems of instability from negative 
feedback at the low frequency end, 
provided that the usual precautions as 
to supply line filtering are taken. 

At the high frequency end of the 
transformer passband there is usually 
one main resonant frequency, often at 
about 100kHz, around which the phase 
shift passes. 90° by a considerable 
amount but does not reach 180 °. It was 
thought therefore that with a band- 
width of at least 1MHz for the driver, 
the normal amount of 20dB frequency - 
independent feedback should be 

Fig. 1. A constant voltage Vg° is in this 
circuit added to a normal cathode bias. 

Fig. 2. Further development of the 
circuit in Fig. 1 by means of a gain 
function A. 

allowable without instability. This was 
found to be the case for several output 
transformers, at least with a resistive 
load. With the Williamson transformer 
and output stage according to the 
original design, an essentially flat 
amplitude- frequency response was 
obtained up to 1MHz, and there was 
some stability margain. 

If a loudspeaker or some load of a 
complex nature is inserted, the phase 
shift tends to become too large, and the 
only way to stability is then to reduce 
the closed -loop gain. So extended 
bandwidth is no radical solution for 
stability at the high frequency end in 
the same way as direct coupling is for 
low frequencies. And after all, the aim 
should not be amplification up to radio 
frequencies, but an 1.f. amplifier with a 
defined upper frequency limit. This does 
not mean that it is a wasted effort to 
start with a large bandwidth for the 

driver. On the contrary, by starting with 
a bandwidth of 1MHz, the high -fre- 
quency response can be exactly formed 
up to this frequency, using simple 
operational amplifier techniques, and so 
it can easily be changed to suit different 
output transformers. The output vol- 
tage of the driver is sufficient even for 
large output tubes such as the KT88; 
they are assumed to work in class A or 
AB in the design that follows. 

Output valve biasing 
When direct coupling to the output 
valves is used, the grids can still be kept 
at zero potential for the quiescent point, 
with a normal cathode bias for class A 
or AB operation. But this is not neces- 
sary and in my opinion not at all the best 
way. Let us therefore look at other ways 
of biasing. For the sake of simplicity, 
single valve biasing is discussed first, 
and the valves shown as triodes with 
the usual assumption of zero grid 
current, i.e. anode and cathode currents 
are identical. If thus I, is the anode 
current of a triode and Rk the outer 
cathode resistance, the negative grid 
voltage with a normal cathode bias is 

Vgk _ I,Rk. 
It is possible, although not often used 

in practise, to modify the influence of the 
anode current on this bias voltage by 
the addition of a constant voltage to the 
circuit, either in series with the cathode 
or, normally with less effort, in the grid 
circuit, shown as the voltage V 0 in Fig. 
1. The grid bias voltage is now Ver, 
= Vg - 

It is important to note that Ve° may be 
positive as indicated in the figure, or 
negative. In the first case a larger 
resistance Rk is required than for simple 
cathode bias, which makes the grid 
voltage more dependent on the anode 
current, i.e. there is a better stabiliza- 
tion of the quiescent point. In the case 
of negative polarity for Ve°, the grid 
voltage becomes less dependent on the 
anode current, as Rk must be dimin- 
ished. For growing negative values of 
V80, it becomes in the limit equal to the 
desired grid voltage. Then Rk must go to 
zero and 'the result is a constant grid 
voltage. 

A grid bias that has exactly the same 
dependence on the combination of a 
constant voltage and the anode current 
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as that of Fig. 1, but with improved 
means for the choice, can be obtained 
by a circuit as shown in Fig. 2. With the 
notations according to this figure, and 
provided that the operational amplifier 
of voltage gain A has zero offset, the 
constant part of the grid bias is Vea = 
AV1, and the total grid bias becomes 

Vgl = AV, - (1 +A)IaRk 

In this circuit Rk can be a small 
resistance, which is an advantage for 
large output tubes where the power 
dissipated in Rk for a normal bias may 
be considerable. Most important is, 
however, the ease of adjustment to a 
desired bias. 

The bypass capacitor Ck has retained 
its function, and the time constant RkCk 
is chosen as for normal cathode bias. 
However, if Rk is small, so that it causes 
only negligable feedback by itself, the 
bias time -constant may be introduced 
by a separate RC -link, either before or 
after the amplifier. 

In the foregoing figures the bias and 
signal voltages have been mixed in the 
usual way by a grid resistor R and a 
coupling capacitor Cg. If a full signal 
feedback from Rk is wanted, corre- 
sponding to an unbypassed cathode 
resistance in Fig.1, some other type of . 

mixing circuit is needed. This also holds, 
if direct coupling of the signal to the 
valve grid is used. 

Arrangement of amplifier 
To explain the main features of the 
complete push -pull amplifier, its layout 
is first shown by the simplified circuit of 
Fig. 3. The circuit comprises three 
differential stages, namely a signal 
input stage, a biasing stage for the 
sensing of the currents in the output 
valves, and between these a mixing and 
amplifying stage that drives the valves. 
It is a symmetrical circuit throughout 
for the input signals, and the necessary 
d.c. balance is obtained at the emitter 
side of the input stage, in the figure by 
means of the potentiometer 111. Another 
important feature is that the differential 
stages are all supplied by a current 
source at the emitter side, instead of 
just by a common emitter resistor. A 
high common -mode rejection ratio is 
thereby obtained, which means that the 
input signal and the negative feedback 
around the amplifier can be fed differ- 
entially to the input stage without 
danger of adverse secondary effects. 

The current source for the mixing 
stage, a single transistor in Fig.3, acts 
with the differential pair as a com- 
mon -mode amplifier for the signals 
from the preceding biasing stage, so 
that the two stages together give a 
common -mode voltage gain from cath- 
odes to grids that corresponds to the 
gain function denoted by A in Fig. 2. The 
gain to a sufficiently good approxima- 
tion is 

A=Ra' 2R R2 E 

_ 
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Fig. 3. Circuit principles for a complete 
push -pull amplifier, but with output 
transformer omitted. The inputs are for 
signal input and feedback. 

Resistance R2 is selectable for choice of 
voltage gain. 

As the amplified part of the bias is a 
common -mode one, it corresponds to a 
common cathode resistance with the 
value RkA /2, and the time constant of 
the RC -link is RC /2. The constant part 
of the grid bias is simply an offset 
voltage, effected by an adjustment of 
the potentiometer R2, which is therefore 
found to have the double function of 
determining the gain by its resistance 
value and the constant voltage by its 
adjustment. 

The resistances of Rk may be so small 
that their direct influence on the valve 
bias becomes negligible. They cause a 
small lowering of the effective valve 
transconductances. 

Because the collector resistances of 
the mixing stage become fairly large, 
there is ample signal amplification 
available in this stage for local feedback 
to be applied. This is used in the 
amplifier for determining the response 
by means of the impedances Z. 

Amplifier design 
The complete amplifier is shown in the 
circuit diagram of Fig. 4. Although the 
number of components has grown, the 
fundamental simplicity as evidenced by 
Fig.3 is retained, and there are not any 
hidden difficulties such as the need for 
tricky adjustments or special demands 
on the power supply voltages, wh: ch 
may vary within large limits. The 
demands on filtering are not very large 
either, since the current sources for the 

differential stages reduce hum. Only the 
negative high tension voltage needs a 
certain stabilization. 

The input common -emitter long - 
tailed pair of Fig. 3 is a dual n -p -n 
transistor Tr1, and it is completed by an 
n- channel dual f.e.t. Tr2, the two 
transistors of which are used as input 
source followers. This makes the ampli- 
fier compatible with 'valve amplifiers 
with regard to input impedance as well 
as to independency of the characteris- 
tics of the driving source. So all that is 
required of the preamplifier is that it 
shall give sufficient voltage. 

The d.c. balancing potentiometer R91, 
a 15 -turn trimming potentiometer, has 
been moved away from the main signal 
path into the f.e.t. source circuit, where 
it gives a smooth adjustment of the 
differential balance. By this change the 
two resistors R7 and R8 also become 
more freely selectable for their function 
'to determine the local feedback of the 
stage and the gain of the amplifier. They 
should be-matched, so as not to cause 
additional asymmetry to be balanced 
out. It is the combination of f.e.t. and 
bipolar transistor pairs that gives the 
good input property, together with an 
easily variable amplification and a large 
bandwidth. Dual transistors must be 
used to reduce temperature drift, see 
later. 

The mixing stage has been developed 
to a cascode configuration, which is 
very important with regard to harmonic 
distortion because the output voltage 
swing is large. It is also important that 
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the Miller feedback capacitance is kept 
very low so that the loading on the 
preceding stage can be controlled as 
desired, and the amplifier as a whole be 
given sufficient bandwidth. The main 
local feedback is by means of the 
emitter resistors R13 and R14, but they 
need not be matched as their counter- 
parts R7 and Rs, as the balancing action 
of R41 is amplified by the input stage. 

Local feedback by the two impe- 
dances Z starts at a value of about 12dB 
for low frequencies, but increases 
within the frequency range 20 to 
200kHz to about 26 dB. It forms the 
amplitude response as shown in Fig.5, 
curve A. The impedances Z do not cause 
any common -mode feedback but act 
together for the differential feedback, so 
they do not need matching for their 
action. However, matching is needed 
for the collector loads of transistors Try 
and Tr6 for symmetry in driving the 
output valves.'The two collector resis- 
tors R15 and R16 should be matched, and 
also the impedances as they also load 
the collectors. 

As to the valve common -mode bias- 
ing, there are only two alterations from 
the simplified circuit of Fig.3. One is that 
the potentiometer for adjustment of the 
constant voltage part has been split up 
in two fixed resistors, R19 and R20, and a 
15 -turn trimming potentiometer, R42 
This makes the selection of resistances 
for a desired value of the amplification 
fairly easy, and provides for a smooth 
adjustment of the constant voltage. The 
other change, mainly for temperature 

drift is that the current source for the 
mixing stage, Tr9 and Tr10r is a 
complementary pair amplifier. 

The gain as defined by Fig.2 is nearly 
70, which means that the bias circuit 
corresponds to a common -cathode 
resistor of 350 ohms. A common -mode 
constant grid voltage of about +5V is 
added by adjustment of R42. The quies- 
cent grid- cathode voltage is about -45V 
and the valves work in class A. 

A negative feedback that senses the 
differential direct voltages across the 
cathode resistors has also been added to 
the circuit. It consists of the matched 
resistor pairs R31, R32 and R5, R6 together 
with the capacitors C3, C4. This feed- 
back is coupled to the amplifier inputs 
and has an upper frequency limit of 
about 1Hz. It has the same stabilizing 
effect on the balance between the tube 
currents as two separate cathode resis- 
tors of 200 ohms, connected together in 
a long -tailed pair configuration but 
without influence on the common, 
mode bias. 

All the above values are easily 
changed for desired bias conditions, but 
a general discussion of valve biasing is 
outside the scope of this article. 

A capacitance of 22 µF was originally 
used for C5, but is omitted in the circuit 
of Fig. 4. However, output triodes in 

Fig. 4. Complete circuit diagram of the 
power amplifier. Valves work in class A 
as C5 is made zero (see text). 
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class A with a high load impedance is the 
only case where the capacitance may be 
omitted to some advantage. 

Response and distortion 
The amplitude- frequency response of 
the complete amplifier is shown in Fig. 
5: without feedback by curve B, and 
with 20dB overall negative feedback by 
curve C. The low- frequency response 
for small signals is flat down to -10Hz 
both with and without feedback. Exact 
curves showing the fall below 10Hz are 
not interesting, but it is possible to 
select a value for C2 that gives an 
optimum response to square waves at 
low frequencies. 

There is a dip in transformer response 
at about 50kHz, which cannot be 
eliminated by simple feedback circuits. 
It causes some ringing in square -wave 
tests, which of course has nothing to do 
with instability. The capacitance of C6 in 
the feedback loop has, however, been 
chosen so large that it has a damping 
influence on the ringing. The series 
resistance of R36 has been chosen as a 
compromise to give about the same 
frequency response when loaded by a 
certain broadband loadspeaker as with 
a resistive load. A capacitance inserted 
as C6 in the feedback loop without a 
series resistance often gives a good 
frequency response with a resistive 
load, but oscillations when a load- 
speaker is connected. Its influence on the 
feedback must therefore always be 
carefully checked. 

The branch R22 and C7 between the 
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output terminals has been found valua- 
ble with several output transformers, 
and is therefore recommended. It has no 
effect on the response within the 
audible band, but represents a resistive 
load at high frequencies. Values are not 
critical. 

It has been an aim to choose about 
the same high frequency limit for the 
response without feedback as in the 
improved version design by Williamson 
to make a comparison of the final result 
fairly easy. It could be an advantage, 
however, to choose a lower high 
frequency limit by a change of the 
impedances Z. 

Total harmonic distortion of the 
driver is quite low. For 30V r.m.s. output 
on each side it is only about 0.05% at low 
frequencies and rises to about 0.1% at 
20kHz. This leads to a low distortion for 
the whole amplifier even without 
overall feedback: at 1kHz this distortion 
is only 0.08% for 10W and 0.2 % for 15W 
output power. 

The overall feedback works fully 
within the audible band, but the maxi- 
mum output power falls at the low and 
high frequency ends. At a distortion of 
less than a quarter of a percent the 
available output power with resistive 
load is 20W at middle frequencies and 
15W at 20Hz and 15kHz. 

The total harmonic distortion, mea- 
sured at 20Hz, 1kHz, and 15kHz and 
with an output power of 10 and 15W is 
summarized in the table below. The 
figures are given in percentage distor- 
tion, but include what there may be of 
hum and 'noise in the prototype ampli- 
fier. 

Power Total harmonic distortion ( %) 
output 

(W) 20Hz 1kHz 15kHz 

10, 0.05 0.01 0.1 
15 0.1 0.02 0.25 

Circuit working conditions 
In all d.c. amplifiers there is a tempera- 
ture drift that must be taken account of. 
In this case there are really two, namely 
a common -mode drift in the biasing 
circuit and a differential drift for the 
signal path. Drift in the output valves is 
not considered. 

An obvious cause of common -mode 
bias drift is the difference in change of 
base- emitter voltage with temperature 
for the transistor pair Tr7 and Tr8. The 
two transistors should be of the same 
current amplification class, BC107A in 
the prototypes, in which case the 
difference may be assumed to be 
0.1mV /deg C at the most. The drift 
voltage is equal in its effect to a false 
reading of the direct input voltage on 
the base of Tr8, and results in a 
corresponding shift of the anode cur- 
rents of the valves. 

If an ambient temperature change as 
large as ±20deg C is assumed, thé 
false reading is not more than ±2mV, 
which is less than 0.3% of the above- 
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Fig. 5. Amplitude frequency response 
curves for the driver (A) and for the 
complete amplifier without (B) and 
with feedback (C). 

mentioned d.c. input voltage, being 
about 700mV. However, the two tran- 
sistors must be mounted close together, 
so that they experience the same 
ambient temperature change. Prefera- 
bly they should be plastics transistors 
and clamped together, but a dual 
transistor is not necessary. 

There is also a temperature drift from 
differences in the internal heating of the 
transistors, for instance at power supply 
variations. This is kept low by means of 
low collector currents. For the same 
reason the design assures a small 
collector current for Tr9 in the current 
source, and the transistor drift is partly 
balanced out by D3. The balance is not 
as good as for a couple of equal 
transistors, but here the drift is inside 
the feedback loop and has less influence 
on the valve currents, about one third of 
that of the preceding transistor pair. 

50k 100k 500k 1,000k 

The main cause of differential drift is 
the input dual f.e.t. Although its thermal 
drift of gate- source voltage difference 
for specified working conditions is less 
than 40uV /deg C, its drift in the circuit 
may be larger, on account of shifts of 
quiescent points. There is also up to 
101.1V /deg C drift in the dual bipolar 
transistor, and some additional drift 
from the transistor pair Tri, Tr4. As a 
summation a temperature drift of up to 
100 µV /deg C referred to the input of. 
the amplifier will be assumed. 

To find what the above drift means as 
a drift in quiescent current for the 
valves, the d.c. feedback from the 
cathodes to the input circuit will first be 
assumed inoperative. The differential 
voltage amplification to the grids is 450 
and the transconductance is IOmA /V, 
which gives 0.45mA /deg C differential 
drift for the anode currents, or ± 9mA 
for a change in temperature of ± 20deg 
C. This is at thé limit of what should be 
allowable, but, on the other hand, fairly 
wide limits as to the causes are 
assumed. 

The picture of drift changes radically, 
however, if the d.c. differential feedback 
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is inserted. The feedback is 14dB from 
d.c. to about 1Hz, and the above anode 
drift becomes less than ± 2mA for a 
±20deg C temperature change. The 
feedback also reduces d.c. drift from 
other causes, such as changes of 
component values with time. Its equi- 
valence to a pair of separate cathode 
resistances has already been shown. 

The above feedback may, on the 
whole, be regarded as a possibility 
rather than a necessity, and 14dB is 
certainly more than necessary. The time 
constant in the feedback circuit is so 
large that temporary deviations from 
symmetry in the signal (musical) vol- 
tage should not cause appreciable d.c. 
shifts. 

Stabilization is needed for the nega- 
tive high tension voltage, because a 
± 10% variation of this voltage would' 
cause too large variations in the valve' 
bias. A simple stabilization, for instance 
by means of a series resistance from. 
a -300V supply feeding a chain of six 
0.4W, 33V zener diodes is sufficient. The 
voltage is of course not critical. 

Constructional details 
The layout of the circuit on a printed 
circuit board or otherwise is not critical. 
It has already been mentioned that the 
two transistors of the pairs Tr3, Tr4 and 
Tr7, Tr8 should be mounted for close 
thermal connexion, and so should Tr9 be 
with D3. To avoid heating effects from 
the collector resistors R15 and R16, 

mount them with the valves, and not on 
a p.c. board. The circuit should be 
mounted away from the mains trans- 
former and filtering choke to avoid 
induced hum from stray magnetic 
fields. It should also be kept away from 
any hot air stream or heat radiation 
from the valves. These precautions do 
not cause any problem, as the circuit 
may be given fairly small dimensions. 
Simple metal shields have been used in 
the prototype amplifiers. 

Five -percent resistors have been 
use, and for matched pairs a 2% 

Fig. 6. Components in feedback 
circuits, Rs, C3, R6, C4 and C2 are not 
included on board; neither are R15 and 
R16. Mono printed boards are available 
for £2 inclusive from M. R. Sagin, 11 

Villiers Road, London NW9. 

difference is acceptable, although a 
closer tolerance may be required for the 
resistor pairs in the d.c. feedback, or the 
value of R1 may prove not to be 
sufficient. 

In a first construction, the d.c. 
feedback should be omitted, and put 
into effect only as a finishing touch. 

For the positive and negative supply 
voltages of 25V in Fig. 4 the recom- 
mended, values are 25 to 30V, but there 
is no need for symmetry. The value of 
collector currents for the cascode stage 
is 6 to 7mA. The currents of the other 
stages are evident from the values of the 
resistors R38, R38 and R90i since the 
voltage across these is about 4.3V. 

Any transistor in the Philips 
BFQ10 -16 family may be used at the 
input, and there are of course also other 
replacement types, for instance the 
Siliconix E401. There are also a number 
of replacements for the Motorola 
MPS -A92, for instance MPS -U60, BFT19 
(RCA), and BFW43 and BFW44 (SGS- 
Ates). There are numerous replace- 
ments for BC107 and BC177, and also for 
the dual transistor BCY89, which is the 
least expensive of the BCY87 -89 family. 

Concluding remarks 
One reason for the choice of KT88 
valves connected as triodes was that 
they put high demands on the driver, 
and so are suitable for presentation of 
driver qualities. The same valves con- 
nected as pentodes or with a distributed 
load are more easily driven because the 
Miller capactiance is lower. An obvious 
conclusion is therefore that the driver 
should suit most power amplifiers 
except for very large ones that require 
several output valves in parallel. 

The ratio between the negative high 

tension voltage for the cascode stage 
and the maximum grid peak -to -peak 
voltage is about two. When smaller 
output tubes are used, such as EL34, 
EL506 or ELM, the negative voltage 
should be lowered, but the above ratio 
not made smaller - a value between 
two and three is preferred. The collector 
currents for the cascode stage should be 
maintained, and the collector resistors 
chosen accordingly. 
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Logic design course 
Digital System Design is the name of a course 
to be held at Chelsea College, Fulton Place, 
London SW6, from May 17 to 21. This course 
is designed to give practising engineers and 
scientists a formal approach to the logical 
design of digital systems and should prove 
useful to those engineers and scientists 
working in the field of digital electronics who 
have had no previous training in methods of 
logic design. Enquiries should be addressed 
to Professor J. E. Houldin at the above 
address. 
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News of 
the Month 

Mobile radio price fears 
According to the Mobile Radio Users' 
Association, essential public services as 
well as commerce and industry will 
experience escalating equipment costs 
during the next ten years in the use of 
mobile radio. Proposals made by the 
Home Office in their preparations for 
the 1979 World Administrative Radio 
Conference - which will decide the 
amount of frequency spectrum required 
for the 1980s - suggest even greater 
usage of mobile radio frequencies now 
available. 

Such measures "would entail vastly 
more expensive equipment and re- 
organization of the present allocated 
spectrum at a time when users are 
already experiencing increasing inter- 
ference in the main conurbations, as 
well as being forced to share facilities." 
The Mobile Radio Users' Association is 
busy gathering support from its 
members to prepare a case for the 
allocation of more of the spectrum to 
,mobile radio. They think that unless this 
is done, unfair and costly restrictions 
will be imposed on what is an essential 
cost -saving and efficiency- improving 
tool for the country, resulting in the 
"trebling of costs and the curtailing of 
growth within the industry." 

BS9000 mandatory for 
military equipment 

From February 1 the Ministry of 
Defence introduced a new contracts 
clause requiring electronic components 
used in the design of MOD -sponsored 
equipment to be approved within the 
BS9000 standards system. Any neces- 
sary exceptions will be kept to the 
minimum. Military forces rely heavily 
on electronic equipment, which they 
expect to function reliably under exact- 
ing conditions, and they therefore 
consider it essential to have an effective 
system of component specification and 
quality assurance. 

The BS9000 series was formulated by 
the British Standards Institution in 
1967, in collaboration with Government 
departments, industry and other users, 

to specify a range of electronic corn - 
ponents meeting levels of quality 
assurance and performance acceptable 
for common use in industry and the 
military services. The Ministry of 
Defence has supported the scheme, 
believing that .a national system offers 
greater benefits than one restricted to 
military requirements. In particular the 
larger volume of components covered 
by BS9000 permits economies in reduc- 
ing wasteful proliferation of component 
types. Although the use of BS9000 
components is growing, progress has 
been slower than originally hopéd. 
Since the full advantages of the scheme 
will not be realised until BS9000 is more 
widely used, the Ministry of Defence is 
now taking steps to extend its applica- 
tion in the military equipment 
industries. 

Union for engineers? 

Professional engineers need a union, 
with strong and experienced leaders 
and affiliation to the TUC, according to 
Dr G. F. Gainsborough, secretary of the 
Institution of Electrical Engineers. 
Writing in the February issue of IEE- 
News he refers to a recent report* of a 
Council of Engineering Institutions 
working party which urges that engin- 
eers should join a union, and backs a 
suggestion that the Electrical Power 
Engineers' Association (EPEA) should 
change its name and constitution to 
make it representative of all engineer- 
ing disciplines. The March issue of 
Wireless World (p.43) proposed rather a 
union to be formed on an industry - 
technology basis for technicians and 
professional engineers in electronics. 
(About half of the unions affiliated to 

In the new Radio 
London Studio, 
Marylebone High 
Street. Picture 
shows d.j. Robbie 
Vincent at his 
control desk. 
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the TUC are based on particular crafts, 
trades or technologies.) 
"CEI Professional Engineers and Trade 

Unions" 

Direction finder for 
Cape Gris Nez 

Following the successful completion of 
trials at Cape Gris Nez (between 
Boulogne and Calais) the French office 
of lighthouses and maritime signals has 
ordered a v.h.f. direction finder. The 
monitoring of shipping in the English 
Channel by radar has not proved itself 
to be completely satisfactory as the 
unambiguous identification of ships is 
not immediate enough and presumes 
among other things the manoeuvrabili- 
ty of the ships and that the v.h.f. 
communication channels are not too 
crowded. This led to the additional use 
of a v.h.f. direction finder which was 
tested out for the task. In contrast to 
other identification aids, direction 
finders possess the advantage of 
requiring no extra aids on board ships 
except the v.h.f. radio systems which 
most ships have anyway. Also, in the 
case of emergencies they can immediate- 
ly provide the exact position of 
disabled ships. The Rohde & Schwarz 
NP7 direction finder used works in the 
frequency range of maritime radio (156 
to 162 or 174MHz) and delivers bearing 
values with a maximum deviation of 
only one degree. The NP7 operates on 
the Doppler principle and uses an 
antenna system made up of 32 dipoles 
arranged on a circle plus one antenna in 
the centre. An antenna commutator 
simulates the rotation of a single 
antenna on this circle. The bearing 
indicator automatically provides a 
three -digit display of the direction to 
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the transmitter target, the measured 
value being averaged over 180 simulat- 
ed rotations of the d.f. antenna. 

TV goes underground 

Platforms on the new Heathrow Central 
underground station at London Airport 
will be monitored with a closed- circuit 
TV system. This will allow London 
Transport observers at Earls Court 
station to view the platforms at the last 
three stations on the new Piccadilly 
Line extension - Heathrow Central, 
Hatton Cross, Hounslow West. The 
installation consists of a single coaxial 
cable linking all stations along the line 
and control cables for switching the 
selected cameras at the different sta- 
tions to two monitors at Earls Court. 
The installation contract, awarded to 
British Relay TV Ltd, covers video - 
switching and modulating equipment at 
the "observed" stations, amplifying 
equipment for picture transmission, at 
h.f. and the receiving and switching 
equipment at Earls Court. The system is 
capable of carrying three vision chan- 
nels in the 3 to 30MHz frequency band. 

Sun -tan for components 

A solar radiation simulator is in use at 
the Product Assessment Laboratories of 

Not the latest 
electronic guided 
weapon but Jim 
Taylor, an 
installation 
supervisor for 
General 
Telephone and 
Electronics 
Company of 
Florida who 
resorts to the 
bowman's 
ancient art 
whenever he has 
to install 
telephone lines in 
inaccessible 
places. 

Plessey in Titchfield. The simulator has 
been introduced to meet new specifica- 
tions which have been laid down by the 
Internátional Electro- Technical 
Commission and the British Standards 
Institution. Artificially created sun- 
shine can be applied to test samples to 
determine their ability to withstand 
both visible and invisible radiation in 
natural sunlight. The simulator will 
show the effect of u.v. radiation on 
rubbers and plastics such as cable forms 
and plastic assemblies and will also 
create a temperature rise in equipment 
to enable designers to check solar 
radiation protection and the operation 
of cooling systems. Electronic trackside 
railway signalling equipment is under 
investigation at the Plessey laboratories 
and the facility is expected to be widely 
used in testing virtually anything that 
stands in the open air. The sun simula- 
tor is claimed to be able to reproduce 
the worst solar radiation conditions 
throughout the world. 

Secondary 
MRCA 

radar for 

A secondary radar data display system 
to be installed at British Aircraft 
Corporation's military aircraft division 
flight test centre at Warton is scheduled 
to be in service within ten months, 
serving BAC and the development 
flying programme of the Multi -Role 

Wireless World, April 1976 

Combat Aircraft. The design of the 
system is claimed to provide an econo- 
mic solution to the surveillance and 
control problems of any small airfield 
with radar facilities. It will also increase 
air safety by providing additional flight 
data to the air traffic controllers at 
Warton where full flight envelope 
testing of supersonic aircraft takes 
place relatively close to civil air lanes 
and the busy Manchester control zone. 

At present, the air traffic control unit 
at Warton relies solely on a Marconi 
S264 primary radar, backed up by a 
precision approach radar. This has 
recently been improved by the addition 
of a digital signal processor and pro- 
vides primary cover up to a distance of 
160 miles. The secondary radar data 
display system, to be provided under a 
new contract to Marconi Radar Sys - 
tems, will take this primary information 
in its new form and present it to the 
controller combined with secondary 
and primary extracted radar data 
obtained via landline from Civil Avia- 
tion Authority's St Ahne's facility about 
four miles away. The ability to revert to 
a local primary picture is retained. The 
facilities available at each radar display 
position include raw local primary radar 
data, video and digital map data, 
reference marks, emergency indications 
plus full control over range, off -centre 
and presentation parameters. 

Colour TV deliveries 
for '75 

Deliveries to UK distributors of UK 
made and imported colour television 
receivers reached 150,000 in December, 
a fall of 7% on December 1974, accord- 
ing to the latest statistics compiled by 
the ' British Radio Equipment Manu- 
facturers' Association. This brought the 
total for the year to 1,590,000, a fall of 
28% compared with the same period in 
1974. Total monochrome set deliveries 
for December, were 67,000, an increase 
of 52% compared with December 1974; 
this brings the year's total to 938,000, a 
15% increase on the same period of last 
year. These figures include deliveries to 
rental and relay companies. 

Leeds electronics 
exhibition 
Visitors to the 1976 Leeds Electronics 
Exhibition will be able to hear about 
current technology and applications of 
microprocessors. Three lectures on this 
subject are being arranged for day two 
of the show and one lecture for day 
three. Also in the programme of lectures 
which traditionally accompanies the 
Leeds show is one on switched mode 
power supplies. The exhibition will take 
place in the Department of Electrical 
and Electronic Engineering at Leeds 
University on June 29, 30 and July 1. 
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Communication theory 
1 - Information is finite 

by D. A. Bell 

University of Hull 

A generation ago one might have said 
that language was one of the main 
features distinguishing man from the 
animals. But now it is known that most 
animals, from chimpanzees to bees, 
have systematic methods of communi- 
cation by sounds and gestures; and the 
unfortunate person who is deaf and 
dumb (and therefore would a few 
centuries ago have been regarded as 
stupid) can communicate by "deaf and 
dumb language." All of this goes to 
show that communication can be 
effected by various means; and the 
superiority of human speech lies in its 
speed and flexibility which enable it to 
convey a very wide range of messages, 
including abstract ideas. 

The introduction of the word idea is a 
cue to point out that the communica- 
tion or information theory of engineers 
is not concerned with "ideas ": it handles 
only "messages." This might sound like 
a severe limitation but in fact it is not, 
since any set of words, for example, can 
be regarded as a message; and the "set 
of words" might be the Bible, the 
collected works of Shakespeare, or the 
works of your favourite science -fiction 
author. By choosing a set of words we 
have made the number of possible 
messages finite in the mathematical 
sense though inconceivably large: there 
are some 35,000 words in an English 
dictionary so the number of different 
sets of, say, 100,000 words is rather more 
than 10 to the power of 400,000. If I 

assume that every reader has a copy of 
the Concise Oxford Dictionary (5th 
edition, 1964) I can represent any word 
by a code of the form n1 a n2 where n1 is 
the page number, a is L or R for 
left -hand or right -hand column and n2 is 
the serial number of the word in the 
column. The opening words of this 
article would then be represented by: 
1L2 509R4 26L13 544R7 767L6. 

This is very clumsy and time -con- 
suming as it means looking up every 
word in the dictionary (though I am 
sure one would soon get to recognise 
the codes for common words, like 1L2 
and 544R7) but it has several 
noteworthy features: 
(1) It reminds us that communication 

requires that sender and receiver agree 
on the code to be used, even if only on a 
common language. 
(2) It is more precise than words. 767L6 
in the dictionary reads "might2. See 
MAY ' ", thus distinguishing it from 
"might' meaning great strength. 
(3) It illustrates the point that words 
may be represented by all sorts of 
different symbols during the process of 
communication. 
(4) From the sample given above it 
would appear that the typical length of 
a code group is 5 characters, which 
compares with 5 letters for an average 
English word. But 4 of the 5 characters 
are now numerals in the scale 0 -9 and 
the fifth has only two values, L or R. So 
there is some economy. 

It also makes it clear that we are 
talking about the kind of communica- 
tion which consists in selecting in turn 
particular signals from a known set of 
signals or code; and the kind of 
information which can be communicat- 
ed in this way is called selective 
information. Now most of the informa- 
tion we handle is of this kind: the 
current price of gold; which of the 
national contestants became Miss 
World; which premium bond drew a 
prize; which airline has just had a plane 
crash; what are the frequencies and 
times of BBC stereo broadcasts. These 
are ail questions which can be answered 
by drawing a particular number or 
name from the range of numbers and 
names which was known to exist, and 
less specific or more complex informa- 
tion can be communicated by a more or 
less lengthy series of words selected 
from the dictionary. New ideas, on the 
other hand, cannot always be specified 
definitively by existing words or groups 
of words and may have to be assimilated 
gradually from the context in which 
new words or phrases are used. If I look 
in the dictionary for "meaning" I am 
referred to "significant" and vice versa. 
But under "bread" I find "Flour mois- 
tened, kneaded and baked, usually 
with leaven ". Thus a concrete object 
can be broken down into its compon- 
ents or alternatively it can be described 
in terms of shape, colour, texture etc.; 
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but an abstract idea like "meaning" can 
only be learned through experience of 
the way in which the word is used. It is 
also a prime principle of communication 
theory that one should not communi- 
cate information which was already 
known; this means that the amount of 
information transmitted is measured by 
the increase in amount of information 
possessed by the recipient. The method 
of measuring the amount of information 
will come later. 

Communication is never absolutely 
certain. The hi -fi enthusiast may ask for 
"perfect" reproduction, but the engin- 
eer knows that at least there will be 
Johnson noise in the circuits, with 
power kTB* in bandwidth B. So the 
engineer must ask "How good is good 
enough ?" Ask him for 60, 70 .... dB 
signal -to -noise ratio and he will tell you 
whether it is possible and how much it 
will cost; but ask him for perfection and 
he will either shake his head or decide 
for himself what standard the customer 
will accept as perfect. But if we are 
communicating only selections from a 
finite set of signals, it is obvious that the 
s/n ratio required is just enough to 
prevent one signal being mistaken for 
another. This idea is usually illustrated 
by the analogy of representing the 
several signals by points in space. (It has 
to be multi -dimensional space with a 
large number of dimensions.) These 
points have to be far enough apart that 
when the co- ordinates of one of the 
points are given then in spite of the 
noise in the system a seeker armed with 
the co- ordinates will arrive within reach 
of the desired point and of no other. The 
sort of practical problems to be solved 
by communication theory are therefore 
as follows. 
(i) Given a set of messages (of known 
number) from which selections are to be 
communicated through a channel of 
given bandwidth and s/n ratio, what are: 
the best shapes of signal to use to 
represent the messages? 
(ii) With the conditions in (i), what will 
be the reliability of communication, or 

'k = Boltzmann's constant and T = circuit 
temperature. 
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how should the conditions be altered to 
achieve some specified standard of 
reliability? 
(iii) How does speed of communication 
tie in with everything else? 

Ignoring derivations and proofs, we 
can answer questions (ii) and (iii) by 
quoting Shannon's key formula 

C W log (1 + P /N) (1) 

which is part of the following theorem: 
By a sufficiently complicated method of 
encoding it is possible to communicate 
information at any rate,up to C through 
a channel of bandwidth W and ratio 
P/N of signal power to noise power with 
negligible risk of error. This is the 
channel capacity theorem. Note that 
this evades question (i) by postulating 
"a sufficiently complicated system of 
encoding." The hypothetical system of 
coding which allows the equality sign to 
be used in formula (i) is called "ideal 
coding." Much effort has been devoted 
to the search for coding methods which 
approach this ideal. Another point is 
that where we have loosely said "with 
negligible risk of error" one should ask 
"negligible in comparison with what ?" 
To be precise, Shannon showed that the 
risk of error may be made as small as we 
wish by making the signals long enough 
in time. There are therefore advantages 
in putting the formula in symmetrical 
form 

1 T W log (1 + P /N) (2) 

where 1 is the amount of information 
transmitted in time T. 

T can be measured in seconds, W in 
hertz and P/N is a ratio (e.g. of watts); 
but we have not yet any measure of I. 

(c) 

Now any information can be, communi- 
cated, between two people using the 
same code book, by a sufficient number 
of yes /no questions. This was noted by 
Francis Bacon in 1623 when he devised a 
code in which each letter of the 
alphabet was represented by five binary 
symbols and said that "And here, by 
the way, we gain no small advantage, as 
this contrivance shows a method of 
expressing and signifying one's mind to 
any distance by objects that are either 
visible or audible - provided only the 
objects are but capable of two differ- 
ences, as bells, speaking trumpets, 
fireworks, cannon etc." 

A simple example is that about 16 
binary decisions should suffice to locate 
any word in the Concise Oxford Dic- 
tionary if I start with first or second 
half, quarters, eighths . . . and finally 
down to fractions of a page. (I have to 
say "about" because the number of 
pages is not a power of 2 and the 
number of words per page is not 
uniform; the Dictionary was not 
designed for this exercise!) It follows 
that (selective) information can always 
be expressed as an equivalent number 
of binary units; and I in (2) is measured 
in bits or C in (1) in bits per second. But 
this is not the whole story. If a "sixteen 
questions" guessing game with the 
dictionary leads me to the top half of the 
right -hand column of p.943 I shall think 
that the word I am seeking is likely to be 
pompous or pond, but unlikely to be 
pompano or pompier, for example. So 
the measure of the amount of informa- 

Fig. 1. Identification of a word: (a) the 
dictionary, (b) the page number, (c) the 
column, (d) the word. 
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tion which is communicated must take 
account of the pre- existing probabilities 
and not merely absolute certainties; and 
we now take the view that the amount 
of information communicated is related 
to the reduction in uncertainty or to the 
extent to which it allows a reassessment 
of probabilities at the receiving end of 
the channel. It can be shown mathema- 
tically that the only satisfactory mea- 
sure of the uncertainty related to a finite 
group of probabilities is the entropy 

N 

H= -ER log pi 
i=i 

(3) 

where the p; are the individual probabi- 
lities in a set of N distinct probabilities. 
Since probabilities are by definition less 
than unity, each log p; is a negative 
quantity and H is positive. 

Entropy has significance in thermo- 
dynamics and statistical mechanics, but 
the exact relationship between the 
different applications of entropy need 
not concern us. It suffices to say that 
entropy is always associated with ideas 
of disorder, confusion or indistingui- 
shability of one state of a system from 
another. It is therefore natural to 
associate it with uncertainty and use 
reduction in entropy as a quantitative 
measure of information. 

So far as we are concerned, H in 
formula (3) is just the weighted mean of 
all the logarithms of the probabilities, 
each logarithm being weighted with its 
own probability of occurrence, and it 
can be measured in bits. (Readers are 
probably familiar with the transforma- 
tion from common logarithms (log1o) to 
natural logarithms (loge) by multiplying 
by 2.3. Equally one can work in logar- 
ithms to base 2 and if the units in 
formulae (1), (2) and (3) are bits it must 
be understood that the logarithms are 
(log2). An important property of H is 
that it has a maximum value of -log p 
when all p's are equal and is zero if one 
probability is unity and all others zero. 
For if one probability ph =1, log ph = 0 
and all the other p; = 0; so logp 
=0 when one possibility can be 
selected with certainty. 

For a simple application to a com- 
munication situation, suppose we are 
watching a Telex machine which we 
know is going to print a string of letters. 
Before a letter is printed there is a 
probability of 1/26 for each letter of the 
alphabet and H= -log2 (1/26)- log2 
26 =4.7 bits. If the letter Q is printed, 
H =0 for this letter; and the information 
attributed to the communication of one 
letter is equal to the reduction of 
entropy of 4.7 bits. But if instead of "a 
string of letters" the Telex output was 
known to be English language text, the 
appearance of Q would be quite impro- 
bable but the appearance of E would be 
probable. This prior knowledge of 
probabilities constitutes information 
which we already have at the receiver 
and thereby reduces the amount of 
information which has been communi- 
cated. This is allowed for by recalculat- 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

ing the value of H before the letter was 
received, putting the English- language 
weighting for each letter in the formula 

26 

H = -Epi log pi (4) 
i =l 

This will necessarily be less than the 
maximum value obtained when all the 
p's are equal and therefore its reduction 
to zero will represent less increase in 
information. (Actually the entropy of 
the English -language- weighted alpha- 
bet of 26 letters is reduced only to 4.3 
bits per letter.) 

But now let us look at the line 
engineer's view. Each letter is repre- 
sented by five units (plus some synch- 
ronising pulses) , and the receiving 
equipment must be set up with a 
threshold which decides between mark 
and space for each of the five units. 
Suppose the line is noisy so that there is 
a 10% chance that any one (but only 
one) of the units will be incorrectly 
interpreted. Then 5 letters which differ 
in one unit from the letter sent will each 
have a (1/5) . x 0.1 chance of being 
printed and the entropy after receipt of 
the noisy signal will look like this: 

H = -E p log p = - (5 x 0.02 log 0.02 + 
0.9 log 0.9) (5) 

In binary units this is 0.701 bits. 
The information transmitted is the 
difference between the uncertainty 
before and the uncertainty after 
transmission, which in this case with 
English language is nearly 3.6 bits. So 
now we are able to measure the amount 
of information which is communicated 
even when noise in the channel means 
that nothing is certain. An important 
result of applying formula (3) to a binary. 
channel (N =2) is that a 50% error rate 
means zero communication of 
information. For if when 1 is received 
the chances are 50 - 50 whether 0 or 1 

was transmitted, one might as well toss 
a coin at the receiver and dispense with 
the communication channel. 

Now we have admitted that there will 
always be noise in the communication 
channel. If it is random noise it may 
have any value of instantaneous ampli- 
tude up to infinity, but for just over 
two -thirds of the time it will not exceed 
the r.m.s. value. How can we reconcile 
this presence of occasional noise ampli- 
tudes which are many times bigger than 
the r.m.s. value with the channel 
capacity theorem? 

That there is a real problem is shown 
by the following very crude and 
approximate interpretation of formula 
(2). If the signal -to -noise ratio is good, 
1+ P/N P/N and the amplitude ratio 
is approximately V(P /N). The logar- 
ithm of the square root is half the 
logarithm of the original quantity, so 

1 2TW log [V(P /N)] (6) 

Now 2 TW is the number of independent 
pulses that can be associated with the 
time -bandwidth product TW and in the 

X plus noise 

Fig. 2. The distance between signals 
must be greater than the likely effect 
of noise. 

absence of noise digital information can 
always be expressed in the form 

lo = n log S (7) 

where n is the number of digits and S 
the number of states or amplitude levels 
for each digit. 

Comparing (6) and (7), the channel 
capacity theorem seems to be saying 
that the number of amplitude levels can 
be spaced at intervals equal to the r.m.s. 
noise; but the instantaneous noise 
exceeds the r.m.s. value for about one 
third of the time, so how can errors then 
be negligible? The answer is in the first 
few words of the theorem "By a 
sufficiently complicated method of 
coding ... " A proper derivation of the 
channel capacity theorem is fairly 
mathematical, and the further one goes 
in search of "ideal coding" the more one 
gets entangled in mathematics; but 
there are two principles which can be 
stated non -mathematically: 
(1) Since the number of messages is 
finite, one has only to choose a finite set 
of signals which are sufficiently differ- 
ent from each other that even in the 
presence of noise one is unlikely to pick 
the wrong one. (This difference is often 
called the "distance" between signals.) 
(2) A single instantaneous amplitude of 
noise may have a large value, but it is 
unlikely that a number of instantaneous 
values in succession will all have large 
values, and the more samples you take 
the nearer their averages will come to 
what we regard as the r.m.s. value of the 
noise. 
An example of the second principle is 

tstrictly speaking this "average" must be the 
root - mean -square value of the samples and what 
we normally call the r.m.s. value of the noise is that 
which we should obtain with an infinite number of 
samples,. 

Fig. 3. (a) signal transmitted, 11010; 
(b) signal received, 11010 or 11011? 

n 
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that if you listen to the audio output 
from a high -gain receiver you will hear 
noise because the ear can respond to 
pulses lasting only one tenth of a 
millisecond; but if you connect an a.c. 
voltmeter with a response time of about 
a second, it will probably give a 
perfectly steady reading. This is because 
it will have averaged the noise over a 
TW product of about 10,000. 

So "ideal coding" requires first that 
you construct signals with sufficient 
mutual differences (or distances) and 
second that you both construct signals 
which require a large value of TW and 
wait until the whole of a signal has been 
received before you try to identify it. 
Thus in principle ideal coding involves 
delay; but if W is of the order of 
kilohertz then T, and hence the delay, 
need only be of the order of a second to 
make TW large. 

More recently the question has been 
put, "Supposing I do exceed the channel 
capacity defined by formula (1), how 
bad will the system be ?" If we regard all 
differences between the received and 
transmitted signals as distortion, it is 
possible to formulate a relationship . 
between the amount of such distortion 
and the rate of communication. The 
latter must take account of the fact that 
information is not received with cer- 
tainty. For each received symbol one 
has only a set of probabilities of the 
various possible transmitted symbols; 
and in general different symbols may be 
made to have different probabilities of 
error. There results a rather complicat- 
ed mathematical function called the 
rate distortion function which relates 
the rate of communication which can be 
achieved to a specified degree of 
distortion. 

All that we have said so far about 
finite sets of messages seems to apply 
readily to telegraphy, where digital 
signals are natural, but what about 
telephony, television etc. when the 
signals are basically in continuous 
analogue form? 

The answer is that continuous ana- 
logue signals may be reduced to discrete 
form by the two processes of quantizing 
in amplitude and sampling in time. No 
magnitude is ever known with absolute 
precision so it can always be equated to 
the nearest of a number of fixed levels if 
the latter are at close enough intervals. 
This process of equating to a pre -se- 
lected value is known as quantizing, 
and is no different from expressing a 
magnitude by a figure taken to a finite 
number of decimal places. The fineness 
of quantizing - the number of decimal 
places in the analogy - is chosen to give 
the desired accuracy. The other opera- 
tion which is needed is sampling in time. 

It was mentioned in connection with 

iinvir4ku'uk 
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formulae (6) and (7) that the maximum 
rate at which independent pulses can be 
transmitted through a channel is two 
per unit of time -bandwidth. This is often 
called the Nyquist rate, since it was 
stated by Nyquist in relation to tele- 
graphy in 1928* An equivalent state- 
ment in very general terms due to 
Gabor** is that however one may try to 
construct a minimum signal element it 
will obey the law 

Sf .St 'h (8) 

where the equivalent extent of the 
signal in bandwidth and time, Sf and St, 

is measured by a statistical formula 
which can be applied however fast or 
slowly the signal is cut off in frequency 
and in time. This is mathematically true 
because the frequency spectrum of a 
signal is the Fourier transform of its 
time waveform; but the cut -off points 
equivalent to this Sf and St do not 
correspend in any way with 3dB points. 
Gabor's theorem of the minimum signal 
is in close analogy with Heisenberg's 
principle of indeterminacy in physics, 
which is generally written as Sp. Sq h 

where h is Planck's quantum and p and 
q are a pair of conjugate co- ordinates of 
a particle such as its momentum and 
position. 

The counterpart of the rule about 
pulse rate is that any waveform of 
which the Fourier components can be 
contained in a bandwidth W and of 
which the duration is T can be recon- 
structed unambiguously from 2WT 
suitably chosen samples. This is the 
sampling theorem. If the waveform 
corresponds to a low -pass band from 0 

to W hertz, then evenly spaced samples 
at two per cycle of the highest fre- 
quency are suitable. (This is the form of 
the sampling theorem which is most 
commonly used. Other arrangements of 
2TW samples are possible, and a differ- 
ent sampling pattern is needed for 
bandpass signals.) The original wave- 
form is reconstructed if the nth sample 
of amplitude an causes the receiver to 
generate a unit waveform 

sin Tr (2wt - n) 

an 
r (2wt - n) 

This method of reconstructing the 
waveform is open to criticism in theory, 
though in practice it is good enough 
provided that TW is large. The difficulty 
is that the waveform (sin x) /x extends 
fromx = - ootox = + oosonooneof 
the waveforms used for reconstruction 
can be completely contained in the time 
interval T. But the function is small for x 
outside ± 4 Tr so the imperfect recon- 
struction is noticeable only in the 
neighbourhood of the first and last 

H. Nyquist, "Certain Topics in Telegraph 
Transmission Theory," Trans. A.I.E.E. vol. 47, p.617, 

.1928. 
'D. Gabor, "Theory of Communication," J.I.E.E., 
Part III, vol. 93, p.429, 1946. 

samples, and this is unimportant if TW 
is large. Assuming for the moment that 
formula (1) is of general application, it 
says that for a given communication 

SAMPLING TIMES 

Fig. 4. Digitising a waveform. 

rate one can change bandwidth provid- 
ed one adjusts P/N accordingly, and 
vice versa. This is a qualitative retro- 
spective justification of systems like 
f.m. where for a given output the carrier 
signal -to -noise may be allowed to drop 
in exchange for the use of a greater 
bandwidth. The idea of exchanging 
bandwidth against signal -to -noise was 
not obvious while we were always 
thinking of hi -fi transmission of the 
original sound or other waveform. But it 
arises naturally from the Shannon 
approach of communicating signals 
from a finite and pre- arranged set 
instead of arbitrary waveforms. 

Thus we have shown that informa- 
tion is an objectively measurable quan- 
tity; and in consequence communic- 
ation channels can be designed in terms of 
the communication of information 
rather than of the faithful transmission 
of waveforms. 
(Next article: redundancy and the 
exchange rate) 

Sixty Years Ago 

The following extracts from the April 1916 
issue of Wireless World were drawn from an 
informative article by Wm. S. Purser entitled 
The Banjo - A Pastime for Wireless 
Operators. "One of the popular fallacies 
regarding the banjo is that one has to have a 
black face and sing nigger songs .... Some 
talk has been heard in the past of elevating 
the banjo, and playing classical music upon it 
.... The banjo may be regarded as symbolical 
of good fellowship .... When purchasing an 
instrument select a British -made ordinary 
banjo and you will have a reliable article 
which will stand any climate .... Do not be 
misguided by the expression 'Anything will 
do to learn on'. The banjo should have five 
strings .... Wireless operators and others 
going on voyages or to out -of- the -way places 
should purchase strings by the dozen. Having 
decided on your brand of strings, always get 
them from the same place .... After gut 
strings have been exposed to the sea air for a 
long time on the instrument they gradually 
turn green ". Follow that. 

(HF predictions 

There are no signs of vigour in current solar 
activity and expectations of an established upward 
trend by the end of the year seem optimistic at 
present. 

Seasonal changes in highest probable frequency 
(HPF) and optimum working frequency (FOT) 
curves become evident this month and magnetic 
disturbances are likely to occur over March 14 to 19 
and April 10 to 15. 
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FM tuner designs 
2 - Improved performance; further facilities 

by D. C. Read, B.Sc. 

Changes which provide the tuner 
described in part 1 of this article with 
some additional control and monitoring 
facilities and a more flexible input 
circuit are shown in Fig. 5. The extra 
gain -controlled r.f. stage comprising the 
dual -gate m.o.s.f.e.t., Tr can be 
arranged to function in different ways 
according to local reception conditions. 
Two alternatives are illustrated in the 
circuit diagram by the indicated possi- 
ble connection of a 10k52 resistor 
between Tri source and the positive 
supply rail. Circuit operation is as 
follows. 

With 10k12 resistor. The stage pro- 
duces either a gain (maximum 6dB) or a 
loss (maximum 12dB) under the control 
of the a.g.c. voltage returned from the 
i.c. This division into two control 
regions makes the most efficient use of 
the available 18dB a.g.c. range whereby 
large incoming signals are reduced in 
level to prevent oscillator pulling but 
weak signals are given low -noise 
amplification before the LP1186 r.f. and 
mixer stages, so that the noise these 
produce is added in smaller proportion. 

Without resistor. The stage gives 
low -noise gain with a value between 
zero and 12dB again depending on the 
a.g.c. voltage. This arrangement is 
suitable for tuners used in fringe areas 
where received signals are low; i.e. 
where increased sensitivity is required 
and high -level incoming signals are not 
normally encountered. 

A further possibility makes even 
more effective use of the m.o.s.f.e.t. 
characteristics but at the expense of 
added complexity, particularly in set- 
ting up. If the Trio source is held at a 
fixed voltage, say by means of a 
low -value zener between it and the 
0 -volt rail with a current feed via a 
resistor to the positive rail, then the 
a.g.c. range is extended because the 
source -follower feedback action which 
modifies the effect of the control 
voltage on gate 2 is inhibited. 

The spread of characteristics for 
f.e.t. devices is such that, without this 
stabilizing feedback, the bias on gate 1 

needs preset adjustment to give maxi- 

.47 

The simpler version described in 
part 1 comprises tried and trusted 
circuits, up -dated with refinements 
intended to make construction, 
line -up and operation easy; stabili- 
ty and utility are the essential 
features. The overall design is 
flexible, and various special faci- 
lities can easily be added either 
during or subsequent to the main 
construction. These extras include: 

-a twin tuned -circuit demodulator 
which reduces harmonics in the 
recovered multiplex signal but 
which needs proper adjustment 
using a wave analyser or distor- 
tion meter 

-a stereo -inhibit switch which 
allows mono reception of weak 
stereo signals thus giving a 20dB 
improvement in signal -to -noise 

-a buffered and de- emphasized 
mono feed derived before decod- 
ing and intended for tape -re- 
cording 

-low -pass audio filters to remove 
unwanted components from the 
tuner outputs, useful for tape 
recording either stereo or mono 

-a tuning- indicator circuit. 

The more advanced tuner can be 
provided with any or all of the 
additions listed above; it also shows 
further refinements, some optional, 
which give improved performance 
in certain respects but which 
increase the number of necessary 
adjustments both in setting up the 
tuner and in its normal operation. 
These modifications and additions 
are: 
-an extra gain -controlled r.f. stage 

giving increased sensitivity and 
stability, and improved signal - 
to -noise performance. The design 
of this stage also allows different 
a.g.c. characteristics to be chosen 
either as a result of fixed circuit 
changes or subsequently by 
adjustment of a panel control to 
suit various reception conditions 

-a more comprehensive a.f.c. 
system which, like the a.g.c. 
circuit, can be varied in its effect 
under external control (R9 could 
be a front -panel variable resistor) 

-a received signal- strength meter 
circuit with calibration curve. 
This meter feed could also be 
used for stereo -threshold switch- 
ing. 

-adjustable inter -station muting. 

mum gain for weak signals. In practice 
the required bias is easily set by 
connecting gate 1, actually the earthy 
end of the input coil, to a variable 
tapping in a high- resistance potentio- 
meter chain across the zener. Then, 
with the a.g.c. voltage on gate 2 at its 
most positive value, the bias is varied 
until the highest possible stage gain is 
obtained. The likely performance of 
such a circuit is a maximum gain of 
I6dB and a control range of 25 to 30dB. 

The circuit which includes the LP1186 
module and the impedance- matching 
stage, Tr2, is largely as in the simpler 
version, the only difference being an 
additional resistor in the a.f.c. feed. The 
choice of value for this component, 
which determines a.f.c. sensitivity, is 

dictated by local reception conditions. 
High sensitivity is given with the value 
at 471(2 as shown in Fig. 5. if equal - 
strength neighbouring- channel signal! 
are present, the degree of control migh 
be too great such that the tuner could t 
captured by an unwanted station as tl 
local oscillator sweeps through t 
relevant frequency while changing 
select the wanted station. If this occl 
reduce the resistor value, possibly t 
low as 5k2, which still allows a u! 
amount of control. 

Because of the extra gain now 
lable at the tuner front end and a 

the CA3089E module, the i.f. am 
ICZ is not required and the r 

impedance for F2 is provided ins. 
a grounded -base stage, Tr.,. 
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Fig. 5. Improved performance at low 
signal levels is obtained with this 
circuit, which uses the tuning and 
decoder circuits of Fig. 1. Sequence of 
connections for Tr2 is b, e, ç, 
screen (on -lead view). On the 
CA3089E pin 8 corresponds with 
the tag location. 

Although the RCA limiter /demodu- 
lator circuit is more complex than its 
TAA661B counterpart it operates in a 
similar manner, using an inductive 
carrier feed to obtain the quadrature 
reference phase and has the optional 
dummy tuned circuit to improve linear- 
ity of the transfer slope. The external 
circuit differences mainly concern the 
use of additional facilities provided by 
the i.c. Because the a.f.c. signal is 
derived from a push -pull, open -collector 
current source in the CA3089E circuit, it 
is possible that the equal and opposite 
current condition in a'given sample of 
the i.c. does not occur-precisely at the 
middle of the demodulator S curve. In 
such a circumstance, a small correcting 
bias can be provided through a resistor 
with a value in the 91 to 330kS2 range, 
connected either to the positive rail, as 
shown, or to 0 volts, whichever is 
appropriate. To find the required value 
and the appropriate supply connection 
point for this resistor, a method similar 
to that already described for matching 
the a.f.c. offset voltage in the simple 
tuner is suggested; in this instance, 
however, the S curve is sampled by 
measuring the voltage across the 150pF 
capacitor in the pin 6 output circuit. 

The completely off -tune condition is 
used to find the particular voltage value 
which represents the effective S curve 
centre and this is then established by 
tuning to a strong station. Now connect 
the meter across the a.f.c. 
sensitivity -controlling resistor, R9 
(points 1 and 2). With the a.f.c. switch 
off, vary the bias to pin 7 until the 
measured voltage is zero and remains so 
with the a.f.c. on. (Note that, as the a.f.c. 
drive is from a constant -current source, 
there is automatic compensation for the 
supply voltage - offset at pin 8 of the 
LP1186.) 

The varying voltage output from pin 
13, shown as the meter current curve in 
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Fig. 7. Double notch output filter option. 
Inductors wound on 14mm Mullard 
Vinkor assembly, with Ferrox core 
violet type LA1228. Filter, which has a 
6dB loss, should have 25hS2 load. 

Fig. 6, is not used in this tuner for stereo 
threshold switching. It can, however, be 
fed to a suitable meter circuit to give a 
received- signal strength measurement 
by relating the indicated current to the 
calibration curve shown in Fig. 6. 

Setting of the audio muting sensitivi- 
ty control is done by tuning manually 
through a number of stations and 
increasing sensitivity until the noise 
between these is reduced to a minimum. 
The demodulated multiplex signal, at 
about 140mV r.m.s. for ±75kHz incom- 
ing- signal deviation, is fed via TrQ to the 
50kHz low -pass filter, decoder and 
audio output circuits, already described. 
An extra stage around Tr4 provides a 
small amount of gain to compensate for 
the lower output from the CA 3089E 
demodulator and presents the correct 
source impedance to the filter. 

Optional 15kHz low -pass filter 
The output signals from the tuner 
contain components at the pilot -tone 
frequency and the switching frequency. 
Apart from producing noise, these 

Component location and p.c. board 
layout for Fig. 1. Boards for Fig. 1 and 
Fig. 5 circuits are available from M. R. 
Sagin, 11 Villiers Road, London NW2, 
price £3 inclusive, and parts are 
available from Manor Supplies, 172 
West End Lane, London NW6. 
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unwanted signals can cause difficulty 
when the tuner stereo output is tape - 
recorded. If the recording bias beats 
with one or other of the out -of -band 
components, or more probably, with 
their harmonics, then the product 
frequency could be within the audio 
band and the resulting signal would 
produce interference. Such undesirable 
effects can be prevented by including a 
low -pass filter in each of the output 
circuits. 

The audio band transmitted is limited 
to 15kHz, as a necessary factor in 
normal pulse- code -modulated signal 
distribution, so it is reasonable to use a 
sharp filter cut -off at a frequency just 
above 15kHz. The circuit of a suitable 
filter is given in Fig. 7 together with its 

10k 20k 80k 

response. The second notch, at 23kHz, is 
at the frequency allotted to a control 
signal which the BBC uses for distribu- 
tion -route and transmitter switching. 
(An active filter would have required a 
more extensive circuit requiring many 
more components to achieve the high 
rates of response change at cut -off and 
the notch sides.) 

Tuner r.f. and i.f. performance 
The four most important figures here 
are those for i.f. and image rejection, 
which relate to operation in the r.f. 
section, and for a.m. and adjacent /al- 
ternate channel rejection given by the 
i.f. circuits. 

The first two depend on r.f. circuit 
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in brackets. 
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6 

11/4 in former, 6 mm (9/32 in dia.) Neosid 

can 13 /e in. high 3/4in.square 

2 violet cores 6x1x127 
both windings 16 turns 34s.w.g. 

L3 component numbers above as for Fig. 
1. Capacitor marked C20 is omitted in 
Fig. 5. Simpler coil uses 10 turns on 
Neosid E3 assembly. Phase shift coil is a 
Sigma SCIO screened r.f. choke, or 
Painton equivalent. L2 Fig. I is wound 
on a Mullard Vinkor assembly with 
14mm violet core and 172 turns of 
38s.w.g. enamelled wire. Li in Fig. 5 is 81/4 

turns, tapped at IN turns, on ,Neosid 
6mm former with 22s.w.g. wire. 

Front panel and controls can be 
mounted remote from the printed 
board. 

selectivity and in both versions are 
determined by the performance of the 
Mullard LP1186 module. The specifica- 
tion for this quotes an i.f. rejection of 65 
dB for 95MHz input and an image 
rejection of 40 dB. 

If better r.f. performance is required, 
this can be easily obtained but at 
increased cost by replacing the LP1186 
with the Toko type EF5600U -1 tuner 
module which contains four varicap- 
controlled tuned circuits and has image 
and i.f. rejection figures both quoted as 
90 dB. A module of this type has been 
successfully fitted to the author's tuner 
with some small modifications, as 
below. 

Fitting Toko front -end 
Change of tuning voltages. For tuners 
operated in the London area, the 
necessary changes to pre -set tuning 
voltages for stations at the ends of the 
band are: 

LP 1186 EF5600U -1 

(w.r.t. pin 8) (w.r.t. OV) 

89.1 MHz (Radio 2) 2.4V 3.5V 
97.3 MHz (LBC) 6.0V 7.5V 

Change of d.c. offset and a.f.c. 
centre -voltage. The EF5600U -1 tuning 
voltages are referred to 0 volts instead 
of the +4.5 -volt offset present at pin 8 of 
the LP1186. This difference necessitates 
two modifications. First, the 4.3 -volt 
zener, marked DI in both diagrams, 
must be replaced with a shorting link. 
Second, in the Toko module, the 
maker's circuit diagram shows that the 
a.f.c. circuit involves a separate diode 
with a 2 -volt bias obtained from resis- 
tors numbered R21 and R22 as illustrated 
in Fig. 8. Because this circuit is intended 
for operation with an incoming a.f.c. 
signal centred on 0 volts, it must be 
modified to suit the + 4.5 -volt centre 
value which obtains in the tuners. The 
suggested changes are marked in 
parentheses in Fig. 8, giving an offset of 
about 6.5 volts. 
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The figures for a.m. rejection, quoted 
from the manufacturers' data for 30% 
a.m., are -45dB for the SGS TAA661B 
and -55dB for the RCA 3089E. Perfor- 
mance in respect of adjacenttalternate 
channel rejection is determined by the 
i.f. pass -band response characteristic 
which, for both tuner versions, is the 
resultant of two FM -4 ceramic filters in 
cascade. These components were also 
used by Nelson- Jones, and a curve 
showing the insertion loss for the 
combination appears in his original 
article. This gives the 3dB -down band- 
width as ±110 kHz, and off -tune loss 
figures of 40 dB at ± 200 kHz and 60 dB 
at ±280 kHz. Rejection of unwanted 
channels is thus more than adequate. 

Correction. In Fig. 1, March issue, the 
value of C12 should be 47nF and not 
47µF, R2 should be 1kS2 and not 100kí2, 
and D6 should be a 6.2V zener diode, 
labelled C6V2. Supply voltage to Fig. 4 

circuit is 13V and not 11V. 

(Literature 
Received 

Radio- frequency shielding materials and their use 
are treated in a simple manner in a handbook from 
Metex. R.f. gaskets are fully described in theory and 
practical applications data is provided, together 
with detailed information on shielded enclosure 
windows and ventilators for shielded cubicles. 
Walmore Electronics Ltd, 11 -15 Betterton Street 
London WC2H 9BS. WW401 

An application note on a thermal r.m.s.- to -d.c. 
converter is published by Burr -Brown. The device 
exhibits a thermal time -constant of 65ms and a 

characteristic which is linear and repeatable to 
within 0.05% over 30dB. It is still accurate to within 
2% at 100MHz. Applications include amplifier gaiq 
measurement, thermal protection and r.m.s. 
voltage regulation. Burr -Brown International Ltd, 
Permanent House, ly Exchange Road, Watford 
WD 1 7EB W W 402 

Aluminium aerial towers are the subject of a leaflet 
sent to us by Fred Franke Inc., PO Box 2806, 1639 
Old Dixie Highway, Vero Beach, Florida, USA. The 
towers are crank -up, extending types, forty, fifty or 
sixty feet in height and of triangular section, and a 

selection of bases and mounting brackets is 
described. WW403 

The British Standards Institution has published 
group 09:1976 of part 3 of BS4727, which is a 
glossary of terms used in waveguide engineering. 
The publication is obtainable from British Stan- 
dards Institution, Sales Department, 101 Penton - 

ville Road, London N1 OND at £3.10 by post. W W 404 

Relays with mercury- wetted contacts from Elliott 
are described in a biioklet which gives mechanical 
information and electrical characteristics of twelve 
ranges of relays. Application information on 
contact protection, screening, etc. is included. 
Elliott Relays, 70 Dudden Hill Lane, London NWIO 
1DJ. WW405 

Aerial information for equipment in the m w., v.h.f. 
and u.h.f. range is presented by Aerialite. The latest 
to be published includes a leaflet on indocr aerials, 
two on u.h.f. types and a description of the 
mounting accessories made by the company. 
Aerialite Aerials Ltd, Whitgate, Broadway, Chad - 
derton, Oldham, OL9 9QC. W W 406 

An f.m. radiotelephone is illustrated and described 
by Telefunken in a new leaflet. The 10- channel 
Teleport VII covers the 80MHz, 160MHz and 460 
MHz bands at 2.5W r.f. (1W at 460MHz). Bayly 
Engineering Ltd, 167 Hunt Street, Ajax, Ontario, 
Canada WW407 
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Research 
Notes 

Great balls of fire! 
According to a NASA report, glowing 
spheres have been noticed in almost 
half the cases where an observer 
happened to be very close to a stroke of 
lightning. The nature and indeed the 
very existence of this ball- lightning has 
been the subject not only of heated 
debate among theorists but more 
recently of some seemingly dangerous 
research in France. 

Scientists at the Commissariat à 
l'Energie Atomic (CEA) and Electricité 
de France (EDF) have been photo- 
graphing lightning discharges caused 
when rockets trailing thin steer wire 
were fired into thunder clouds. During 
the course of these experiments, some 
twenty artificial lightning strokes were 
produced and filmed. According to a 
report in Nature (vol. 257, no. 5523), 
triggered lightning, like upward natural 
lightning, begins with a slow discharge 
in the kiloampere range with a rise time 
longer than 10µs and a total duration of 
several tenths of a second. 

But although nothing resembling 
some of the more exotic stories of 
ball- lightning was noticed, there is now 
firm photographic evidence for balls of 
lesser degree. During some long- lasting 
lighting strokes ( >' /z sec) "luminous 
spheroids" some 40cm in diameter were 
observed towards the end of the dis- 
charge and, according to the French 
researchers, their properties are entirely 
consistent with those of hot blobs of 
gas. So it seems that lightning folklore 
and tales of monster blobs of plasma can 
still thrive on exaggerated stories of the 
one that got away! 

Fibre optics for chemists 
Readers of this journal won't need 
reminding that progress in fibre optics 
has now reached a point where 
"light- guides" are very competitive 
with r.f. waveguides for data transmis- 
sion. But if the highly critical design 
criteria for light -guides have provided 
headaches for some researchers, their 
less desirable properties have neverthe- 
less resulted in a highly sensitive 
method of chemical analysis. 

It's a form of spectrophotometry 
developed in the United States in which 
the transmission properties of a light - 
guide are intentionally altered by the 
presence on its surface of microgram 
quantities of the chemical being eval- 
uated. The refractive indices of the 
light guide and of a special polymer 
coating carrying the test chemical are 
so arranged that light is refracted in and 
out of the coating as it passes along the 
guide. In this way a small change in the 
optical properties of the guide /coating 
interface are amplified to a very consi- 
derable extent. So sensitive is this 
technique that polymers containing 
sub -microgram quantities of cyanide 
ion can alter the light transmission of a 
guide by over 50% compared with a pure 
polymer coating. (Nature, vol. 257, no. 
5528.) 

Natural magnetism 
attracts the birds 
Dr William Southern, an American 
biologist writing in Science (vol. 189, 
no. 143) has evidence to suggest that 
v.l.f. radio waves affect the migratory 
pattern of gulls. His experiments were 
conducted on frequencies around 50Hz 
using equipment which the US Navy 
has developed for submarine communi- 
cation (Project Sanguine). The birds, 
chicks a few days old, were taken from 
their colony several miles away and 
released near the transmitting aerial, 
some at times when the transmitter was 
operating and some when it was inac- 
tive. The birds released during 
non -radiating periods were found to 
migrate in a direction consistent with 
those in the parent colony, whereas 
during transmission the migratory 
pattern became completely random. 
These results add considerable weight 
to current theories that birds can 
orientate themselves to the natural 
magnetic field. (The writer however, 
has very little evidence that his amateur 
transmitting activities in any way deter 
marauding wood -pigeons!). 

Microminiature .. 
Picominiature .. . 

where next? 
A comparison of today's microproces- 
sor chips with bipolar transistors of only 
a decade ago might well convince even 
the most sceptical that pinhead -sized 
computers are merely a few years away. 
But before you go rushing out to buy 
the latest in 25 microwatt soldering 
irons (or perhaps commit suicide), be 
comforted: the end is nigh. A paper by J. 
T. Wallmark (Inst. of Physics Conf. Ser. 
No. 25, 133) concludes that by the time 
present -day circuit elements have been 
scaled down by about five times, i.e. to 
around 2µm, basic laws of physics will 
step into play and limit any further size 
reduction. The limitations according to 

this author lie not so much úï the 
technology necessary to produce finer 
and finer patterns, but intrinsic barriers 
such as insulation breakdown and 
excessive current density. One other 
major problem is that with diminishing 
size, local variations in the concentra- 
tion of doping atoms result in excessive 
spread of device characteristics. So, in 
the absence of any fundamental disco- 
veries in solid state physics, we might as 
well forget any dreams about unlimited 
pocket computer power - that is unless 
we're prepared for it to think slowly - 
like people. 

Grains of metal in an 
insulator 
Mixtures of conducting and non-con- 
ducting materials are interesting to 
solid -state physicists in their own right 
but are also now beginning to be used 
to make devices. Dr Ben Abeles and his 
co- workers at RCA Laboratories, 
Princeton, USA, have been exploring 
the conducting properties of films 
formed when metals, say gold, and 
insulating materials such as silica are 
sputtered together. The metal forms 
well -dispersed spherical particles in an 

'insulating matrix but the particles are 
close enough together that, even 
though they do not touch, electrons can 
tunnel between them. Tunnelling is a 
quantum -mechanical phenomenon 
which does not allow high current to 
flow but can be controlled more effecti- 
vely than metallic conduction. One new 
application for these effects is described 
in the announcement of a "granular 
metal semiconductor vidicon". In this, 
the light- sensitive target consists of the 
following layers deposited on a glass 
faceplate: transparent conductive tin 
oxide, cadmium selenide and granular 
metal, sputtered from a composite 
gold -silica target, to a thickness of 
400nm. 

As is usual in a vidicon camera, the 
target charges up in proportion to the 
light falling upon it and an electron 
beam is scanned over it as a means of 
reading out the charge pattern. The 
advantage over targets which have 
been used up to now, such as those 
which have the semiconductor left bare 
or others which have a pure silica layer 
over the semiconductor, is that the 
granular metal layer prevents blurring 
of the image (which occurs on the bare 
target because of excessive conductivi- 
ty) and it also eases the flow of image 
information to the electron beam 
(which is excessively slow for the 
pure -silica coated target). C. R. Wrons- 
ki, Ben Abeles and AI Rose, writing in 
Applied Physics Letters, vol. 27, 91 -92, 
put this more precisely, explaining that 
photo -generated holes have to be forced 
through the pure insulator under high 
fields, while tunnelling allows the same 
process to be done in the metal -filled 
insulator under much lower fields. 
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Letters to' 
the Editor 

J 

CONSULTANTS, 
PROSTITUTES AND 
CHAUFFEURS 

There is chalk and cheese, there are 
prostitutes and wives, there are also in our 
domain consultants and consulting engin- 
eers. As someone who, starting without the 
aid of either capital or contracts, has run a 
successful consulting engineering practice in 
telecommunications and electronics for 
rising twenty -five years, I feel I must 
comment on the article "The consultants" in 
your November issue. 

I have always felt that consulting must be 
done from the background of complete 
independence from commercial affiliations 
and any other loyalties. Independence means 
just that. If you are paid by someone else 
and /or use their property for your own 
purposes you have no higher status than the 
chauffeur who uses his master's Rolls for 
weddings and funerals while the latter is out 
of sight. 

I am not the least surprised that your 
correspondent has found such dissatisfaction 
with "consultants" - highly likely I would 
say - but give the real chaps a break. We' 
have had clients in all five continents. We 
have had large public companies in our 
domain - sometimes for a period of years - 
and they wouldn't come back if they were 
not satisfied, but it is true that more often 
than not they do not wish it to be known that 
they used us. 

The World Bank will not underwrite any 
engineering project without the imprimatur 
of consulting engineers. Surely this shows 
the value, the competence and status of the 
consulting engineer. 
C. A. Henn -Collins, 
Henn -Collins Associates, 
Castel, 
Guernsey. 

John Dwyer is deserved of high praise for his 
clearly written, unbiased, frank, fearless and 
interesting exploration into the ways and 
means of independent engineering consul - 
tants, and for illuminating certain dark 
corners. 

My own consultancy activities stem from a 
small family business and much of the 
money it makes is ploughed back into the 
purchase of new plant and equipment to 
enhance the value and quality of the work 
undertaken for our clients and readers of the 
hi -fi magazines in which our detailed review 

and test reports appear. In spite of the 
expensive plant we are obliged to purchase 
and maintain from our own resources, our 
fees are far more modest than those of the 
consultants referred to in the latter part of 
the article; and I feel that Derek Bond in his 
summing -up warning means "... if they're 
inexpensive (hot cheap) and good we'll use 
them... 

Like James Moir intimates, we are also 
experiencing the somewhat unfair competi- 
tion from college -based consultants, and 
were very surprised to read that equipment, 
plant and facilities from the public pocket 
are, in effect, being used in competition with 
the consultant who relies essentially on his 
fees for a living. It is noteworthy that North 
London Polytechnic at least has blocked 
one -third of the flow of money from 
'essentially college- financed personal enter- 
prises to private pocket, but this still 
nevertheless presumes that two- thirds of the 
money goes as a cheque into the bank 
account or as pound notes into the pocket of 
the consulting lecturer, etc. What about 
other polytechnic and colleges - is it 
accepted practice for all the income so 
derived to go to theicollege official? 

One might be inclined to say "so what, 
good luck to them' ¡, except for the startling 
attitude -reflecting statements, such as " . . 

money isn't the thing that counts . . ." (it 
may not be to the chap getting a fat salary 
from public funds for his twenty- six -hour 
week when it is purely pin money, but it 
certainly is to the, professional consultant 
working his hundred or more hours a week 
for possibly less money) and ". . . didn't 
charge nearly as much as outside consultants 
. . ." (a blatant. admission of unfair 
competition based on public money at the 
expense of the professional). 

Clearly, if all this is true, then the private 
consultant not in a position to command the 
use of thousands of pounds worth of 
equipment, plant and facilities at public cost 
for nothing is faced with overwhelming and 
singularly unfair cqmpetition. The deprecia- 
tion and running costs of a small lab could 
well be up to £10,000 per annum. Apart from 
having this sort of yearly expenditure 
immediately available for free the college 
chap would appear to acquire at least 
two -thirds of the consulting fee for himself 
(perhaps the whole,lot apart from NLP) plus 
his normal salary. What an incredible 
situation if it is really a fact! 

From the article' it appears as though it 
could be. The implication being that provided 
the NLP chap puts about one -third in the 
pool all is well. The article fails to say what 
happens to the pool of money - whether it is 
returned to thé public funds or shared out at 
Christmas time! 

Perhaps officials from colleges other than 
NLP who undertake such consultancies with 
the college's plant, facilities, etc, would care 
to clarify the scene, saying exactly where the 
client's money goes' and whether any charge 
is made to the consultant. 

I also often wonder what happens to the 
fees received by the technician, etc, for 
equipment reviews. he undertakes for the 
hi -fi magazines using college plant, equip- 
ment and facilities, as often indicated by the 
review. Does he charge less for the review 
than could a reviewer relying upon the 
income to live and pocket all the fee? Does he 
charge the full amount and return it to the 
public kitty; or does he keep some for himself 
and return some of the college? Then there 
are all the other researches written up in the 
magazines and paid for. Who gets the fees? 

Answers to questions like these are very 
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important to the private consultant who has 
to purchase and maintain his own lab and 
premises, pay the rates and rent, pay his own 
telephone bills, pay for his own heating, his 
own office and secretarial staff, who cannot 
advertise for business and cannot belong to a 
trade union, giving him some idea of the 
unfair competition he is now facing and how 
long he will be able to stay in business. 
Gordon J. King, 
Gordon J. King (Enterprises) Ltd, 
Brixham, 
Devon. 

WAS BAIRD FOOLING 
THE PUBLIC? 

The plea in your January issue for a "serious 
study of the business and technical aspects" 
of the 30 -line Baird activity may well serve to 
put an end to this confused affair. ( "John 
Logie Baird and the Falkirk transmitter," pp 
43 -46). Annotated references in the article to 
reputable proceedings about achievements 
are intended to convince but give to today's 
reader a false picture of the happenings of 50. 

years ago. It should be appreciated that Baird 
never successfully demonstrated television. 
Being without a method of synchronisation 
over a distance, there could be no such event. 
At every attempted demonstration this 
primary need had to be faced and contrived. 
The bringing together of radio transmission, 
in itself having ideal properties for television 
purposes, and the trundling mechanical 
image analyser, was quite incongruous. 

Proper electrical circuits for conveying the 
light values were not to be found in the 
various Baird set -ups. This was the time of 
early talking films and picture telegraphy 
when the stable photocell and bright 
recording lamp were both readily available. 
Baird claimed to use visual purple as the light 
sensitive material. 

"Fibre optics," a modern term of wide 
application, is brought into the article. True, 
the possibility of using a bundle of fine 
internally reflecting glass fibres for chan- 
nelling an image falling on a closely divided 
grid was well known, a scheme which avoids 
synchronising and light handling difficulties. 
The modern plastics as used in optical cables 
give a high degree of light insulation with but 
little loss, Fibre optics offer high definition 
remote viewing with the possibilities of 
image intensification. These things were not 
part of the Baird programme, being generally 
inapplicable to a radio service. 

Baird hoped to convey to the public with 
his inadequate devices that he was in 
possession of a commercial proposition of 
considerable potential value. This he aimed 
to sell by pretence and to that end demon- 
strations had to be conjured and reports by 
staff contributors commissioned for publica- 
tion. The pattern of the Wireless World. 
article, almost line by line, shows the marks 
of this policy. Displayed advertisements in 
the daily press of the time said "Television is 

Here." A "Home Televisor" appeared. so 
here all was revealed for public judgement. 
The "Televisor" was a typical well made, 
Plessey product. With a monitored signal 
input (Big Ben clock face) and in an equipped 
laboratory where auxiliary gear, by way of a 
heavy duty synchronising and vision ampli- 
fier was to hand, the Baird Televisor was 
shown to be a failure in fulfilling its intended 
purpose. 

This was the end of the 30 -line part of the 
story which is as far as your article goes. No 
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radio enthusiast was fooled. Radio societies; 
then much attended, were amused. Wireless 
World, always ready to pursue and report, 
remained silent. 
F. H. Haynes, 
Bovey Tracey, 
Devon. 

PHASE EFFECTS IN 
LOUDSPEAKERS 

It is, I think, generally accepted that phase 
distortion exists, inasmuch as it can be 
mathematically proven, or perhaps better, 
displayed on a c.r.t. It is also, I believe, 
generally accepted that the human brain in 
some mysterious way "integrates" the 
incoming signal in the same way as it does á 
harmonic interval, say a major third, to 
sound as it does and not as a c.r.t. shows that 
it should. In the same way (broadly 
speaking) a received mixture of primary 
colours is seen as a specific hue. At least, by 
most of us it is: there are those who do not 
have this ability visually, and it does not 
seem beyond belief that there are those who, 
similarly, lack the audio integrating function 
which most take for granted, but is not 
easily quantified in the same way as, say 
aural frequency response. 

I know, for instance, that my hearing cuts 
off above 17kHz, whereas 20 years ago it 
was 22kHz (when it was still kc /s) but this is 

an easily measured function. Perhaps we 
need a consultant neurologist to enter the 
discussion? 
A. J. Gamble 
Ormskirk 
Lancs 

The long dead and buried question of square 
waves not being heard differently when 
considerable phaseshift is applied to the 
different harmonics, is disinterred again. This 
despite the fact that no designer of linear 
phase speakers uses the argument that 
because of the ability of a speaker to 
reproduce a square wave it will sound better. 
This is always presented as just one means - 
and no more - to show that it really 
possesses phase linearity. It is a "tool" and 
nothing but a tool and presented as such. 

As to audibility of linear phase, Mr. 
Harwood (conveniently ?) completely ignores 
the articles on "Aural Phase Detection" in 
the Journal of the AES (vol. 22, Nos. 1 and 10) 
by V. Hansen and E. R. Madsen, which go a 
long way indeed to proving the importance of 
investigating this aspect in sound repro: 
duction. 

Quite different signals than square waves 
were extensively used, far more related to 
musical transient sounds. Altogether it was a 

very thorough investigation into human 
perception, with particular regard to the 
desirability of phase linearity in music 
reproduction. Far more convincing indeed 
than the questionable experiments by Mr. 
Harwood in which only NON linear phase 
seems to have played a part. 

Personally I had the opportunity of 
investigating loudspeakers that laid claim to. 
phase linearity, to a greater or lesser degree, 
from France, Germany, Denmark, Japan and 
England. Most of them first as prototypes 
and later on as the finished product. 

Perhaps the most striking experience was 
the first in which I and a few other selected 
people were able to compare two identical 
loudspeakers, identical as to size and units 
used, where the first was equipped with a 

carefully designed, but conventional 3 -way 
crossover filter, and the second with a filter 
that ensured linear phase from about 300Hz 
upwards. 

Although the first was judged to be a very 
good speaker of very wide response and an 
extremely well balanced sound, the differ- 
ence could be called enormous. Especially 
transient response was improved to an 
incredible extent. This concerns pure quality, 
but the other aspect, the stereo image, also 
changed in a startling way. By comparison 
the first pair (for pure quality only single 
speakers were compared) suddenly gave the 
impression of presenting a confused though 
reasonably wide stereo -stage with little 
depth. 

In the meantime I have listened to, and 
tested extensively, the other ones mentioned. 
It cannot just be a coincidence that five (!) 
loudspeakers from five different countries 
ALL showed the same striking improvement 
in transient response. The last, one of British 
origin (this cannot be any other than the 
DM -6 of course) being an absolute winner 
and in some ways even beating an electro- 
static speaker. 

Yes, square waves too! In all cases I was 
able to make oscillograms in an ordinary, but 
well damped room, of square waves with the 
microphone at 1 m distance. Again, no proof 
of better music, but of linear phase. Single 
sinewave pulses, and /or half waves have 
proven to be of more use to confirm in 
technical tests, qualities heard with music. 
Symmetry and ringing can be judged over 
the whole frequency range and in my 
experience are in 90% of the tests, consistent 
with subjective experiences. In the case of 
p.l. it is moreover remarkable to observe the 
steady position of the reproduced pulse when 
the microphone is moved vertically, no 
significant phaseshift can be observed, even 
in crossover regions. 

The transfer function of any link in a 

reproduction chain should be described by its 
frequency and phase respònse; without linear 
phase accurate reproduction of waveshapes, 
and envelopes is impossible. To state that this 
is of no importance takes someone of perhaps 
great bravery, but more likely, one with 
prejudices who still thinks of music in terms 
of simple sinewave structures in which 
simple evenly related harmonics play a part 
only. It is of course, in particular, the 
transient nature of most musical sounds, 
with its highly complicated structure that is 
so important to reproduce well. Any system 
that shows large improvements in transient 
handling should be taken very seriously 
indeed, if of course all the other long known 
important parameters are not neglected. 
Signs of this were found in some of the 
prototypes, where some preoccupation with 
phase made bass or treble suffer. Not 
however apparent in most of the finalized 
deisgns. No, if Mr. Harwood were right, a 
lot of music should be rescored to fit his 
conclusions! 

The linear phase loudspeakers I was 
privileged to handle proved to me and all my 
"guinea pigs" beyond all reasonable doubt 
that it is an important step forward in 
striving for perfection. 
J. Kool, 
Technical Editor, 
Luister 
Amersfoort, 
Holland. 
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While I have to admit that H. D. Harwood's 
article on the Audibility of Phase Effects in 
Loudspeakers (Wireless World, January 
1976) was scrupulously fair with regard to 
the facts, I would venture to suggest that a 

good deal of emotional weight went behind 
the thesis that phase -linear speakers are a 

'con'. For readers interested in the other side 
of the coin, could I perhaps publicize an 
article of mine (1976, Hi -Fi News Annual) in 
which some of the recent evidence demon- 
strating the ears' sensitivity to phase effects 
is presented in detail. I have also outlined 
there the way in which this evidence has 
modified current thinking about the 
mechanisms involved in the ear /brain 
hearing system. 

However, rather than becoming 
entrenched in our own respective camps and 
flinging mud at the opposite side, it seems to 
me that the way forward is to accept the 
findings of both sets of experimenters, and 
look for an explanation which admits of both 
results. 

Let me summarise the two, apparently 
mutually exclusive viewpoints. On the one 
hand the psycho- acousticians (if they'll 
forgive the phrase!) have shown that in 
special circumstances and with special kinds 
of signals, the ear is capable of detecting 
'phase distortion'. The audio -engineers, on 
the other hand, have demonstrated many. 
times that on typical programme music, 
phase shifts go unnoticed. Could there be an 
explanation which is consistent with both 
these results? Consider the following. Sup- 
pose that the transmitting of information is a 
bit like playing 'Scrabble' (to steal a Magnus 
Pyke -ism), and suppose that phase shifting is 
a bit like rearranging the orders of the letters 
in the words. If I were now to ask my 
audience to compare the sequence SEPAH 
with the phase -shifted sequence ASHEP, 
they might well retort that the information 
conveyed by both sequences is zero, and that 
therefore, in information terms, both these 
sequences are identical. If, however, I 
presented them with the sequence PHASE, 
comprehension might dawn! 

In other words, if the phase information in 
a signal is already jumbled, a re- jumbling 
could well make no difference at all to our 
perception of the signal - the brain just 
rejects the phase -information channel, and 
derives instead, as much information as it 
can from other channels. If though, the phase 
channel is pregnant with information (e.g. 
the phase relationships are undistorted from 
source to detector) the brain might just be 
able to put this information to good use. 

In terms of audio -programme material, the 
initial jumbling of phase information occurs 
long before the signal reaches the speaker - 
it occurs whenever a multi -mike recording 
technique (with its attendant mixer desks 
and pan- potted imaging) is used. What does a 

bit more phase -jumbling at the speaker end 
matter here ?! 

It has been argued that phase distortion 
occurs even before the microphone stage, 
because multiple room -wall relections (the 
ingredients which make for a satisfactory 
reverberent acoustic) generate a resultant 
pressure wave at the microphone (or ear) 
which has a time profile dependent on the 
position of the source, the properties and 
positioning of the reflecting surfaces in the 
room, and the position of the listener. If the 
phase information really is lost at this stage, 
then phase- linear- anthings really are a con. 
(And that includes square -wave tested 
amplifiers too!) It would appear, however, 
(even though the experimental evidence is as 
yet very tentative), that the ear /brain is. 
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capable of distinguishing between direct and 
reflected sound. If this result is confirmed, we 
can see that the relative phase of the source's 
harmonics is preserved in the direct sound 
reaching the ear. What is more, comparison 
of the phase information in the direct sound 
with that in the reflected sound might be an 
important direction -locating mechanism in 
the 'live' acoustic of the concert hall. 

In the meantime, I'm not averse to any 
development which reduces the phase 
distortion properties of the recording chain, 
as long as I am not charged exhorbitantly for 
the privilege. 
K. A. Hodgkinson, 
Open University, 
Milton Keynes. 

In Mr Harwood's article, and in the view of 
many other eminent men in the audio field in 
the "anti- phase" lobby, one factor stands out 
as the fundamental argument - that until 
someone can demonstrate that phase 
response is important to sound quality on 
musical signals, they will continue to believe 
that phase is unimportant. Often this is 
accompanied by details of experiments 
"proving" that phase distortion is inaudible, 
and sometimes the nature and conditions of 
the experiment give the impression that the 
proof of a predetermined objective was the 
purpose of the test. The debate on phase is 
not going to end unless those who are 
primarily interested in high quality sound 
reproduction rather than pro- or anti -phase 
arguments, come to conclusions based on 
unbiased listening tests conducted under fair 
conditions. 

There can be no doubt that since linearity 
of phase response is fundamental to 
recreating the original wave shape received 
at the microphone, it can be no disadvantage 
to eliminate phase distortion throughout the 
reproducing chain, including the loud- 
speaker. It can conceivably be argued that a 
limited amount of phase distortion is not 
detectable by the ear, but it has been 
conclusively established by, amongst others, 
telephone companies that large amounts of 
frequency dependant time delay (phase 
distortion) can not only distort speech, but 
make the human voice totally unintelligible, 
and phase correctors have to be used in 
long- distance cable communications. Thus, 
the debate really centres on how much phase 
distortion is detectable by the ear, and 
especially whether the amount and quality of 
phase distortion in conventional loud- 
speakers is above or below this limit. It will 
serve no purpose to add to the debate by 
quoting experiments, or arguments about 
phase distortion. But a certain amount of 
care must be taken in listening tests, without 
which tests would not be valid. 

To start with, testing for wave shape 
distortion with a microphone in a living room 
is extremely misleading. Reflections from 
room walls picked up by the microphone are 
indistinguishable from the direct sound, 
whereas the ear finds it quite easy to 
concentrate on the direct sound, presumably 
because of the slight delays that occur. Thus 
while we prefer certain acoustic conditions 
to others in particular cases, one can always 
recognise a voice or instrument, irrespective 
of its environment. In order to test with 
musical signals, a primary condition must be 
that the source, together with the reproduc- 
ing chain, must have a linear phase response. 
If one were conducting a test to find the 
limits in variation of frequency response in a 
loudspeaker, before the difference became 

audible compared to a flat frequency 
response, one would naturally arrange for 
the music source to be recorded with 
microphones that also had a flat frequency 
response. 

Similarly, if phase distortion is under test, a 
sound source and reproducing chain which 
do not have a linear phase response will mask 
the phase distortion originating in the 
loudspeakers. If in addition one is used to the 
type of sound reproduced by a high quality 
system, one can quite easily be misled into 
believing that phase is unimportant. This is 
not to say, as everyone will agree, that 
reproduction is perfect. No one, to the best of 
my knowledge, has any doubt that the finest 
system in existence is still imperfect. 

It is, however, unwise to reject phase, as 
one of the factors giving rise to imperfections 
without comprehensive tests under relevant 
conditions. A musical source with undistort- 
ed phase response may be difficult to find 
among commercial sources. One suitable 
method of recording such a signal for test 
purposes would be a mono recording using a 
single high quality microphone and a high 
quality tape recorder. 

Finally, as the purpose is to judge the effect 
of phase distortion only, and not the quality 
of the reproducing chain, it is relevant to 
point out that no two loudspeakers sound 
exactly alike. To make an A -B comparison, 
therefore, only one loudspeaker should be 
used, and this must be one with a minimum 
of conventional faults. In addition, it must 
have linear phase response. Phase distortion 
can be added easily by an electronic phase 
shift unit, at a high impedance stage of the 
amplifier. 

Phase distortion, artificially introduced, 
should reflect the characteristics of conven- 
tional loudspeakers. Thus, with conventional 
crossover, or non -staggered units, phase 
rotation is limited in angle and the frequency 
region it occurs. Thus a second order filter 
network has a 180° rotation and a third order 
360 °, in both cases the rotation occurs mainly 
in the two octaves on either side of the 
crossover frequency. Mr Harwood's all -pass 
networks have a constant rotation of 30 °, 
60 °, and 90° per octave, which do not have 
the same characteristics as any known 
loudspeaker. This alone invalidates Mr 
Harwood's tests as far as loudspeakers are 
concerned, but experience in this field shows 
that even this kind of steady rotation can be 
heard under the right test conditions.' 

It should be noted that phase distortion is 
not something that is easily recognised, as we 
are not conditioned to listen for phase -dis- 
torted sound. Differences between live and 
reproduced sound can too easily be attribut- 
ed to other causes, without recognising the 
influence of phase. The relevant criterion, in 
the first (instance, must therefore be that a 
difference should be heard in an A -B test 
between distorted and undistorted sound. 
The relevance of phase distortion in sound 
reproduction will then have been established. 
S. K. Pramanik, 
Bang and Olufsen a /s, 
Denmark. 

CURRENT DUMPING 
AUDIO AMPLIFIER 

Mr Walker's ingenious "current dumping 
circuit" (Wireless World, December 1975, 
p.560) undoubtedly is one way of solving the 
difficult problem of cross -over distortion in 

Wireless World, April 1976 

amplifers. The only claim I would reject is 
that it is "feedforward ". 

An essential feature of feedforward is 
freedom from interaction; i.e. the voltage at 
the emmitters of Tr,, Tr2 (Fig 2, p.561, 
December 1975, WW) should have no effect 
at the output point of amplifier A. This basic 
criterion is not met. 

The equation given in Fig. 1: 

13= (Vin -14Z4) 
Z2 Vin 

ZI Z3 Z3 

confirms this. 
Feedforward can very easily make distor- 

tion worse; indeed I have no doubt that Black 
found this when his amplifiers went out of 
adjustment, which may be why when he 
discovered negative feedback he abandoned 
feedforward. 

To make feedforward work another ingre- 
dient is necessary - that of "rigidity of 
interconnection" (Fig. 2, October 1974, WW 
p.367), i.e. that the error voltage at the output 
of the main amplifier A, should be rigidly 
interconnected to the output of the subsi- 
diary amplifier A2 Vdso that its waveshape is 
accurately reproduced. For this reason it is 
important not to add transformers outside 
the negative feedback loop. 

These two principles together produce 
"error takeoff" which has the ability to 
reduce distortion by an arbitrary amount and 
at the same time maintain stability. 

Mr Walker's circuit in my view is an 
effective application of negative feedback. 
A. Sandman, 
Royal College of Surgeons, 
London, WC2. 

Mr Walker replies: 
The feedforward ancestry of current dump- 
ing can be clearly seen if we disentangle the 
circuit to show the error amplifier and the 
main amplifier as separate entities. This is 
shown below. 

The bottom amplifier has a mutual 
conductance, Gm) feeding current into the 
load via resistor R. Current feedback 
developed across R is fed back to its input. 
The top amplifier is the "error" amplifier and 
has a mutual conductance Gm feeding into 
the same load. The differential inputs of the 
two amplifiers are commoned. 

The total current in load is V'Gm,+ V'Gm2 
But V' = V,° - V'Gm2R. Therefore we can 
write the load current as (Vi° - V'Gm2R)Gmi 
+ V'Gm2 If we now arrange that R = 1 /G m, 

we then have a load current: - V,G m, - V'G m2 

+ VG m2 = V, °Gm, Note that dependence on 
G m2 has completely disappeared. 

If Gm2 is very much larger than Gm,, the 
bottom amplifier will provide most of the 
current and hence the power to the load. 
Since its mutual conductance does not 
appear in the transfer characteristics its own 
distortion will not appear in the load. This is 
not a result than can be expected from 
conventional feedback. We call it feedfor- 
waru because the error correcting current is 
added in the load outside the feedback loop. 
(There is no current interaction). 

Now suppose the top amplifier is replaced 
by an amplifier of rigidly fixed voltage gain 
feeding its output into the load via a resistor. 
It w ill still have a fully defined overall Gm and 
operate as before. However, the top amplifier 
nov has an accessible output point of fixed 
voltage gain relative to its input and this can 
therefore usefully be used as the drive point 
'for the bottom amplifier. 

1 ins combining of error amplifier and drive 
amplifier brings us to Fig. 1 of the original 
article. I believe the reasoning to be clear 
from that point on. 
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appear to support the claim; they are, 
however, correct only if there is no p.d. 
between the inputs of the driver amplifier A, 
i.e. if it has infinite gain. The text implies that 
this is indeed the intended assumption. In 
that case the benefits attributed to the circuit 
reduce to the familiar assertion that the 

V'Gm2 distortion can be made negligible by huge 
Vin 

Gm 

Gm 

error 
amplifier 

, 

V Gmi 

f main 
amplifier 

R 

I--VGm2R 

load 

amounts of feedback, and it has yet to be 
shown that Fig. 1 possesses any unique 
property making is easier than usual to do 
this. 
J. Halliday, 
Winchester, 

O T Hants. 

Mr Walker's amplifier shown in basic 
form. 

Mr Bennett's suggested circuit. 

I have recently made a more rigorous 
analysis of the behaviour of the "current 
dumping" amplifier than that presented by 
Mr P. J. Walker in his December article, and 
several interesting properties were brought 
out. 

First there are distortion terms which áre 
not removed by setting Z1Z3= Z2Z,using the 
notation of Mr Walker's article. For Fig. 1 of 
that article, 

AV,(Z, +Z2) + A(Z,Z 2Z 4)14+ 

1` Z3[(A +1)Z, +Z2] 

Zg, +Z2)1, 

Z3[(A +1)Z, +Z21 

To obtain some judgement of the importance 
of the third term, use the circuit values in the 
original Fig. 2, and worst -case 5% tolerance 
components, as suggested by Mr Walker. If 
A =104, then the third term dominates 
distortion below 2.5kHz. Incidentally, 
another distortion term would be introduced 
in Fig. 2 by the use of voltage gain as 
indicated. 

Now the situation is not so severe in the 
Quad 405 where inspection reveals A is of the 
order of 106 Also it is important to note that 
the contribution of 1, is not the same as 
cross -over distortion, for in this case the 
problem may be reduced by feédback, 
whereas when the output transistors of a 
class B amplif er are switched off, the 
feedback loop is powerless to compensate. 

The final poi t, and perhaps the most 
interesting, is to consider what happens 
when Z2 and Z4 are removed and short -cir- 
cuited respectively, thus: 

ILZL =A ( Vin 
ZKILZL 

13Z3 
Z+ZK 

(Z (Avin-I3Z3) 
(A +1)ZK +ZL 

Thus this configuration has no feedback 
components tolerance problems, does not 
need a power inductor, and there is no third' 
distortion term due to the presence of Zk. 

The Z313term is of equivalent effect to the 
ZíZ, +Z2)I4term in (I), and thus, given an A 
of order 106 may be reduced to similar 
insignificance. 

J. G. Bennett, 
Cambridge 

There appears to be Some mystification 
surrounding Mr Walker's new amplifier 
circuit described in the December 1975 issue, 
pp. 560 -562. Consider his Fig. 1. It is a power 
amplifier in which part of the load current (1,) 
comes from the unbiased emitter -followers 
via Z4 and the remainder (I3) from the driver 
amplifier via Z3 At the central junction of the 
potential divider Z, -Z2 a feedback voltage is 
derived, which if the divider ratio is correct 
(Z ,Z2 =Z413) depends only on Ì3 +1, i.e. 
on the total output current. This is not a very 
special achievement - normally such a 
voltage would be obtained more straightfor- 
wardly across a small resistor in series with 
the load below the junction of Z3 and Z,. 

Having established that the voltage fed 
back is linearly related to the output current, 
he proceeds by implication to the quite 
different claim that the forward response is 
linear. There seem to be no grounds for this 
assertion. In the basic amplifier without 
feedback it is far from true in the floating 
input configuration of Fig. 1 (with the values 
suggested) the transconductance increases 
by up to a hundredfold when the transistors 
turn on - and the application of feedback will 
reduce the distortion only to the extent 
expected in any feedback amplifier. 

The various voltages marked on Fig. 1 do 

Mr Walker replies: 
Asking the reader "for the time being" to 
assume the gain of amplifier A to be 
completely defined by its external impe- 
dances Z, and Z2 was, I thought, a conven- 
ient way of defining a finite gain (of around 
100 in Fig. 1) and was not intended to imply 
infinite loop gain in a practical case. For any 
finite gain for amplifier A it is necessary to 
change the component equation to give the 
equivalent of a true "virtual earth ". Thus for 
a gain of A, the real equation for balance 
becomes 

Z3 Z2A 

4 Z,(A+1)+Z_ 

and indeed if this is applied to Mr Bennett's 
formula for the load current, it will be found 
that terms involving 14 disappear. 

It is this possibility of reducing the output 
stage distortion to zero (without calling on 
infinite loop again) that distinguishes this 
circuit from those in which feedback only is 
applied. 

Mr Bennett's suggested circuit employs 
feedback in the conventional manner. The 
circuit principle is found in several excellent 
commercial amplifiers and, as Mr Bennett 
rightly points out, if enough feedback is 
applied the distortion becomes acceptably 
low. 

SUPPRESSOR FOR 
TV COMMERCIALS? 

On reading about Ceefax and Oracle it 
occurred to me that there are some other 
useful pieces of information which could be 
added to TV signals. I refer to the nature of 
the transmission, especially advertisements. 
It would be possible to have various codes 
for different types of advertisement, and for 
sets to be fitted with a fairly simple decoder 
which would. at the selection of the viewers, 
mute the sound and /or blank the vision 
during transmissions. 

Supporters of commercial TV have for 
long assured us that viewers enjoy 
advertisements. Now is an opportunity for 
them to show that they believe what they 
say, as if they oppose this suggestion it will 
be clear evidence that their policy is to take 
our minds by force. 
Robin A. Hoare, 
Howick, 
Auckland, 
New Zealand. 

Editor's note: Correspondence on "Electro- 
dynamically induced e.m.f. "will be resumed 
in a later issue. 
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Time -code receiver clock 
Construction, alignment and operation 

by A. F. Cross, B.Sc. 

Thames Television Ltd 

The power supply for the time -code 
receiver clock, shown in Fig. 15, 
requires little explanation. The nominal 
d.c. voltage across C37 is 10V on load, 
and this can be used to supply the 
display. The 10V rail feeds the mono- 
lithic voltage regulator IC40, which has 
an output preset to 5V, and a current 
output capability in excess of 1A. A 
heat -sink is required for the regulator. 

Construction 
The author's aim was a conveniently 
small clock, and for this reason a 
compact layout has been adopted. 
Apart from the power supply, the clock 
has been constructed on one matrix 
board loin x bin, resulting in overall 
dimensions of 14in x 7in x 21in. 

Care should be taken with the layout, 
and the power supply connections 
should be as short and substantial as 
practical e.g. at least 20 s.w.g. on the 
board. It is good practice to decouple 
the supply rail to the integrated circuits 
at regular intervals; a lOnF ceramic disc 
per 'integrated circuit is ideal. Logic 
wiring should be no longer than neces- 
sary, and compact construction of the 
receiver will minimise the effect of 
interference from the logic. Earthing of 
the zero -volt line is important, prefera- 
bly to a single point on the chassis. For 
this reason it is desirable to isolate the 
aerial coaxial socket, the 5V regulator 

T3 

can then become the common earth 
point. 

The displays are mounted in d.i.l. 
sockets fitted to a small piece of matrix 
board, and interconnected using thin 
single strand insulated wire. The wiring 
details of the ferrite -rod aerial are 
shown in Fig. 16. The rod may be housed 
in a plastic or cardboard tube, along 
with the tuning capacitors which 
should have short connections to the 
coil. A screened cable should be con - 
nected as shown, close to the coupling 
coil. The siting of the aerial should not 

plastic or 
paper tape 

miagonsamall 
Bin x 5116in 
ferrite rod 

C1 

3 

be critical except in areas of low signal 
strength; however, placing it within six 
inches or so of the clock does result in a 
degradation of the signal due to inter- 
ference from the power supply. Gener- 
ally it is more convenient to separate 
the aerial from the clock so that it may 
be independently rotated for the best 
signal. The capacitors across the pri- 
mary windings are a parallel combina- 
tion of a nominal 4n7 capacitor plus a 
smaller value for trimming. The final 
adjustment of resonant frequency is 
made with the coil adjuster core. 

111111111111111111111 

IIIIIIIIIIIIIIIIIIIIII 

screened downlead 
connected close to 

coupling coil 

111IIIIIIIIIII 
=III -- 

ppp11 p1 IIIIIIIIIIIIIIIIIIIII 

111111I51IIII11I 

single layer winding 
30turns 26s.w.g.e.c.w. 

wound on top of tuned winding 

Fig. 16. Ferrite -rod aerial constructional 
details. 

single layer winding 
300turns 36s.w.g. e.c.w. 

close wound at centre 
of rod 

3ftriiitsdea,nv a-,.-.ar_recrw5s.s:;,; 

Fig. 15. Power supply. The 5V regulator 
requires a heatsink as specified in the 
components list. 

E 
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Alignment 
There are several adjustments to be 
made before the clock will function 
correctly. These are; tuning of the 
ferrite -rod aerial, alignment of the two 
tuned amplifier stages, adjustment of 
the muting level, adjustment of J the 
crystal oscillator frequency, and the 
setting of the two monostable periods. 

The a.g.c. used in the receiver 
must be disabled before accurate 
alignment is possible. For the initial 
tuning, however, there will probably be 
insufficient output to operate the a.g.c. 
system and the amplifier will be operat- 
ing at maximum gain. An oscilloscope 
should be connected to the collector of 
Tr3. The adjusters for T1 and T2 should 
be set about half way. With the ferrite 
rod placed roughly "broadside" to 
Rugby, the aerial trimmer C2 should be 
adjusted over its range until a 60kHz 
signal is observed on the oscilloscope 
(this may be only a few millivolts). T1 

and T2 are now adjusted for maximum 
output. When the output has reached 
about 600mV peak -to -peak, the a.g.c. 
loop will start to operate. To disable 
this a 47142 potentiometer should be 
connected between the collector of Tr4 
and zero volts. This is now adjusted to 
give an output between 100 and 200mV 
peak -to -peak. Fine adjustments to all 
three tuned circuits can now be made, 
adjusting the potentiometer as neces- 
sary to maintain the output below 
200mV. When tuning is complete the 
potentiometer is removed; the output 
should increase to between 600mV and 
800mV peak -to -peak. (The positive 
peaks will be somewhat flattened due to 
non- linear loading of the output.) 

Muting level is set by adjusting R73. 

(With the receiver correctly aligned, the 
carrier indicator lamp should be flash- 
ing with the breaks in the carrier.) 
When R73 is set to maximum resistance 
the muting level is at a minimum, i.e. 
relatively weak signals can be received 
without the muting circuit inhibiting 
the demodulator. This means; however, 
that in areas prone to radio interference, 
such interference may be df a level 
which prevents the muting circuit from 
operating when Rugby is not transmit- 
ting. If the normal signal strength is 
good, the muting level can be raised to 
reject the interference. 

The oscillator is easily set to the 
correct operating frequency, using the 
received 60kHz carrier as a reference. 
The output of the first decade divider 
after the oscillator (pin 11, IC21) provides 
a 10kHz signal; this is used to trigger an 
oscilloscope with the timebase set at 
about 5µs /cm. Displaying the signal on 
the collector of Tr3 in the receiver 
should produce a stable 60kHz trace 
which drifts slowly across the screen. 
The trimmer, C28, is now adjusted for 
minimum drift. Because one cycle of the 
60kHz carrier has a period of 16.7µs, a 
figure for the accuracy can be deter- 
mined. A relative drift of one cycle per 
second represents 16.7µs per second or 
16.7 parts per million. Ideally the 

oscillator should be set up to better than 
one part per million which requires that 
the relative drift be one cycle of carrier 
in not less than about 17 seconds (the 
breaks in the displayed carrier provide 
convenient one second pulses for timing). 

The adjustable monostable periods 
can be set up using an oscilloscope with 
a well- calibrated time base (an excellent 
calibrator is the crystal oscillator and 

Fig. 17. Connection details for integrat- 
ed circuits. 
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divider chain). The demodulated carrier 
will normally trigger the monostables 
once per second. The final adjustment 
should be made by comparison with the 
received control pulse once per minute. 
The end of the 25ms off period (preced- 
ing the control pulse) should fall in the 
middle of the 4ms low pulse on the 
collector of Tr12; R74 is adjusted to 
achieve this. The end of the 20ms 
control pulse should fall in the middle of 
the 4ms high_ pulse on the collector of 
Trio; only R75 should be adjusted for 
this. 

+5V +5V 
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Operating the clock 
When the clock is switched on the 
disparity lamp should light, along with 
the carrier lamp which flashes in 
sympathy with the signal. Besides the 
one -second pulses, the time code should 
be seen as a brief flicker each minute. 
The other coded information may also 
be noticed: firstly, the atomic /astrono- 
mic time -difference code, which is 
transmitted as a double break in the 
carrier in some of the seconds in the first 
quarter of each minute. This code 
changes from week to week as the 
difference varies. Secondly, in the last 
five seconds of every hour, the modula- 
tion is changed to the station call sign 
(MSF) transmitted twice in Morse code. 
Until the first code is correctly received, 
the clock display remains blanked. 
Upon recognising a control pulse the 
code lamp should flash, the disparity 
lamp should go off, and the display 
should show the received time code 
(subject to the GMT /BST switch). The 
disparity light may come on again if 
either a spurious signal is recognised as 
a control pulse (followed by correct 
spurious parity), or if the time code is 
incorrectly received (but again with the 
correct detected parity), or if the 
contents of the display dividers become 
corrupted by, for instance, momentary 
loss of power. For the displayed time to 
become corrupted by received 
interference, several coincidences must 
occur; two false control pulses need to 
be recognised with no intervening 
correct code, also, both false pulses 
must be followed by correct parity 
before they are acknowledged by the 
control logic. Although the chance of 
this happening is increased when the 
transmitter is switched off, the system 
has been found to give satisfactory 
results in most environments. 

The author wishes to thank Mr J S 
Sailsom, OBE, former director of Stu- 
dios and Engineering, Thames Tele- 
vision, for permission to publish this 
article, and Mr B G Scott, chief engin- 
eer, for his encouragement and the use 
of facilities for the project. 

Points arising 
Because of a change in the transmission 
specification the following points 
should be noted. In Fig. 1 the parity bit 
was shown as a 1, this is now a 0 and, as 
a result, the parity check from IC12a 

(Fig. 7) is taken from the Q output. If the 
received parity in the flip -flop is correct 
the final state is now Q = O. 

In the parts list IC2 was shown as a 
quad two -input NAND gate package. In 
Fig. 9, 11 sections a and b of IC2 are 
shown as inverters. These are realised 
by connecting the two inputs of the 
gates together which then function as 
inverters. 

( Meetings 

LONDON 
1st IEE - "Electrical engineering and medicine" 

by Dr D. W. Hill at 18.30 at Savoy PI., WC2. 
6th. IEE - "Position control of floating 

structures" by P. H. Barton at 17.30 at Savoy Pl., 
WC2. 

7th. IEE - "The history of transmitters - some 
aspects of early radio" by R. F. Pocock at 17.30 at 
Savoy Pl., WC2. 

7th. BKSTS - "What are audio visuals ?" at 19.30 
at Thames Television Theatre, 308 -316 Euston 
Road, NW1. 

12th. IEE - "Digital systems representation" by 
S. Y. Foo at 1&30 at Savoy Pl., WC2. 

13th. IEE - Colloquium on "Earth leakage 
protective devices" at 10.30 at Savoy PI., WC2. 

13th. IEE - Colloquium on "Theory and 
operation of Read type IMPATTs" at 14.30 at Savoy 
Pl., WC2. 

13th. AES - "Developments in noise reduction 
techniques" by speaker from Dolby Laboratories 
Inc. at 19.15 at the IEE, Savoy Place, WC2. 

14th. IEE - Colloquium on "Evaluation and 
experience of high level languages for process 
control computers" at 10.30 at Savoy Pl., WC2. 

20th. SERT - One -day seminar on "Applications 
of computers" at the IEE, Savoy Pl., WC2. 

21st. IERE - Colloquium on "Automatic 
production" at 14.00. 

21st. BKSTS - "Video tape recording today and 
tomorrow" by L. H. Griffiths at 19.30 at Thames 
Television Theatre, 308 -316 Euston Road, NW1. 

26th. IEE - "History of magnetic sound 
recording" by B. Lane at 17.30 at Savoy Pl., WC2. 

27th. IEE - Colloquium on "Paging systems" at 
Savoy Pl., WC2. 

29th. IEE - Colloquium on "Parallel digital 
computing methods: d.d.as and stochastic comput- 
ing at 10.30 at Savoy Pl., WC2. 

29th. IERE - "A novel approach to marine 
surveying" by J. M. Thompson at 9 Bedford Sq., 
WCI. 

30th. IEE - Discussion on "Part-time undergra- 
duate degree courses in electrical engineering" at 
17.30 at Savoy Pl., WC2. 

BELFAST 
13th. IEE - "Integrated circuits for communica- 

tions" by S. J. Laverty at 18.30 at Ashby Institute. 

BIRMINGHAM 
7th. IEE - "Train control, developments on 

British Rail" by J. W. Birkby at 18.30 at Sumpner 
Building, University of Aston, Gosta Green. 

14th. RTS - "The other side of the camera" by 
Tom Coyne at 19.00 at BBC Broadcasting Centre, 
Pebble Mill Road. 

BLETCHLEY 
8th. IEE - "Tomorrow's world and microwave 

communications" by P. J. Mountain at 19.30 at Post 
Office Training Centre, Horwood House. 

BRIGHTON 
13th. IEE - " Electro- acoustics" by Prof. E. Ash 

at 19.30 at the University of Sussex. 

BRISTOL 
5th. IEE - "Automobile Electronics" by C. S. 

Rayner at 18.00 at Mercury House, Bond Street. 
8th. IEE - "Electronic calculators" by B. Clarke 

at 19.30 at Queens Building, Bristol University. 
28th. IEE /IERE - "Marine electronics" by 

speaker from Marconi International Marine Ltd. 
28th. IEETE - "Programmable logic controllers" 

by C. C. Cargill at 19.30 at Royal Hotel, College 
Green. 

BURY ST EDMUNDS 
7th. IEE - "Police Research" by B. J. Blain at the 

Angel Hotel. 

DERBY 
6th. IEE - "Automobile electronics" by D. B. 

Hodgson at 19.00 at the Lecture Theatre, College of 
Art and Technology, Kedleston Road. 

DUBLIN 
8th. IEE - "Electronic aids for medical studies" 

by Dr E. T. Powner and P. J. Best at 18.00 at Physics 
Laboratory, Trinity College. 

DURHAM 
5th. IEE - Exhibition and "Telecommunica- 

tions; past, present and future" by W. J. Bray at 
Durham Castle. 

EASTBOURNE 
8th. IEETE - "Royal Greenwich Observatory" 

by G. H. Gill at 19.30 at The Drive Hotel, Victoria 
Drive. 

EDINBURGH 
8th. IEE - Symposium on "Further develop- 

ments of applications of micro- computer systems" 
at 9.30 at Heriot Watt University, Grassmarket. 

23rd. IEE - Faraday Lecture on "The entertain- 
ing electron" by F. H. Steele, afternoon and evening 
at The Usher Hall. 

GLASGOW 
21st. IEE - Faraday Lecture on "The entertain- 

ing electron" by F. H. Steele in the evening at The 
Kelvin Hall. 

HATFIELD 
6th. IEETE - EASCON 76 one -day conference 

"Links: education - employment" at Hatfield 
Polytechnic. 

KINGSTON- UPON -THAMES 
1st. IEETE - "The testing of electrical household 

appliances" by M. H. Hewett at 19.30 at Kingston 
Polytechnic, Penrhyn Road. 

LIVERPOOL 
5th. IEE - "Music hath charms ..." at 18.30 at 

the Department of Electrical Engineering, Liver- 
pool University. 

LOUGHBOROUGH 
27th. IEE - "Introduction of adaptive control 

techniques into areas of classical control" by J. R. 
Wolton at 19.30 at Lecture Theatre J002 Ed., 
Herbert Building, Loughborough University. 

MANCHESTER 
14th. IEE - "Microprocessors" by Prof. D. 

Aspinall at 18.15 at the University of Manchester. 

MIDDLESBROUGH 
7th. IEE - "Rapid fault finding techniques to 

minimise down time" by R. H. Baulk at 18.30 at 
Cleveland Scientific Institute, Corporation Road. 

NEWCASTLE -UPON -TYNE 
12th. IEE - "Colour TV -a popular approach" 

by G. D. Barnes at 18.30 at Room L101 Merz Court, 
University of Newcastle -upon -Tyne. 

27th. IEE - Faraday Lecture on "The entertain- 
ing electron" by F. H. Steele, 19.15 at City Hall. 

NOTTINGHAM 
6th. IEETE - "Computerised control of Not- 

tingham traffic" by M. B. Tate at 19.00 at New 
Mechanics Institute, St Trinity Square. 

PORTSMOUTH 
6th. IEETE - "Oracle - the teletext data 

broadcasting system" by G. A. McKenzie at 19.30 at 
Highbury Technical College, Cosham. 

RUGBY 
7th. 1EE - "The future of the IEE" by R. J. 

Clayton at 18.30 at Lanchester Polytechnic, Rugby. 

SHEFFIELD 
20th. IEE - "Future role of the IEE by Dr E. 

Laverick at 19.30 at Sheffield University. 
28th. IEE - "Electronic techniques in Archaeo- 

logy" by Dr E. T. Hall at 18.30 at Sheffield 
Telephone House. 

SWANSEA 
8th. IEE - "Transducers for modern automobile 

systems" by J. Moore at 18.15 at University College. 

SWINDON 
6th. IEE - "Sonar and underwater acoustic 

communication" by V. G. Welsby at 18.15 at The 
College, Regent Circus. 
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Modulation and transmitting signals 

by W. E. Anderton 

Assistant Editor, Wireless World 

Modulation is a principle fundamental 
to all communication systems - speech 
is a modulation of sound waveforms, 
pictures are modulations of light inten- 
sity and communication within the 
human body itself relies on modulation 
of the rate of firing of electro- chemical 
pulses in the nerves. The fast transmis- 
sion of information over long distances 
is only possible using a high speed 
carrier which will travel for large 
distances without attenuation; hence 
electromagnetic radio waves are of 
prime importance for distant communi- 
cation. In the case of transmitted radio 
waves, the process of modulation is to 
vary some parameter of the basic 
electromagnetic wave, which is usually 
called the carrier. Over the years, 
various modulating methods have been 
devised and are aimed at transmitting 
the required information as effectively 
as possible with the minimum amount 
of distortion. The primary factors to be 
considered are signal power, baseband, 
,distortion and noise power - each of 
these will be described later. Ultimately, 
it is the ratio of signal power to noise 
power or output "signal -to -noise ratio" 
specified for the system which deter- 
mines its performance. 

Baseband 
The baseband is defined as the range of 
frequencies which is to be communi- 
cated, e.g., the speech baseband is 
approximately 300Hz to 4kHz. The ear 
can perceive sounds outside this defined 
speech baseband but experiments have 
shown that adequate intelligibility is 
achieved using this contracted range. 
Consequently all telephone systems use 
this baseband. 

Baseband communication (i.e. with 
no modulation of carrier signal) has a 
very limited transmission distance. 
Without electrical assistance, acoustic 
communication is not possible over 
distances greater than half a mile. This 
range may be further restricted by 
environmental conditions. In fact, the 
limitations of baseband telephone com- 
munication are many and the following 
list gives some of the more obvious and 
important of these: (a) the communica- 

tion link can be made only between 
fixed locations; (b) a complex switching 
system must be designed to allow any 
subscriber to contact any other 
subscriber; (c) long distance links 
require amplification in order to over- 
come cable losses; (d) simultaneous 
communication with large audiences is 
impossible; (e) the system's cost is 
largely in the laying of individual cables 
to each subscriber. 

The development of a "wire- less" 
system has overcome most of these 
disadvantages. 

Electromagnetic propagation 
Early experimenters in electromagnetic 
propagation discovered that some 
energy from a high energy spark could 
be transmitted to a suitable receiver 
without the use of wires. The spark's 
energy was coupled to an aerial and 
propagated through "space" to the 
receiver. The receiver often being a 
crude tuned circuit consisting of a coil 
and another smaller spark gap. This 
process was termed "impulsive electro- 
magnetic propagation ". 

w 

o 
> 

time for 1 cycle 

TIME 

Fig. 1. Oscillatory waveform - the basic 
carrier wave. 

Fig. 2. Frequency bands may be classi- 
fied as shown here. 

30 kHz 30 MHz 3 GHz 

Later experiments were performed 
which, instead of using the impulsive + 

spark energy, used an oscillatory wave- 
form. This waveform (represented as in 
Fig. 1) could also be propagated from 
transmitter to receiver. 

Wavelength, frequency, wavebands 
Sound waves travelling in air do so at a 
velocity of approximately 343m.s ', but 
radio waves travelling through space do 
so at the speed of light, i.e. at approxi- 
mately 300 million m.s. '. The frequency 
of an electromagnetic wave is defined as 
the number of complete cycles trans- 
mitted per second and because we know 
the speed of the radio wave we can 
calculate the length of any one com- 
plete cycle in space. This length is 
known as the wavelength of the radio 
wave. The formula linking these two 
quantities is 

speed of light 
wavelength = frequency 

or X =c /f 
Electromagnetic propagation is 

affected by the Earth's atmosphere in 
various ways which are dependent on 
the transmission frequency and the 
distance between transmitter and 
receiver. Fig. 2 shows a convenient 
classification of the frequency bands. 

Modulation 
To send information from transmitter to 
receiver, the carrier wave must be 
varied in sympathy with the informa- 
tion to be transmitted. This process is 
termed "modulation" and the informa- 
tion that is being transmitted is termed 
the "modulating signal ". Modulation 
occurs whenever a "carrier" is affected 
by a signal which has to be transmitted. 
For example, the frequencies and 
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amplitudes of sound waves are modu- 
lated by the speech information which 
is transmitted from person to person 
whilst the intensity of a light is modu- 
lated by a signaller using an Aldis lamp. 

The two most important analogue 
methods are amplitude modulation and 
angle modulation. Amplitude modula- 
tion is most common for applications 
such as radio broadcasting and radio 
telephony. The process of amplitude 
modulation is illustrated in Fig. 3. The 
a.m. systems are essentially narrow - 
band and suffer from limitations due to 
noise which has a direct effect on signal 
amplitude, and is therefore reproduced 
as interference. 

In competition with a.m. some sys- 
tems use angle modulation because of 
its immunity to amplitude varying 
noise. In angle modulation, the 
instantaneous angle of the carrier wave 
is varied and it leads to two forms of 
modulation known respectively as 
frequency modulation (f.m.) and phase 
modulation (p.m.). These two are close- 
ly related though practical systems tend 
to favour f.m. Typical examples are 
v.h.f. broadcasting, satellite communi- 
cations and f.m. radar. The frequency 
modulated carrier wave shown in Fig. 4 
requires a much greater available band 
of frequencies than its a.m. counterpart 
and an f.m. system is capable of giving a 
much better signal -to -noise perfor- 
mance than the corresponding a.m. 
system, or alternatively a considerable 
economy in power if required. 

Carrier keying 
If a transmitter is tuned to transmit a 
carrier wave at frequency f and a 
receiver at a distant location is tuned to 
receive this frequency then one would 
expect that the man at the receiver 
would be able to detect if the man at the 
transmitter switched his transmitter on 
and off. This is the most basic form of 
modulation and information transmis- 
sion via a carrier wave. The technique is 
termed "carrier keying ". This simple 
system can be extended to enable it to 
convey messages by keying the carrier 
in a predetermined code sequence. 
Morse code wireless telegraphy uses a 
system of long and short pulses. Fig. 5 
shows the signal transmitted by a 
carrier keying system for the morse 
character "Y ". The long bursts of 
carrier denote a dash and the short 
bursts a dot. 

Amplitude modulation 
In a linear amplitude modulation sys- 
tem, the amplitude of the transmitted 
carrier wave is made to be instantan- 
eously proportional to the amplitude of 
the modulating signal. The modulation 
can be sinusoidal, square or any other 
shape which it is found necessary to 
transmit. The modulator is similar to a 
linear multiplier, the inputs being the 
carrier and the modulation signals. The 
output is the signal to be transmitted. 
transmitted- signial = carrier x 

modulation signal 
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Fig. 3. Illustrating the basic process of 
amplitude modulation. 
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Fig. 4. Frequency- modulated carrier 
wave. 
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Fig. .5. Signal transmitted by a carrier 
keying system for the morse character 

If the carrier is modulated with a 
400Hz sine wave then the receiver will 
receive a carrier signal whose amplitude 
is varying at 400Hz and the variations 
will be sinusoidal. In the last section we 
discussed carrier keying as a method of 
transmitting morse code. There are 
complications involved when one wants 
to switch a high power transmitter 
rapidly on and off. This problem is easily 
overcome in the amplitude modulation 
system - one simply switches the 
modulating signal on and off. The result 
at the receiver is 400Hz tone bursts 
which will represent the dashes and 
dots of the code, while the carrier wave 
is transmitted continuously. The 400Hz 
modulation frequency can be replaced 
by a speech waveform, in which case 
the carrier will now be amplitude 
modulated so as to correspond with the 
speech signal. This system is used 
widely, an example being the pro- 
grammes broadcast on the long and 
medium wavebands. 

The next part of this series will 
examine a.m. and f.m. in more detail. An 

Wireless World, April 1976 

outline of the basic electronic systems 
course which this series of articles will 
cover was published in the first part 
appearing in the January 1976 issue. 

This article was prepared in consul- 
tation with Professor G. B. B. Chaplin, 
University of Essex. 

Further reading 
Connor, F. R., "Modulation," Edward Arnold, 
London. 

Obtainable from Mr R. A. Smith, Department 
of Electrical Engineering Science, University 
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. 

Books Received 

Handbook of Electronic Circuits by G. J. 
Scoles. In the authors words "instead of first, 
dealing with electronic theory in some detail 
and then proceeding to a mathematical 
analysis of a small number of selected 
circuits, it assumes that with the help of a 
simple explanation the reader already knows 
sufficient of the theory for him to 
understand the operation of virtually any 
electronic circuit. In this way it becomes 
possible to describe the uses and functioning 
of more than 200 different circuits, either 
using non -mathematical explanation or, 
where relevant, simplified formulae only ". A 
wide cross section of circuits are discussed 
under 26 general categories purposely 
omitting r.f. amplifiers and t.v. receiver 
details because, in the authors opinion, these 
have been adequately covered in other 
publications. Price £13.50. Pp. 370. John 
Wiley & Sons Ltd, Baffins Lane, Chichester, 
Sussex. 

Diode characteristics, equivalents and 
substitutes by B. B. Babani contains more 
than 25,000 separate entries including 
military types. The pocket book also 
contains a contents page in nine different 
languages for our overseas friends. Price 
95p. Pp. 159. Bernards Publishers Ltd, The 
Grampians, Shepherds Bush Road, London 
W6 7NF. 

Electronic and switching circuits by S. M. 
Bozic, R. M. H. Chery and J. D. Parsons. This 
book is based on lectutes given by the 
authors to undergraduate students. An 
intermediate level of mathematical know- 
ledge is assumed together with the basic 
principles of a.c. circuit theory. After 
explaining physical electronics, the princi- 
ples of amplification, switching devices, 
oscillators and power supplies are covered. 
Final chapters discuss data processing and 
transmission, industrial applications and 
electronic instruments. The book also 
contains problems and solutions which are 
designed to test whether the reader has 
understood the text. Price £4.95 paperback, 
£10.00 hard back. Pp. 380. Edward Arnold 
Publishers Ltd, 25 Hill Street, London W1X 
8LL. 
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Automatic display- brightness control 

Circuit 
Ideas 

.Low- current source 
It is possible to use a reverse -biased 
germanium diode as a voltage 
independent current source for loading 
silicon transistors. Advantages of this 
method are less voltage lost across the 
source when compared with f.e.ts and 
similar sources, it is cheap, and the 
diode IR increases with temperature in 
much the same manner as the hie. Icbo in 
a transistor. The last point allows 
reliable micropower circuits to operate 
over a wide temperature range at 

optimum current drain. This principle 
was applied in the amplifier circuit 
shown. The diode leakage current is 
arranged to be greater than the collec- 
tor- emitter leakage of the transistor, 
permitting linear operation. Perfor- 
mance figures are: a voltage gain of 50, a 
-3dB bandwidth from 16Hz to 4kHz, a 

maximum output into 1MS2 of 500mV 
pk -pk (at 300Hz), an input impedance of 
10k12 (at 500Hz), and a consumption at 
20 °C of 4mW. 

Owing to manufacturing tolerances 
the operating point can only be guar -, 
anteed to within a decade or two, and 
the diode capacitance is extremely 
non -linear at low reverse voltages. 
M. G. Baker, 
Beaminster, 
Dorset. 

It is quite easy to modulate the intensity 
of a display by switching it on and off 
with a varying duty cycle. With 
single -chip clocks where multiplexing is 
used, the display on time must be 
synchronised to the multiplex fre- 
quency. This circuit was designed 
around an MM5314 clock chip but 
should be usable wherever there are 
external multiplex -oscillator and 
strobe- enable outputs. The 555 timer is 
used in the monostable mode, triggered 
by the multiplex oscillator to determine 
the display off time. In bright conditions 
the ORP12 resistance is low and the 
display is on most of the time. It is 

20n 

output 
st rob 

MM5314 

tres, 
element 

100n 4k7 

100k IN914I 

70k 

necessary to set an upper limit to the 
pulse length, otherwise the 555 will not 
retrigger on each cycle of the multiplex 
oscillator and only alternate digits will 
be displayed. The potentiometer should 
be set to give low light output without 
mistriggering in dark conditions. The 
simplest way to control the rate of 
brightness increase with ambient light 
is to partially obscure the ORP12 
surface. The 555 can also drive a decimal 
point directly, giving a matched bright- 
ness. 
M. G. Martin, 
Maybush, 
Southampton. 

TIS48 

5n8 

15V 

470k 

Bias supply for r.f. power amplifiers 
Many designers resort to the use of a 
single forward- biased diode voltage 
source when attempting to operate 
transistor r.f. power amplifiers in the 
class AB linear mode. This can require 
the selection of a suitable diode and 
thus does not lend itself to reproducible 
design. 

The circuit shown not only offers 
inproved performance, typically 1S2 

output impedance and ±3% output 
voltage change for ±2' /zV input change, 
but also allows adjustment of the 
quiescent collector current. A p -n -p 

+vcc 

silicon device is used as an amplified 
diode variable voltage source. If this is 
in thermal contact with the r.f. device's 
heatsink, a significant degree of thermal 
stabilization is obtained. The emitter 
follower lowers the supply output 
impedance. The devices shown can be 
replaced by similar readily available 
transistors. 

C. P. Bartram, 
Dept. of Metallurgy 
and Science of Materials, 
Oxford. 
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Simple current controlled 
pulse generator 
This simple circuit generates pulses to 
operate t.t.l. at a variable rate between 
about 100Hz and several MHz. The 
diode should be a germanium type of 
low capacitance and must be able to 
carry current I continuously. The 
capacitor can be any value from pico- 
farads to millifarads. Suitable inverters 
are SN7413/14/132 or the Schottky 
clamped variety for higher speed. Care 

must be taken in choosing the current 
to avoid damaging the inverter and 
diode. The control current can be 
obtained by a resistor to + 5V. There is 
an internal resistor of about 4kS2 
connected to + 5V on the input of the 
inverter, which gives a minimum pulse 
rate for any value of C. For further 
information about such oscillators see 
T.I. Applications report B81. 
G. W. Haywood, 
Bingham, 
Notts. 

Synchronous -motor phase 
The requirement was for accurate 
phasing of a 51 pole pair phonic/ 
synchronous motor in a facsimile 
transmitter. This circuit can be readily 
adapted for similar applications. A 
sixteen stage shift register loaded with 
one bit and connected as a ring counter 
is clocked at sixteen times the required 
motor drive frequency. Thus, the output 
of any one stage is a pulse train with a 
1:15 mark /space ratio and a repetition 
rate equal to the drive frequency. A 
single pole sixteen way switch can 
select the output from any stage of the 
shift register. For every clockwise step 
of the switch there will be a 360/16 
degree phase retard of the output. 
Similarly for every anticlockwise step 
there will be a 360/16 degree phase 
advance. Smaller steps may be achieved 

100n 

O-1 
input 

1.020 Hz 

100n 

100n 

PLL MULTIPLIER 

22n +20V 

22 220 µ 

10k 

1k 

+5V 

Ik 

1k5 

control 
by extra stages in the shift register. In 
terms of shaft rotation each step is 
360/16x51 = 0.44 °. In the circuit shown 
a sixteen line -to -one multiplexer acts as 
the sixteen -way switch. The position of 
the switch is determined by the data 
select input. To make the switch rotate 
uniformly either clockwise or anti - 
clockwise, the data select is connected 
to a four -bit binary up /down counter. 
The clock drive for the counter is 
derived from a gated multivibrator, the 
rate of which determines the rate at 
which the phase advances or retards. If 
necessary another counter can be used 
to monitor the number of pulses from 
the multivibrator. 

The 1:15 mark /space ratio at the 
multiplexer output can be improved by 
a monostable with a period set at half 

5N7400 

3 

1k5 

1111 
+5V WOO.. 000®O4) 4) 4) 4D 4D m41) 

SHIFT REGISTER 

the period of the drive frequency. This 
puts less demand on the bandpass filter 
if a sinusoidal output is required. 
Sixteen clock pulses to the up /down 
counter produce one complete rotation 
of the sixteen way switch which means 
one complete cycle subtracted from or 
added to the motor drive. In terms of 
shaft rotation in a 51 pole pair machine, 
the phase is retarded or advanced 
360/51 (7.05 °) in sixteen 0.44° steps. In 
other words, if the gated multivibrator 
output frequency is N pulses /s, the 
motor speed alters by N/7.05 
degrees /second. 

P. E. Baylis and R. J. H. Brush, 
Dept. of Electrical Engineering 
and Electronics, 
University of Dundee. 
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o 

input 

1/2 74123N 

QC) 

1 

1/2 74123N 
Q 

14 7486N 
2 

rate doubler 
The circuit shown will generate pulses 
at twice the input frequency. A pulse is 
applied to the first monostable in the 
74123N, which runs for time TA. The 
negative edge, terminating TA, triggers 

3 

output 

the second monostable which runs for 
time TB. Thus, if TA equals half the input . 

period and TB equals the width of the 
input pulse, an additional pulse is 
generated between each input pulse. An 
exclusive -OR gate combines both 

o 

o 

n 

n 

INPUT 1 

OUTPUT 1 

TA 
I 

TB 

pulses to produce the output. Using R 
and C values as shown, the circuit will 
double a pulse of width 8001.1.s and 
repetition rate about 130 per sec. 
K. R. Brooks, 
University of Bristol. 

Simple staircase 
generator 
The circuit provides a simple means of 
generating a repetitive staircase wave- 
form. A total of seven steps is generated 
before the waveform is repeated. This 
may be increased by cascading several 
SN74 164 shift registers or decreased by 
providing the clear pulse from an earlier 
Q output. 
P. Cochrane, 
Ipswich, 
Suffolk. 
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F.m. discriminator 
To produce a high quality f.m. tuner I 
surveyed a number of design techniques 
using discrete components. After some 
research I became interested in an 
article by J. C. Hopkins (Wireless World, 
Sept. 1965). This circuit uses a transistor 
pump discriminator operating around a 
200kHz i.f. This technique, used with a 
conventional 10.7MHz i.f. strip, pro- 
duced very good results. 

The circuit is similar to J. C. Hopkins's 
design and requires modifications only 
to the capacitor values and transistors. 
The last i.f. stage was modified and the 
load made resistive. The signal was then 
coupled to the discriminator which, in 
turn, was connected to a stereo decoder. 
W. Anderson, 
Portland, 
Dorset. 

last 
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Wireless World Teletext decoder 
6 -- Lower -case characters and analogue circuits 
by J. F. Daniels 

The control -codes detection is based 
on six D -type flip.-flops. The first three 
of these (52,6), (52,8) and (53,6) detect 
codes which mean "go to red display, 
green display and blue display" respec- 
tively. The fourth one dictates whether 
the display should be in the alphanu- 
meric or graphics mode, and the fifth 
one (51,6) indicates when characters 
should be flashing. The final one is used 
to derive a wavefrom to switch between 
the TV and Teletext displays during the 
insert or boxed mode. 

The Teletext specification says that 
all rows should begin in the steady, 
alphanumeric white, unboxed condi- 
tion, and this is achieved by presetting 
the outputs of the six flip -flops to the 
required state with the output pulse 
from (59,8), which is a combined line 
and field blanking waveform. 

Considering first the codes which 
indicate a change in colour of the 
display, it can be seen from the code 
table that bit 1 is always at 1 when a red 
output is required, bit 2 is at 1 when a 
green output is required and bit 
3 is at 1 when a blue display is required. 
Combinations of these three bits will 
also give the complementary colours 
correctly such as yellow when bits 1 

and 2 are both at 1, and also white when 
all three bits are at 1. The way in which 
this is achieved in the decoder is to feed 
bits 1, 2 and 3 respectively to the D 
inputs of the three flip -flops, (52,6), 
.(52,8) and (53,6) and feed the clock 
inputs in parallel, with clock pulses 
occurring only during the fourteen 
colouring codes in the code table 

The clock pulse gating is achieved in 
(41,10), (49,8), (43,13), (44,6), (58,6) and 
(49,6). The actual clock pulses are 
narrow negative -going pulses obtained 
from decoder (42,2) and are fed into gate 
(43.13). The other gates merely serve to 
inhibit the clock pulses at all times other 
than when a change in colour of the 
display is required. The input to IC49, pin 
9 can be changed by means of the link, 
from IC28, pin 7 to IC59, pin 2, altering 
the Clock- pulse -allow waveform to 
cater for the new code allocations. 

The changeover between graphics 
and alphanumeric operation is obtained 
in a very similar way to that already 

described for colours. Flip -flop (53,8) 
obtains its clock pulses from the same 
place as the colour changing i.cs and its 
D input is fed either from (66.12) or 
(28.10) according to which transmission 
standard is being received. 

Flashing and boxing codes are dealt 
with, again in a similar way to that 
already described. Clock pulses are only 
allowed during the two code positions 
allocated to flashing and boxing 
respectively. The D inputs are fed with 
bit 1 information, and in this way the 
output of each flip -flop is set either to 
the on or off condition depending upon 
which of the control codes is received. 
Normally, of course, the flip -flops are 
set to the off condition by the line - 
blanking waveform, and then some- 
where along the character row a 
flashing code may be received which 
will set the flip -flop to the on condition. 
A further code may be received to turn 
off the flashing or, if no code is received, 
the line -blanking waveform will again 
set the flip -flop to the off condition at 
the end of the row. 

Switching between the alphanumeric 
and graphic displays (both types of 
character are actually generated for 
each character box in the display) is 
achieved with gates (57,8), (57,11), (58,8) 
and (58,12). Alphanumeric characters 
are fed into IC58, pin 2 and graphic 
characters into IC57, ,pin 10. A feed of 
bit6 is also connected into IC58, pin 1 and 
IC57, pin 13. This is to enable the "blast 
through" mode of operation, in the 
following manner. Normally when 
graphics are being displayed, bit 6 is in 
the 1 condition. If, however, bit 6 is 
made 0 as for instance in the transmis- 
sion of upper -case letters, this can be 
made to switch away from the graphics 
mode, and into the alphanumeric mode 
for the duration of the character. In this 
way switching between graphics and 
alphanumerics can be obtained very 
economically, without the need for a 
separate control character (which 
would be displayed as a space). The 
slight disadvantage of this is that only 
upper -case characters in columns 4 and 
5 of the code table may be displayed in 
this way. 

Gate (58,8) is fed with the outputs of 

gates (57,8) and (58,12), containing the 
graphics and alphanumeric characters 
respectively. A third input to this gate is 
fed with a composite blanking wave- 
form which contains both line and field 
blanking, and also information to blank 
the control characters. Gate (44,12) 
adds together the line and field blanking 
waveforms, and a third blanking input 
is provided here which may be used to 
blank the Teletext display output while 
watching TV programmes. (It is possi- 
ble that the Teletext waveform could 
break through onto the TV picture 
under some circumstances, if the leads 
were not properly screened, for 
instance.) The output of this gate is 
delayed by capacitor C11 to allow for 
delays in the r.a.ms and r.o.m. This 
output is added to the control -character 
blanking waveform in gate (41,13) and 
the output of this gate is then fed into 
(58,8) where it serves to blank the video 
display waveform. 

The output of (58,8) is then inverted 
and gated with the output of the 
flashing oscillator formed from (67,2) 
and (67,4). This flashing oscillator is 
allowed by the D type flip flop (51,6) and 
gates the display waveform in (57,6). At 
this point the composite display wave- 
form exists in monochrome form, and 
then the colours are incorporated by 
gating this monochrome waveform in 
the 2 -input NOR gates (54,4), 
(54,13) and (54,1). The three D -type 
flip -flops enable or disable these gates 
to form the red, green and blue outputs. 

Finally the output of the flip -flop 
(51,8) is gated with the line and field 
blanking waveforms to give an output 
which can be used as a switching 
waveform when a "boxed" display is 
wanted. 

Lower -case characters 
The character- generation circuit 
already described is capable of generat- 
ing only upper case, or capital letters. 
Although this does not detract in any 
way from the information -carrying 
capabilities of the system, some people 
may consider it worthwhile to add the 
extra circuitry required to display lower 
case characters. 
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The method is exactly the same as 
that described last month for upper case 
characters, except that some lower case 
letters, i.e. g,j,p,q,y, drop below the line 
of normal characters. Provision has 
already been made for this as the 
character box is ten lines high and only 
the top eight lines are used for the 
upper -case characters and a space line 
between characters. This leaves two 
unused lines available to display lower- 
case descenders. 

The same type of r.o.m. is used to 
contain the lower -case characters, the 
only difference being that the lower- 
case memory only contains the thirty 
two characters in columns six and seven 
of the code table, the other thirty two 
spaces being left blank. The complica- 
tion arises from the fact that characters 
stored in the memory can only occupy 
up to eight lines of the display, as the 
row -address information to the r.o.m. 
consists of only three bits of informa- 
tion. Fortunately, however, none of the 
characters having descenders contains 
information in the top two rows of the 
character box, and this enables the 
character to be stored in the r.o.m. two 
rows higher than its intended display 
position, as shown in Fig. 1. This means 
that when the row addresses are applied 
to the r.o.m. they must be changed for 
those characters which have des- 
cenders, in order to lower the display 
position by two TV lines. 

Figure 2 shows the extra circuitry 
needed to produce lower -case char- 
acters, and in practice these additional 
i.cs are mounted on a small board which 
fits above digital board 1 at the opposite 
end to the analogue board. I.cs 87, 88, 89, 
-and 90 are used to detect the characters 
which require lowering by two rows, 
and this information is available at gate 
(89,4) where a 0 denotes a normal 
character and a 1 indicates a character 
that should be lowered by two rows. 

Fig. 2. Extra circuits to obtain lower -case 
letters. 
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Fig. 1. Lower -case letters with "tails" are 
stored in the same memory rows as ordinary 
letters. Row addresses are changed during 
readout to lower the letters by two rows. 

The character generator, IC85 is of the 
same type as the upper case one, a 2513, 
but its suffix CM3021 indicates that it is 
programmed with lower case char- 
acters. (The upper -case version is 
suffixed CM2140). Switching between 
the outputs of the two character 
generators is facilitated by their 
"tri- state" outputs. This means that as 
well as having the normal states of 0 and 
1 at the output pins, a third condition 
can be obtained where the output pin is 
effectively open- circuited from the rest 
of the i.c. This third state is controlled 
by the "chip enable" input, and by 
suitable control of this input, any 
number of 2513's may be connected to 
the same five output rails. In this circuit, 
switching between the two r.o.m.s is 
controlled by gate (90,3). The output of 
this gate goes to 0 only during columns 
6 and 7 of the code table, enabling IC85, 
and the inverse of this waveform is fed 
to the chip enable pin of the upper -case 
character generator IC73, enabling it 
during columns 0 -5 of the code table. 

The row addresses to IC85 are fed from 
IC86, which is a four -bit binary full 
adder, type 7483. The A inputs are fed 
with the four -bit row- address informa- 
tion from the line counter IC5, and the B 
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inputs are fed either with a binary zero, 
during normal characters, or the binary 
number fourteen during characters 
which require descending by two rows. 
Sum outputs one, two and three are fed 
to the row address inputs of the r.o.m. 
and these will change for a descended 
character in such a way that the 
character will be lowered by two TV 
lines. Sum output four can be used as a 
blanking waveform to inhibit the gen- 
eration of characters during the top two 
rows of the character box, when a 
descended character is displayed. The 
blanking is achieved by means of gate 
(89,13) which switches the character 
generator to one of the blank character 
spaces during the required blanking 
period. This method of achieving the 
blanking is extremely useful, as the 
delay applied to the blanking waveform 
will be similar to the delay of the 
character read -out of the r.o.m. (about 
400ns). If the blanking had to be added 
externally to the r.o.m. then some 
means of delaying the waveform by a 
suitable amount would have to be 
found. A useful feature of the lower- 
case circuitry is that only one track on 
the upper -case printed board has to be 
cut when adding the extra board (the 
chip- enable pin of IC73) and all the 
connections to the existing boards may 
be made to the underside of digital 
board two, which entails a minimum 
amount of disturbance to the existing 
upper -case circuitry. For this reason 
also, I would suggest that the decoder 
should be built and tested as an 
"upper -case only" unit initially. The 
lower -case board can be added later as 
there is no extra line -up procedure 
required when this board is fitted. 

Analogue board 
This board serves three main functions, 
namely to provide feeds to the digital 
boards of mixed syncs, separated data, 
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a-nd a switched clock waveform which is 
suitable both for the writing of data into 
the store and for reading it out during 
the display period. The input to the 
analogue board, the circuit of which is 
shown in Fig. 3, should consist of a 
composite positive -going video wave- 
form of between about 1 volt and 5 volts 
peak to peak. Tr' is an emitter -follower 
buffer which provides a suitable low - 
impedance source to drive the d.c. 
restorer formed from C8, R10 and D1. 
This restores the sync tips of the video 
waveform to a potential of about -1 
volt. Chrominance information is then 
removed by the low -pass filter R9, C7, 
and the remaining video signal is fed to 
the positive input of a difference 
amplifier. The négative input is con- 
nected to a potentiometer which con- 
trols the point at which the video 
waveform is sliced. The best setting will 
depend on the amplitude of the video 
waveform, but the range of the poten- 
tiometer should be great enough to 
cover the whole of the sync portion of 
the video waveform and enable separ- 
ated syncs to be obtained at the output 
of the difference amplifier. This i.c. is in 
fact a high -speed dual line receiver with 
fully t.t.l.- compatible outputs and is 
ideal for use in this type of circuit. 

A mixed sync waveform could, of 
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Fig. 3. The analogue circuitry to produce 
syncs, data and clock. 

course, be obtained from the TV re- 
ceiver in which the decoder is to be 
installed, but it was felt that it would be 
better to include one in the decoder if 
only to 'reduce the number of connec- 
tions to the TV set. It also has another 
advantage in that the decoder may be 
fed from a "video ring main" where a 
separate feed of syncs may not be 
available. 

As well as feeding the digital boards, 
the feed of mixed syncs is used to 
generate a clamp -pulse waveform 
which is used both on the analogue 
board and the video switching interface 
board in the TV receiver. The positive 
going trailing edge of the line sync 
waveform is differentiated by C10 and 
R16 and coupled into gate (84,12). The 
resulting negative -going pulse is 
inverted by gate (84,6) and a positive 
going clamp pulse is obtained which is 
about 4µs wide, and occurs during the 
back porch of the video waveform. 

This pulse is used in the analogue 
board to clamp the video waveform 
before slicing the Teletext -data in a 
similar way to that used in the sync 
separator. Before describing this in 

8 

clock 
to IC21 pm 8 

great detail, however, it would be as 
well to discuss some of the problems 
involved in successfully slicing the data 
signal. 

Data slicing 
In the simplest possible system, the 
video waveform could be fed via a 
capacitor into the positive input of a 
differential amplifier and by varying the 
direct voltage level on the negative input 
by means of a potentiometer, sliced 
video and data would be obtained at the 
output. The fact that picture informa- 
tion is sliced, and present at the output, 
is immaterial as precautions against this 
causing trouble have been taken else- 
where in the digital circuitry. However, 
because of the nature of the video 
waveform, the varying picture infor- 
mation will cause the average voltage of 
the signal to vary, and thus alter the 
position at which the video (and data) is 
sliced. If the data information were 
transmitted as perfect square- shaped 
pulses this would not matter because 
the output mark /space ratio of the data 
information would remain unaltered. 
However, the data cannot be transmit- 
ted in this way because the bandwidth 
requirements would become infinite, 
and the transmission system must be 
tailored to suit the normal TV band- 
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width of 5.5 MHz. The data is in fact 
transmitted in the form of raised cosine 
pulses, and this implies that the data 
must be sliced fairly close to the 
halfway point between its positive and 
negative peaks, if the mark /space ratio 
of the received data is to be close 
enough to the original for correct 
decoding. This is the case even if the 
received signal is completely undistort- 
ed by the receiver tuner and i.f. strip. In 
cases where the receiver i.f. amplifier 
has insufficient bandwidth or large 
group -delay errors, or the aerial is 
mismatched into the receiver, the 
setting of the slice level will be even 
more critical and in very severe cases of 
"ghosting" or i.f. misalignment it may 
be impossible to find a suitable point at 
which to slice the video waveform and 
obtain error -free readouts. The simple 
system described above could only be 
adjusted to give satisfactory results 
during periods of static transmission 
such as test card, where the picture 
information is constant and the slice 
level would remain unaltered. 

One way to overcome the problem of 
changing level of the video waveform 
would be to use the d.c.- restored video 
present at the cathode end of DI. 
However, a better system is to clamp 
the video during the back porch, and 
this method is used in this design. Tr2 is 

digital 
board 
two 

to thumbwheel 
switch contacts 
in parallel 

100m A 

67 

mains 
input 

Fig. 4. A suggested power supply circuit. 

turned on during the back porch by the 
clamp pulse, thus holding black level to 
approximately 0 volts regardless of the 
average level of the signal. Purists may 
point out that the clamp action will be 
upset by the colour burst. In practice, 
however, this only becomes a problem if 
large variations in level of the 
chrominance information occur, which 
will in turn cause the clamping point to 
vary slightly. If this is really a problem 
that cannot be solved by improving the 
aerial installation, then a 4.43MHz 
tuned circuit should be included in 
series with the collector of Tr2. It has 
not been included as a standard feature 
in the circuit, partly because it has not 
proved niecessary, but mainly because 
it would be rather difficult to set up 
correctly without expensive test gear. 
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Fig. 5. Function switching. 
The "CLEAR" switch is a 
push, non -locking type, 
the "TIME" button is a 
push -push, locking switch 
and the rest are interlock- 
ing. Further construction- 
al information appears in 
the next article. 
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The system described so far, consist- 
ing of a clamped video signal, sliced by 
means of a differential amplifier having 
a variable voltage level at its second 
input, is capable of giving very good 
results under most reception condi- 
tions. The slice level setting can be fairly 
critical under adverse conditions, how- 
ever, and although the black level end of 
the waveform is maintained at a fixed 
level by the clamp, variations in ampli- 
tude of the video signal will also cause 
unwanted movement of the data level. 

Small variations between the signal 
amplitude of different TV channels 
which may occur with some types of i.f. 
strip can be enough to prevent correct 
decoder operation. A more likely cause 
of video amplitude variations will occur 
in TV sets where the contrast control 
operates in the a.g.c. line. In this type of. 
set the detected video information will 
vary as the contrast control is changed 
and nowhere in the circuit will a video 
waveform be available that does not 
vary with contrast control changes. It is 
obviously undesirable to have to alter 
the slice level whenever the contrast 
control is adjusted and some form of 
compensation must be provided to 
automatically keep the slice level 
correct. One method would be to have a 
variable gain video amplifier which was 
automatically adjusted to keep the data 
amplitude constant. However, this 
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would undoubtedly be expensive, and a 
much simpler way of achieving the 
same end is to alter the slice level 
automatically, to enable it to follow the 
varying data amplitude. This is done by 
detecting the data amplitude with a 
peak- detector circuit and then using 
this information to set the slice level 
midway between the data peaks and 
black level. 

Tr3 forms the positive -data peak 
detection circuit with the decay time set 
by the time constant R15, C15. This time 
constant is made fairly long compared 
to the data bytes to prevent too much 
decay during the worst case condition 
of fourteen consecutive zeros. TR4 then 
serves to offset the base- emitter voltage 
drop of Tr3 and the shorter time 
constant R7, C16, increases the rise time 
of the peak detector circuit to reduce 
the effect of large noise spikes. The 
actual slice level is adjustable by means 
of VR2 over the full range from 0 volts to 
the positive data peak level. Although 
theoretically this potentiometer should 
be in its mid position for correct data 
slicing, non -linearity distortion intro- 
duced by certain types of vision detec- 
tor circuit will mean that the best 
results may be obtained if the slice level 
is not mid -way between the positive and 
negative peaks of the data. The differ- 
ence amplifier used to perform the 
actual data slicing is the other half of 
the dual line receiver, IC81. 

Clock generation 
It has already been explained that the 
clock waveform generated on the 
analogue board consists of the outputs 
of two oscillators, one locked to the 
incoming data, and the other adjustable 
in frequency to enable the display width 
to be adjusted. Switching between the 
two clock generators is performed by 
the 'lines 11 -21' waveform. Gates (83,11) 
and (83,6) are cross coupled to form a 
free running oscillator. Oscillation is 
inhibited during lines 11 -21 by the 
waveform present at gate (83,3), and by 
also inhibiting oscillation at the start of 
each TV line -Q of monostable 3 is fed 
into gate (83,11) - the oscillator is 
phase -locked to the TV lines. This 
ensures that the characters will have 
"clean" verticals. If the oscillator was 
merely free running the phase would 
alter at random from one TV line to the 
next, and ragged verticals would result. 
VR1 adjusts the frequency of oscillation 
and forms the display width control. 

Gate (84,8) forms the active part of 
the data clock oscillator. The frequency 
of oscillation is determined by L1, C1 and 
C2. The waveform on pin 9 of the i.c. 
only allows oscillation to take place 
during lines 11 -21, and at all other times 
the gate output is held at 1 allowing the 
display clock through gate (83,8) to the 
output line. The oscillator is locked to 
the incoming data by means of narrow, 
negative going spikes fed into the third 
input of (84,8). These spikes occur at 
every data transition, gate (82,11) 

providing the spikes derived from 
positive -going data transitions, and 
gate (82,6) spikes derived from nega- 
tive -going data transitions. Although 
the oscillator circuit may appear rather 
crude, it has been found to give 
excellent results in practice. The main 
point in its favour is that it is extremely 
easy to set up, as there is only one 
adjustment, that being L1. The specified 
coil former is the Neosid A6 assembly, 
but in practice equally good results will 
be obtained with any former of approx- 
imately 3116in diameter, containing an 
adjustable ferrite core, so long as it can 
be tuned in to the correct frequency of 
about 7MHz. The frequency stability of 
the circuit has been found to be perfectly 
adequate so long as polystyrene capa- 
citors are used for C1 and C2. The 
preferred method of adjusting the 
oscillator frequency will be dealt with 
later in the article, as will the rest of the 
decoder line up. 

Power supply 
The power requirements of the decoder 
are fairly modest. Five volts for the t.t.l. 
circuitry is required at approximately 
I.3A, and this can most conveniently be 
obtained from a three -terminal regula- 
tor of the LM309K variety. The input 
voltage to the regulator must not be too 
great, however, as the device will be 
working fairly close to its limits and 
may exceed its maximum power dissi- 
pation figure. For this reason, the 
regulator must be mounted on a suit- 
able heatsink. 

A negative five -volt supply is required 
at a current of about 25mA, and a 
negative 12 -volt supply for the char- 
acter- generator i.c. at only a few 
milliamps. Both negative supplies may 
be derived from simple zener -diode type 
stabilizers, and a suitable power supply 
circuit is shown in Fig. 4. 

Constructors should see that the 
connecting wires between the power 
supply and the decoder are of a suitable 
gauge to prevent excessive voltage drop 
of the plus five -volt rail. At a current of 
something greater than one amp, it only 
takes a few feet of thin connecting wire 
to cause a voltage drop of greater than 
0.25 volts which will be sufficient to 
bring the five -volt rail outside the 
recommended specification for t.t.l. 
devices. 

(To be continued) 

The next article in this series will give 
constructional details of the teletext 
decoder. Subsequently there will be an 
article on interfacing the decoder with 
various colour television sets in com- 
mon use. 

Who thought up the 
synchronous satellite? 

Dr Harold A. Rosen, a vice -president 
of Hughes Aircraft Company and a 
pioneer developer of synchronous 
communications satellites, has won the 
first L.M. Ericsson International Prize 
for "proposing the introduction of 
geostationary communications satel- 
lites and for his scientific and techno- 
logical contributions to their develop- 
ment, design and operation." The prize, 
of 100,000 Swedish crowns (about 
£11,000) will be presented by King Carl 
XVI Gustaf at ceremonies in Stock- 
holm in May. To be awarded every 
three years, the prize honours the 
memory of Lars Magnus Ericsson, 
founder of the L.M. Ericsson Telephone 
Company. 

Dr Hakan Sterky, chairman of the 
prize committee, says "Dr Rosen 
proposed that a single satellite could be 
orbited at an altitude where it matches 
the earth's rotation and appear to be 
stationary, thereby simplifying con- 
nection with earth stations and pro- 
viding 24- hour -a -day service ". British 
readers, in particular, will be surprised 
that no acknowledgement is made to 
Arthur C. Clarke, who is widely 
considered to be the originator of the 
idea of satellites in synchronous orbit. 
Clarke pointed out in the October 1945 
issue of Wireless World (eleven years 
before Dr Rosen joined Hughes) that a 
space -station orbit with a radius of 
42,000km "has a period of exactly 24 
hours. A body in such an orbit, if its 
plane coincided with that of the earth's 
equator, would revolve with the earth 
and would thus be stationary above the 
same spot on the planet. It would 
remain fixed in the sky of a whole 
hemisphere and unlike all other 
heavenly bodies would neither rise nor 
set." Further, a satellite in this orbit 
"could be provided with receiving and 
transmitting equipment ... and could 
act as a repeater to relay transmissions 
between any two points on the hemis- 
phere beneath ..." (See "Extra- terres- 
tial relays ", October -1945, pp. 305 -308). 

Hughes Aircraft state that all of the 
Intelsat communications satellites "are 
a result of Dr Rosen's synchronous 
orbit concept." This is strange in view 
of the fact that it was a vice -president 
of Hughes Aircraft Company, Dr F. P. 
Adler, who gave public acknowledge- 
ment to Clarke's proposal more than a 
decade ago (June 1965 issue, p.269). 
Moreover, L. M. Ericsson have indicated 
that they know of Clarke (although 
they do not seem to be aware of the 
thoroughness of his 1945 proposal). 
Readers may be forgiven for question- 
ing whether it really was Dr Rosen's 
concept. 
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Key -men keep in touch by radio -telephone. For the planning of 
these sophisticated installations, for the supply and installation of 
equipment, for advice and help in procuring licenses, for maintenance 
and servicing, key -men keep in touch with Noltoi. 
Nolton supply major radio -telephone users in the UK and overseas ... 

Nolton advise impartially on the suitability of equipment (of their 
own manufacture and also other leading brands) ... Nolton are 
represented throughout the UK. For all radio -telephone enquiries, 
write, ring, or telex Nolton. 

Radiotelephone Division 
Fieldings Road Cheshunt Herts EN 8 9TX 
Telephone Waltham Cross 33555 
Telex 28952 

WW -020 FOR FURTHER DETAILS 
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The Black Watch kit 
£14.95! 

* Practical -easily built by 
anyone in an evening's 
straightforward assembly. 

* Complete -right down to 
strap and batteries. 

* Guaranteed. A correctly - 
assembled watch is 
guaranteed for a year. lt 
works as soon as you put the 
batteries in. On a built watch 
we guarantee an accuracy 
within a second a day -but 
building it yourself you maybe 
able to adjust the trimmer to 
achieve an accuracy within a 
second a week. 

The Black Watch by Sinclair is unique. 
Controlled by a quartz crystal, and 
powered by two hearing aid 
batteries, it uses bright red LEDs to 
show hours and minutes, and 
minutes and seconds. And it's 
styled in the cool prestige Sinclair 
fashion: no knobs, no buttons, 
no flash. 
The Black Watch kit is unique, too. 
It's rational - Sinclair have 
reduced the separate 
components to just four -and 
it's simple: anybody who can 

use a soldering iron can assemble 
a Black Watch without difficulty. 

From opening the kit to wearing the 
watch is a couple of hours' work. 

Touch and tell 
Press here for hours and minutes... here for minutes and seconds. 

12 15 

The specialist features of the Black Watch 
Smooth, chunky, matt -black case, 
with black strap. (Black stainless - 
steel bracelet available as extra - 
see order form.) 

Large, bright, red display -easily read 
at night. Touch -and -see case - 
no unprofessional buttons. 

Batteries easily replaced at home. 

fiellhi, '''*"'"e------...: 

I--- 
Runs on two hearing -aid batteries 
(supplied). Easily re -set using special 
button -no expensive jeweller's 
service. 
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The Black Watch-using the unique 
Sinclair- designed state -of- the -art IC. 
The chip... 
The heart of the Black Watch is a 

unique IC designed by Sinclair and 
custom -built for them using 
state -of- the -art technology - 
integrated injection logic. 

This chip of silicon measures only 
3 mm x 3 mm and contains over 
2000 transistors. The circuit includes 

a) reference oscillator 
b) divider chain 
c) decoder circuits 
d) display inhibit circuits 
e) display driving circuits. 

The chip is totally designed and 
manufactured in the UK, and is 
the first design to incorporate 
all circuitry for a digital 
watch on a single chip. 

...and how it works 
A crystal -controlled reference is used 
to drive a chain of 15 binary dividers 
which reduce the frequency from 
32,768 Hz to 1 Hz.This accurate 
signal is then counted into units of 
seconds, minutes, and hours, and on 
request the stored information is 

processed by the decoders and 
display drivers to feed the four 
7- segment LED displays. When the 
display is not in operation, special 
power- saving circuits on the chip 
reduce current consumption to only 
a few microamps. 

LED display 

Trimmer 

Batteries 

Take advantage of this 
no -risks, money -back 
offer today! 
The Sinclair Black Watch is fully 
guaranteed. Return your kit in original 
condition within 10 days and we'll 
refund your money without question. 
All parts are tested and checked 
before despatch -and correctly - 
assembled watches are guaranteed 
for one year. Simply fill in the FREEPOST 
order form and post it- today! 
Price in kit form: £14.95 (inc. black 
strap, VAT, p & p). 
Price in built form: £24.95 (inc. black 
strap, VAT, p &p). 

Sinclair 
Sinclair Radionics Ltd, 
London Road, St Ives, 
Huntingdon, Cambs., PE17 4HJ. 
Tel: St Ives (0480) 64646. 
Reg. no 699483 England. VAT Reg. no. 

Complete kit 

£14.95! 
The kit contains 
1. printed circuit board 
2. unique Sinclair- designed IC 

3. encapsulated quartz crystal 
4. trimmer 
5. capacitor 
6. LED display 
7. 2 -part case with window in 

position 
8. batteries 
9. battery-clip' 
10. black strap (black stainless - 

steel bracelet optional extra - 
see order form) 

11. full instructions for building 
and use. 

All the tools you need are a fine 
soldeing iron and a pair of cutters. 
If you ve any queries or problems in 
building, ring or write to Sinclair 
service department for help. 

Quartz crystal 

2000 -transistor silicon integrated circuit 

To: Sinclair Radionics Ltd, FREEPOST, St Ives, Huntingdon, Cambs., PE17 4BR".1 
Please send me 

(qty) Sinclair Black Watch 
kit(s) at £14 95 (inc. black 
strap,VAT, p &p). 

(qty) Sinclair Black Watch(es) 
built at £24.95 (inc. black 
strap, VAT, p &p). 

(qty) black stainless -steel 
bracelet(s) at £2.00 
(inc.VAT, p &p). 

Name (please print) 

Total £ 

I enclose cheque for £ 
made out to Sinclair Radionics Ltd 
and crossed. 

Please debit my Barclaycard /Access/ 
American Express account number 

Address 

Signature wwI4 

FREEPOST- no stamp required. Delete as required 
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single 

source 

make 

esse 
O CONSERVES YOUR CASH. No need to lock up capital in slow 

moving stocks. 

© SAVES TIME. Parts usually despatched by return. Orders phoned 
before midday are often on the way same day. 

©A PROTOTYPE SERVICE. Invaluable when assorted alternative 
experimental parts are required. 

O SOLVES BUFFER STOCK PROBLEMS. Eliminates need for 
heavy stock holding. Our stocks are at your immediate disposal. 

O SIMPLIFIES ORDERING. One transaction for a variety of parts 
saves bookkeeping and paper work. 

O 

NO ORDER TOO SMALL. Every enquiry is of equal importance 
and dealt with expeditiously. 

Obviously Single Source Service can solve a lot of your day to day 
problems. As the first step get the relevant U -C S catalogue, which 
illustrates and describes hundreds of parts any of which you may 
want at any moment. Write, or better still phone 06072 78711, for 
it now. 

So make United-Carr Supplies 
your SINGLE SOURCE for:- 

CINCH DOT 0 

Wireless World, April 1976 

It makes sense 
to use the 
United -Carr 
Supply Service 
when you require 
smaller or mixed 
quantities of any 
of the following :- 

CINCH 
Barrier terminal strips. 
Fanning strips. 
Marker strips. 
Printed circuit board 
edge connectors. 

D Subminiatures. 
Multi way plugs and 
sockets. 

Electrical Components. 
Single and double pole 
rocker switches. 
Mains and low voltage 
indicator lights. 
Plunger switches. 
Mains connector blocks. 
Automotive lamp holder 
Push on terminations. 
Fuse holders. 

Fr 
Edge clips. 
Cable clips. 
Cover plates. 
Turnbuckles. 
Knób clips. 

Audio sockets. 
Group boards. 
Valve holders. 
Fuse holders. 
Battery connectors. 

Industrial Fastenings. 
Tee nuts. 
DOTLOC single thread 
lock nuts. 
Lift the Dot fastenings. 
Turnbuttons. 
Plugs and grommets. 

s. Metal and plastic 
components. 
Press studs. 

W buttons. 
Door catches. 
Cable straps. 
Metal and plastic 
components. 

Separate catalogues are 
available for: - 
Electronic Components, 
Electrical Components 
& Industrial Fasteners. 
Write or phone for your free copy, 
stating possible requirements. 

United -Carr Supplies Ltd., 112 Station Road, Ilkeston, Derbyshire, DE7 5LF Tel: Ilkeston 78711 (STD 06072 78711).Telex 377117 
WW -074 FOR FURTHER DETAILS 
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Phase shift in loudspeakers 
Considering the cause and measurement of phase shifts 

by James Moir 

James Moir & Associates 

When the sound pressure maxima immediately in front of a loudspeaker do not occur at 
exactly the same instants in time as the corresponding maxima in the voltage across the 
loudspeaker voice coil, they are said to differ in phase. The phase shifts that actually 
occur in some typical current speaker systems were measured to obtain objective data. 

The time delays or phase shifts 
produced by loudspeakers arise for 
several reasons which we will consider, 
starting with the simplest example, a 

single -unit wide -range loudspeaker. The 
mechanical force exerted on the adja- 
cent section of the coil former by the 
current in the voice coil is in phase with 
that current, but the phase of the current 
with respect to the voltage across the 
voice coil varies throughout the fre- 
quency band because of the reactances 
present in the moving coil system. 
Typical measured values of the phase 
difference between the applied voltage 
and the resulting current for a simple 
single cone loudspeaker are shown in 
Fig. 1. The phase shift in the region of 
the bass resonance is critically depen- 
dent upon the type of enclosure. Below 
the bass resonance frequency the 
current in the voice coil is seen to be 
inductive with the current lagging the 
voltage, the phase angle approaching 
40 °; but the phase changes rapidly as 
the resonant frequency is passed, the 
current and voltage being in phase at 
resonance (100Hz), but the current 
leads the voltage above the resonant 
frequency where the voice coil behaves 
as a capacitor. In this particular exam- 
ple the current is in phase with the 
voltage again just below 300Hz but 
above this frequency the coil is gener- 
ally inductive, the phase angle increas- 
ing continuously. Thus it will be seen 
that the methanical force on the voice 
coil former is only rarely in phase with 
the applied voltage. 

This effect is of greater significance in 
multi -unit speaker systems. These must 
incorporate electrical filters that pro- 
tect the relatively fragile high frequency 
units from the powerful low frequency 
signals and channel the electrical 
signals into the speaker units best able 
to handle them. In a three or four unit 
system the filters are often of consider- 
able complexity. 
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Fig. 1. Typical phase difference between 
applied voltage and resulting current 
for a single cone loudspeaker. The 
corresponding impedance curve is 

shown below. 
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Fig. 2. Phase angle and impedance 
curves for a three -unit loudspeaker sys- 
tem. 
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The curves of Fig. 2 illustrate the 
phase difference between the applied 
voltage and the current into the speaker 
system, but the voltage across the 
individual speaker units is not in phase 
with the voltage across the system 
terminals as a result of the reactance 
present in the crossover filters. Fig. 3 
illustrates the phase shift between the 
voltage applied to the system terminals 
and the voltage across the terminals of 
the woofer and mid -range units in a well 
known multiple unit system having an 
excellent reputation. It will be seen that 
the filter networks introduce a consi- 
derable additional phase shift. In the 
cross -over region the voltage across the 
higher frequency unit is generally 
shifting in phase in the opposite direc- 
tion to that across the lower frequency 
unit. 

These phase shifts are all introduced 
by the electrical system but there are 
additional phase shifts in the mechani- 
cal coupling between the voice coil and 
the apex of the cone and between the 
apex of the cone and the remainder of 
the cone and surround. These are 
difficult to quantify but an approximate 
analysis shows that they are very 
frequency dependent and significant. 

Acoustic phase shifts 
The major phase shifts appear when 
sound waves are launched into the air. 
In a single cone wide range loudspeaker 
unit, the high frequency components of 
the acoustic signal are generally radiat- 
ed from a small area near the cone apex, 
there being little high frequency radia- 
tion from the areas of cone near the 
surround. At frequencies below about 
1kHz the whole cone tends increasingly 
to act as a more or less rigid piston and 
the signals are radiated by the whole of 
the cone and part of the surround. Thus 
the area radiating the high frequencies 
is usually about an inch behind the 
effective centre of the low frequency 
radiation and in consequence signals in 
the high frequency band will appear a 
fraction of a millisecond behind the low 
frequency signal radiated by the whole 
area of the cone. 

These phase shifts due to the varia- 
tion in the effective position of the 
source are much more serious in a 
multiple unit system employing 
separate speaker units for the low, mid 

1000 10000 

Fig. 3. Phase shift through a typical 
crossover network. 

and high frequency ranges. In the usual 
type of enclosure the 'tweeter' handling 
the frequencies above 4 -5 kHz will be 
mounted near the top of the enclosure, 
adjacent to the mid -range unit and 
perhaps 12 -14 inches away from the 
centre of the I.f. unit. Generally the 
radiating surface of the tweeter will be a 
few inches in front of the effective 
radiation centre of the l.f. cone, so the 
higher frequencies will travel through 
the air a fraction of a millisecond before 
the frequencies handled by the woofer. 

In practice the listener will sit two to 
four metres away from the loudspeaker 
enclosure and unless he is on the 
median line between the h.f. and l.f. 
units the path length between his ears 
and the h.f. unit will differ from the path 
length between his ears and the l.f. unit. 
In consequence, the signals from one 
unit will arrive before those from the 
other unit, or in conventional terms, 
there will be a phase difference between 
the signals from the two loudspeakers. 
This is of special significance in the 
changeover region when phase inter- 
ference results in the appearance of 
peaks and dips in the frequency 
response, though theeffect of phase 
shift on frequency response is not the 
real aspect of the present discussion. 

tweeter 

0 
midrange 

E 

woofer 

0 

Fig. 4. Measurement of a woofer's phase 
shift with the microphone mounted in 
the plane of the front baffle. 
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Several recent speaker system 
designs attempt to minimize the phase 
shifts due to the cross -over networks 
and the lack of coincidence in the 
vertical plane of the emitting surfaces, 
by displacing the units, the high fre- 
quency radiators generally being set 
back behind the plane of the woofer. 
The exact positions of the various units 
are difficult to-determine by measure- 
ments of the relative phase of the 
acoustic outputs of the units, but the 
"correct" positions can be found 
experimentally by adjustment of the 
unit location with a square voltage 
waveform applied. The adjustment 
must be done either in the open air or in 
an anechoic chamber to avoid the gross 
phase shifts that characterize any 
ordinary room. 

Phase shift measurements 
Measurements of the overall phase shift 
between the system input voltage that 
has been adopted as the reference and 
the sound pressure in front of the 
loudspeaker is not as simple as it might 
appear at first thought. While the 
position of the microphone diaphragm 
is obvious, the effective centre of the 
acoustic radiation from the speaker 
diaphragm is not known and cannot be 
determined with the required accuracy. 
Moreover the effective centre of radia- 
tion varies with frequency. 

The microphone must be mounted in 
front of the loudspeaker and the spacing 
between speaker and microphone 
introduces a fixed time delay, or in 
phase shift terms, a phase shift linearly 
proportional to frequency. As this time 
delay is constant at all frequencies it 
does not introduce phase distortion, so 
any measurement of the phase shift 
should ignore that fraction of the total 
phase difference that is due to the 
physical spacing between microphone 
and loudspeaker. 

This ambiguity in deciding on the 
actual part of the loudspeaker cone that 
emits the signal at any specific fre- 
quency limits the upper frequency to 
which phase shifts can be measured 
with an adequate degree of accuracy. At 
a frequency of 5kHz for example, the 
wavelength in air is 6.86cm and in 
consequence the phase nominally 
changes by 360 degrees for each 6.86cm 
increase in spacing between micro- 
phone and loudspeaker unit. If the 
phase shift measurements are to be 
really accurate the distance between the 
diaphragm of the measuring 
microphone and the point on the 
diaphragm for which the signal is 
emitted must be known with an accur- 
acy that can rarely be achieved. 

A first choice for the position of the 
measuring microphone would be the 
speaker /microphone spacing standar- 
dized for frequency response measure- 
ments, one metre. At a frequency of 
5kHz this is 100/6.86 =14.6 wavelengths 
and an equivalént phase shift of 14.6 x 
360 = 5260 degrees approximately, due 
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only to the distance between micro- 
phone and loudspeaker, and in 
consequence, a phase shift that does 
not introduce any waveshape distor- 
tion. It will be seen from Fig. 1 that a 
typical single unit speaker system will 
introduce a phase shift of about 300-60° 
at this frequency. Thus if the phase shift 
due to the speaker unit itself is to be 
measured to an accuracy as poor as 20%, 
it is necessary to measure the overall 
phase shift between input voltage and 
the sound pressure at the microphone 
one metre away, to an accuracy of 
about 5 ° -10° in 5000° i.e. about 0.1%. 
This is just not possible for the effective 
centre of radiation in the speaker 
diaphragms, the point from which the 
one metre spacing is to be measured, is 
not known. 

Nominally the constant time delay 
due to the speaker /microphone spacing 
of one metre can be compensated by the 
insertion of a delay line having a delay 
time of about 0.3ms. In practice this is 
not satisfactory for the speaker /micro- 
phone distance of one metre cannot be 
determined when the centre of the 
acoustic radiation from the speaker 
cohe is not known with any accuracy. 

An alternative solution to the prob- 
lem is to minimize the spacing between 
microphone and loudspeaker, for this 
minimizes the time delay that must be 
compensated. Consideration suggests 
that the best compromise may be to 
mount the microphone with its diaph- 
ragm in the plane of the speaker 
opening (Fig. 4). At this position the 
phase shifts due to spacing time delay 
are of no significance at low frequency 
and only become of consequence at 
frequencies above about 10kHz where 
the wavelength is about 3.5cm. The 
microphone can probably be located 
with a positional accuracy that is 
perhaps one tenth of this, limiting the 
accuracy to which the overall phase 
shift can be measured to about ± 15 

degrees at a frequency of 1OkHz. Fig. 5 

indicates the phase shift /frequency 
response of a typical wide range single 
unit loudspeaker when the measuring 

10,000 

Fig. 5. Phase versus frequency response 
of a moving coil loudspeaker measured 
as shown in Fig. 4. 

microphone is mounted in the plane of 
the diaphragm opening. 

Choosing a microphone location 
close to the loudspeaker unit may be the 
best compromise but it is not without its 
limitations, apart from that of accuracy 
mentioned earlier. As far as a listener is 
concerned the effective phase shift is 
that at his ears about two to three 
metres away from the loudspeaker. This 
cannot be directly measured if a multi- 
unit speaker system is employed. At any 
listening position there is in addition to 
the phase shifts discussed, another and 
generally more significant cause of 
phase shift, that due to the difference in 
the length of the air path between the 
listener's ears and the two sources of 
the acoustic signal. If there are only two 
units in the system the listener can 
eliminate these differences by sitting 
exactly on the medium line between the 
two units, but this is not possible if a 
three unit system is employed. If the 
phase shift at the listener's ears must be 
known, it must be separately measured 
for each unit, and if the total resultant 
phase shift at the distant listening point 
is to be obtained, it must be calculated 
from geometric considerations. This is 
clearly a tedious piece of simple arith- 
metic, but the writer has gone on record 
many times as saying that these phase 
shifts are of no consequence. 

Value of phase shift measurement 
Measurements of the phase shifts to a 
point in the diaphragm plane is of real 
use to the speaker development engin- 
eer when he is assessing the effect of 
design changes. Phase changes more 
rapidly in the vicinity of a resonance 
that does the amplitude and is a more 
sensitive indication of the resonant 
frequency and its Q. Thus the effect of 
such changes as cone or surround 
doping can be rapidly assessed even 
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though the effect of such a change is 
small and in the midst of a lot of other 
irregularities. 

When a stereo system is employed, the 
absolute values of phase shift in the 
loudspeakers are of little significance, 
but it is important to ensure that the 
phase shifts do not change too rapidly 
with frequency and that there is unifor- 
mity of phase shift between the 
speakers coming off the production line. 
Rapid changes in the phase /frequency 
response of nominally identical samples 
leads to unstable positioning of the 
stereo image. 

My thanks are due to Mr W. R. 
Stevens of our laboratory for the 
measurements of phase response which 
have been quoted. 

Papers presented at the second international 
conference on software engineering for 
telecommunication switching systems held in 
February in Salzburg, Austria are to be published as 
"Software engineering for telecommunication 
switching systems", IEE Conference Publication 
135. Further information can be obtained from The 
Marketing Department, The Institution of Electri- 
cal Engineers, PO Box 8, Southgate House, 
Stevenage, Herts. SG1 1HQ. 

A service for the design of I.s.i. circuits is available 
from Smiths Industries Ltd, Aviation Division, 
Cheltenham. A computer aided design and testing 
facility has been established to provide a design 
service for the low -volume market. 

The Duddell medal and prize has been awarded by 
the Institute of Physics to Mr G. N. Hounsfield of 
EMI Ltd for his development in the use of X -rays for 
the examination of three dimensional structures. 

The National Closed Circuit Television Associa- 
don's Annual Conference at University College, 
Cardiff is to be held from April 5th to 8th. Further 
information can be obtained from V. Ginn, College 
of Education, Cyncoed Road, Cardiff. 

Sonab Ltd has moved to 214 Harlequin Avenue, 
Brentford, Middlesex TW8 9DW. 

Cathodeon Crystals Ltd, Linton, Cambridge CBI 
9JU, has received BS9000 approval for the 
manufacture of crystal based components for the 
telecommunications and electronics industries. 

British Relay TV, Overline House, Crawley, Sussex 
is now relaying Southern -TV as a fourth channel to 
viewers connected to its cable -TV networks in the 
London regions of Bow, Fulham, Hammersmith, 
North Kensington, Paddington and Poplar. 

Wound Electronic Components Ltd, Excelsis 
Works, Gogmore Lane, Chertsey, Surrey KT1S 9AP 
are offering toroidal transformers designed and 
manufactured to customers specification. 

Belmont A/V Ltd, Fircroft Way, Edenbridge, Kent 
TN8 6HA, UK distributors of the B.I.C. range of 
loudspeakers, have announced the granting of a US 

patent to B.I.C. for their application of the venturi 
principle in the field of acoustics. 
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Automatic battery switch -off circuit 
Extending the life of small instrument batteries 

by D. T. Smith 

Clarendon Laboratory, University of Oxford 

Nowadays, many small electronic 
instruments are powered by batteries. 
Battery prices have risen in recent 
years, and with the increasing prices of 
raw materials such as zinc, costs are 
likely to rise further. Moreover, it is 
frustrating to find equipment out of 
action due to flat batteries just when it 
is needed. 

Much laboratory equipment is used 
intermittently and batteries then have a 
long life if the equipment is always 
switched off after uses However, people 
often forget to switch off, particularly 
when there is no obvious reminder 
(such as a light or noise) that the 
equipment is on. In practice, instru- 
ments are frequently left on for days or 
weeks when not in use. The circuit 
described here was designed so that it 
can be built into equipment without 
affecting performance or the normal 
controls, but will switch off the battery 
after a reasonable time it if it not 
switched off manually. We chose a time 
of about 10 hours so that the equipment 
would operate for a full working day 
without interruption. Normal operation 
can be restored by moving the manual 
switch to off and back to on. 

Circuit operation 
Both capacitors discharge when the 
battery is off. When the battery is 
switched on, C, charges and gives a 
pulse of current to the base of Tr1, which 
conducts and feeds current to the base 
of Tr3 to allow current to flow to the 
load. Initially, C2 remains uncharged, 
and with the bias on the gate of Tr4, the 
tail current of the pair Tr4, 5 is all taken 

by Tr4. Base current is fed to Tr2 which 
in turn drives Tr3 into saturation. 
Voltage drop across Tr3 is, therefore, 
quite small. Capacitor C2 is slowly 
charged via R7 until Tr5 is conducting 
and drawing tail current. Current 
through Tr4 is decreased together with 
the base current of Tr2, and Tr3 is no 
longer saturated. The output voltage 
then falls and the bias on Tr4 falls, while 
the bias of Tr5 remains constant, so that 
a regenerative feedback loop is formed 
and the circuit snaps off. 

When the circuit has switched off, the 
only drain on the battery is the current 
though R, (10M12) and transistor 
leakage, and this is a negligible drain to 
normal batteries. With the output off, 
C2 discharges rapidly through the gate 
of Tr5. When the operator switches off, 
CI discharges through DI and R1 with a 
time constant of one second, so that the 
circuit is ready to be switched on again 
without delay. 

The circuit switches off when the 
voltages on the gates of the f.e.ts 'are 
about equal, that is, when C2 has 
charged to about half of the output 
voltage. This gives an operating time 
T = loge2.C2R7 - 0.7C2R7. 

The values shown give a calculated 
time of just under 10 hours. Other 
periods can be obtained by altering C2 
or R7. 

The value of R2 is chosen to suit the 
working current and battery voltage. A 

Fig. 1. Circuit diagram of the switch -off 
unit. 

low value of R2 increases the battery 
drain, while a high value limits the 
working current; a suitable value is 

R 
15Vb 

R2 
lout 

Construction 
The circuit was built as a printed circuit 
board with a p.t.f.e. insulated tag for the 
junction of R7, C2 and the gate of Tr5. 
This extra insulation is necessary to 
give a leakage resistance large corn- 
pared with the high resistance of R7 (10 
G2), and care should be taken to keep 
this part of the circuit clean and dry to 
prevent the insulation from deteriorat- 
ing. The circuit is not critical, as 
accurate timing is not required. A 
polycarbonate capacitor was used for 
C2 to ensure low internal leakage. A 
maximum gate current of 2nA as 
quoted in manufacturers data for the 
2N3819 would be disastrous, but in 
practice the gate current for this device 
is usually below 10 pA. 

This circuit has been fitted to a 
number of a.f. oscillators without any 
inconvenience to normal operation. 
Users need not be aware of the presence 
of the circuit. 

Components 
Tr, z 

2N4061, BC478 or similar small 
silicon p -n -p type 

Tr, 2N3053, BC142 or a similar 
medium power silicon n -p -n 
type 

Tr4.5 2N3819 (n- channel silicon f.e.t.) 
D, any small silicon diode 
R6 4k7 (9 or 12V battery) 

10k (15 to 27V battery) 
R, 1OGS2 ±20%H13. Welwyn Elec- 

tric Ltd, Bedlington, Northum- 
bria NE22 7AA. (£1.08 in small 
quantities) 
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diode model of the m.o.s.f.e.t. 
An insight into device operation to clear up some of the 
difficulties encountered in its initial study 

by B. L. Hart 

North East London Polytechnic 

From the point of view of the circuit 
engineer the d.c. model, for a given 
application, of an active device can be 
classified as "good" if it is as simple as 
possible, and easy to use on both 
pencil- and -paper and computer aided 
designs. Also it should be characterized 
by parameters that are readily obtain- 
able by measurements at the device 
terminals and that relate circuit perfor- 
mance potentialities and limitations to 
device design choices and fabrication 
process technology. 

The classic Ebers -Moll' (E -M) d.c. 
model of a bipolar junction transistor 
(b.j.t.) certainly fulfills these criteria. 
There can be little doubt that the E -M 
model has clarified the operation of a 
number of circuit designs and been 
responsible for the generation of some 
new ones. The advent of the equally 
classic Beaufoy- Sparkes2 charge -con- 
trol model of a b.j.t. facilitated the paper 
design, and predictable practical per- 
formance, of saturated b.j.t. switching 
circuits such as inverters, bistables, etc, 
and led to the formulation of various 
figures -of -merit for fast switching b.j.ts. 

Recently, work by Gibson3, Wedlock', 
and others has led to the development 
of a simple d.c. m.o.s.f.e.t. model which 
is analogous to the E -M model of a b.j.t. 
The aim of this article is twofold: to 
clarify - at a level comprehensible by 
the circuit engineer, rather than the 
device physicist - the basic operation 
of a m.o.s.f.e.t.; to introduce the Gib- 
son- Wedlock model and show how it 
meets the criteria of "goodness" out- 
lined above. 

Basic operation 
Because of its importance in digital 
electronics we consider, throughout, an 
enhancement -modes device. The 
symbolic representation, together with 
schematic cross -sectional views of the 
n- channel device selected for discussion 
are shown in Fig.1(a), (b) and (c) 
respectively. The source(S) - drain (D) 
spacing is L and, by definition, the 
gate(G) "width" is W. The S and D. 
diffusions - richly doped by comparison 
with the p -type substrate - are desig- 
nated n+ and have a plentiful supply of, 

electrons. Let us see what happens for 
the bias conditions VGS = VBS # O. The 
action of the device may, for the time 
being, be represented by two p.n 
junction diodes - the source -substrate 
junction, and the drain -substrate junc- 
tion - connected back -to -back. Irre- 
spective of the polarity of Vas there can 
be no significant drain current, IDs. This 

(gate) 

VGS 

(source) (drain 

(a) 

D 

(substrate 

metal gate 

metal source 
electrode (b) 

n+ 
silicon 

metal 
drain 
electrode 

p -substrate 

insulator 
(thickness,tox) 

p- substrate 

(c) 

Fig. 1. N- channel enhancement -mode 
m.o.s.f.e.t. (a) symbolic representation 
and terminal voltage designation (b) 
plan view of physical construction (c) 
cross -section corresponding to (b) 

is also the case if the substrate connec- 
tion, B, is left floating (though this is an 
operating condition not recommended); 
because one or the other of the two 
diodes is always reverse -biassed. 

Suppose, instead, that Vas = VDS = O 

but VGS >O. Under d.c. conditions there 
is no current in the gate lead, i.e. 1G = 0, 
because of the insulating properties of 
the oxide layer. Gate G acquires a 
positive charge and a corresponding 
negative charge is induced in the 
substrate surface layer beneath the 
gate. This arises as a result of electrons, 
drawn in from S and D, that are 
attracted to this region by the field in 
the oxide and holes that are repelled 
away from it. When VGS is sufficiently 
positive - by an amount known as the 
threshold voltage, VT - enough elec- 
trons are concentrated in the substrate 
surface layer to compensate the positive 
charge due to substrate doping and 
device processing. Thus, when VGS = VT 

the phenomenon of "inversion" is said 
to occur: the substrate just under the 
gate changes its polarity from p to n or 
"inverts." It must be borne in mind that 
the designation "n" means, basically, 
that the majority carriers are electrons, 
whether this be due to the fixed initial 
doping of the substrate wafer, or the 
induced doping from device biassing. 

After inversion has occurred a con- 
tinuous conducting layer or "channel" 
links the S and D diffusions. This 
channel, which is of uniform shape 
throughout its length, is normally only a 
few angstroms thick i.e. much less than 
the thickness, t0, of the oxide insulating 
layer (typically, 100nm). The n- channel 
forms with the p- substrate an induced 
p.n junction and, as with any conven- 
tionally fabricated junction there is an 
associated depletion region (see 
Fig.2(a), in which the thickness of the 
channel is exaggerated for clarity) and 
this serves to make the device self -iso- 
lating. Thus, built -in junction -isolation 
is not required, and a consequent saving 
in chip area is achieved, when a number 
of similar devices share a common 
substrate as in single -polarity m.o.s.- 
f.e.t. memory systems such as those 
used in pocket calculators. 
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(a) 

(b) 

o o O 

DiMUMikom 

oxide \\ \\ 
(substrate) 

channel depletion region 

Fig. 2 (a) Showing the presence of 
channel and depletion regions (b) 
equivalent circuit of 2(a) 

Under conditions of strong inversion 
(VGS- VT >VT, say) and with VDS = 0 the 
m.o.s.f.e.t. behaves physically as a 
parallel plate capacitor system 
(Fig.2(b)), in which one plate is G and 
the other, accessible via the source - 
drain connection, is the channel. The 
magnitude of the charge density on 
each plate is Co(VGS -VT), where Co is 
the gate -oxide capacitance per unit 
area. Let us now keep VGS> VT and 
arrange that 0 <VDS «VGs The charge 
of majority carriers on the lower plate 
of the capacitor is able to drift, under 
the influence 6f the x- directed ¿ field: 
there is no reverse -biassed p.n junction 
to impede the flow of electrons from S 
to D because the channel carriers have 
the same polarity as the S and D 
diffusions, hence IDS >O. Variations in. 
VGS cause variations in the density of 
charge carriers available for conduc- 
tion, and it is the modulation of IDS by 
the perpendicular field which gives the 
name field effect to the control function 
of this type of structure. (We have 
chosen VDS >0 for convenience. The 
choice VDS <0 leads to a negative value 
for IDS: once a channel is established the 
induced majority carrier charge can 
drift from S to D or with equal ease - 
provided j VDS1 «VGS - from D to S, the 
particular direction being dependent on 
the polarity of VDs. 

The assumed condition VDS« VGS 

ensures that the field in the oxide - and 
the channel charge density - varies 
only slowly throughout the channel 
length, and is perpendicular to the 
substrate surface. This is the 'gradual - 
channel approximation' used in first - 
order mathematical treatments. The 
existence of a finite VDS, and hence IDs, 
means that the channel charge density 
a(x) is non -uniform. The x - directed 
field in the channel produces a potential 
difference V(x) between S and some 

point in the channel distance x away 
from it. ( 

Thus, a(x) = -Co S VGS-VT-V(X) (1) 

If VD,«VGS, a(6 <x <L) -Co 
VGS -VT , and the channel depth 

varies only slowly along its length - see 
Fig.3(a). When VDS is comparable with 
VGS, a(x) varies significantly along the 
channel and this leads to a more 
pronounced wedge- shaped profile; 
however, a conducting channel always 
links S and D providing ja(0.- x< L) 0. 
A limiting condition exists when 
VGS-Vr-VDS=0 because, then, 10(0 
falls to zero at the drain end, i.e. 
V(x) = VDS, where the field in the oxide 
is least (Fig.3(b) - full line for channel 
outline). When VDS> (VGS -Vr) the 
channel does not extend along the full 
length of the source -drain separation 
but terminates (is pinched -off) at some 
point .P distant xp from S, at which 
ja(xp)j~0. (Fig.3(b), dotted curve). 

The choice of the term pinch -off for 
this mode of operation is not a comple- 
tely happy one since it suggests that 
IDS = 0 which is clearly not possible here 
because it is the presence of IDS which is 
responsible for V(xp). A self -limiting 
process is established in which the 
current remains sensibly constant at 
that value corresponding to x, = L, 
despite further increases in VDS. Ob- 
viously la(xp<x<L)j cannot be precise- 
ly zero because that would mean the 
absence of charge carriers in the surface 
substrate layer for xPx <L. That part 
of VDS in excess of (VGS -Vr) appears 
across the virtually depleted region 
between P and D and the field there 
helps speed the small, but finite, number 
of electrons at P on the remainder of 
their journey to D. Current continuity 
in the path from S to D is maintained 
because IDS is dependent on the product 
a(x)v(x), where v(x) is the mean carrier 
velocity. As la(x)1 decreases with x, 
Iv(x)1 increases. A self -limiting process, 
such as the one mentioned, is not 
unfamiliar in electronic devices and 

Fig. 3. (a) Channel conditions for 
VDS < < VGS (depletion layer omitted) 
(b) Channel conditions for 
VDS = (VGS-VT), full- curve; 
VDS >(VGS -VT), dotted curve. 

V05(« VGS ) 

VGS 
© 

DS 

.X=o X=L 
(substrate) 

(a) 
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Fig. 4. An hydraulic analogy to 
m.o.s.f.e.t. pinch -off mode operation 

suggests the existence of some internal 
negative feedback mechanism. A simple 
hydraulic analogy will help to clarify 
this for the case of the m.o.s.f.e.t. 

Fig. 4 shows the .crass- section of ä 
possible self -limiting water flow system. 
C is a cylindrical chamber with an inlet 
pipe I, the diameter of which is much 
greater than that of the outlet tube, O, 
located at the bottom. Cylindrical 
sleeve, S, attached by rigid support 
rods, R, to a float unit, F, slides up and 
down the internal wall of C and - in one 
position - is capable of completely 
covering the inlet port. Under steady - 
state conditions (hydrodynamic equili- 
brium) F floats to a level, H, above O 
causing S to partially cover the inlet 
port. In likening this condition to pinch 
off in a m.o.s.f.e.t. we note that a flow 
rate (channel current), which is a 
function of the bore of O, is associated 
with a head, H (channel voltage) that, in 
itself, restricts the flow rate to a sensibly 
constant value dependent on the 
mechanical dimensions (electrical par- 
ameters) of the component parts. Other, 
and more precise, hydraulic analysis 
could be envisaged, but the one men- 
tioned serves well enough for our 
discussion. The ideal constant -current 
characteristic of pinch -off operation is 
not observed practically because of the 
dependence of IDs on conducting chan- 
nel length, which is a weak function, 
usually, of VDS. Though this effect is 
understood, and can be allowed for, it is 
neglected in the d.c. model now pre- 
sented. 

(b) 
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(a) 

Fig. 5. (a) Characteristics of a 
square- law -diode (b) symbolic 
representation of (a) 

(b) 

Fig. 7. M.o.s.f.e.t. square- law -diode d.c. 
model (a) form based on equation (4) of 
text (b) arrangement of (a) (c), 
development of (b) 
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Fig. 6 An equivalent circuit of (a) is 
shown in (b) 
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Fig. 8. Final d.c. model for Fig. 1(u) 
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M.o.s.f.e.t. d.c. model 
For VGS <VT, VDS<(VGS -VT), the d.c. 
characteristic of the n- channel m.o.s.- 
f.e.t. shown in Fig. 8 can be expressed 
mathematically in the form, 
IDS = X[2VDs (VGS- VT) -V2DS] (2) 

where X is a conductance coefficient 
(with dimensions A/ V2) given by, 

X =Ile EEox(W /2)L tax (3) 
in which: e= permittivity of free space; 
cox = relative permittivity of oxide; 

= effective mobility of electrons in the 
substrate surface layer. 

A simple derivation of (2), based on a 
quantitive discussion of the physical 
electronics of device operation outlined 
above will be given in Part 2. 
For the present purposes we can put (2) 
into a more convenient form by making 
the.temporary substitutions: 

a = (VGs - VT) : b = VDS 

Then, IDS = X[2ab -b2] = X[a2- (a -b)2] 
(3) 

Now, (a -b) = (V GS- VT- VDS) 
= (VGD-VT) (4) 

Hence, substituting back into (3), (2) 
becomes, 

'Ds - X[(Vas -Vr) -(VGD -Vr)2] (5) 
Equation (5) can now be used, directly, 
in the construction of a d.c. model by 
imagining a fictitious square- law -diode 
'with the d.c. characteristic in Fig. 5(a). 

There is no standard symbol for such 
a device: the one proposed here, and 
favoured by this author, for its sim- 
plicity is shown in Fig. 5(b). Clearly, the 
d.c. circuit model for a square law 
characteristic offset from the origin by 
an amount VR, Fig. 6(a), is an ideal 
square -law diode with an inbuilt. 
opposing battery VR (see Fig. 6(b)). 

By an extension of this argument the 
model representing equation (5) and 
hence (2), is shown in Fig. 7(a). The 
intermediate form Fig. 7(b) and the final 
form, Fig. 7(c), both have terminal 
voltages and currents respectively 
identical to those of Fig. 7(a) and are 
thus - from a circuit theory and 
application standpoint - equivalent to 
Fig. 7(a). Two effects have been 
ignored, substrate bias and bulk resis- 
tance, but these will be considered in 
Part 2. 

(To be continued) 
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Integrated- circuit 
transceivers 
Back in 1970, Tich Ryan, G3VJN, found 
that the linear integrated circuit ampli- 
fiers types CA3020 and CA3020A, usual- 
ly regarded as intended for audio 
frequency applications, were generally 
capable of providing significant r.f. 
output at frequencies as high as 21MHz. 
On 7MHz the CA3020 will usually 
provide 500mW output and the 
CA3020A over 1 -watt. 

A number of British amateurs have 
since used such devices in conjunction 
with the SL600 series of integrated 
circuits to provide compact, all- solid- 
state s.s.b. /c.w. transceivers. One of 
those who have recently been interest- 
ed in this approach is Leslie Moxon, 
G6XN, who has built an equipment 
which includes two of the recent SL613 
devices to provide r.f. clipping of the 
speech. Powered by a 6 -volt lantern 
battery, his transceiver provides an 
output of about 250mW on 14MHz from 
a CA3020A and is capable of working 
quite easily into Eastern Europe. He has 
also been developing a 2 -watt "linear" 
amplifier for use when higher power is 
needed for long- distance contacts. 

More repeaters 
Two more v.h.f. repeaters have been 
authorized by the Home Office: Moel- 
y -Parc, GB3MP, and Burnley, GB3RF, 
both intended primarily for use by 
n.b.f.m. mobile and portable stations. 
GB3MP is expected to open during 
March or April on channel R6 
(145,15MHz in, 145.75MHz out) and is 
sited at the IBA's television station near 
Clywd, North Wales. Under normal 
propagation conditions, it is expected to 
provide coverage of much of North 
Wales and North -west England, includ- 
ing Manchester, Liverpool, Preston and 
the coastal strip up to the Morecambe 
Bay area as well as parts of the Isle of 
Man. The repeater, under the aegis of 
the UK FM Group (Western), has been 
financed largely by contributions from 
over 125 licensed members.. The verti- 
cally polarized aerials, between 200 to 

300 ft up the IBA mast, are over 1300 ft 
above sea level. Applications have also 
been submitted by this group for 70cm 
u.h.f. repeaters at Manchester 
(GB3MR), Colwyn Bay (GB3LL), Liver- 
pool (GB3LI) and Stoke -on -Trent 
(GB3ST). A linear repeater project is 
also being considered. 

The very high usage of the London 
repeater, GB3LO, has been measured by 
W. Blanchard, G3JKV, and amounts to 
an average of between 51 to 58 minutes 
per hour throughout the period 0800 in 
the morning to midnight and remains 
substantial at all times except between 
0400 and 0600. 

The latest IARU list of repeaters in 
the German Federal Republic includes 
over 120 operational stations including 
some cross -band (432/144 MHz), r.t.t.y., 
1260MHz and amateur TV repeaters. A 
70cm amateur TV repeater in 
Alexandria, Virginia, has a vision 
output of 800 watts e.r.p. and handles 
both vision and sound signals conform- 
ing to the US 525 -line specification. 

Random 
communication? 
There seems among some British ama- 
teurs a growing degree of disillusion 
with the way that amateur phone 
communication is developing, arising 
from the widespread adoption of the 
popular and effective Japanese s.s.b. 
transceivers for h.f. and increasingly 
for v.h.f. Operation of these units, unless 
carried out with specific aims or as part 
of an interest in aerials or propagation, 
often fails to retain the interest of 
amateurs who previously spent part of 
their time testing home -built equipment 
or "assembling" highly individual sta- 
tions based on commercial and surplus 
units. Often - as in the classic Tony 
Hancock record - amateurs who 
acquire the current all- swinging little 
boxes show a burst of eager activity 
followed by fewer and fewer appear- 
ances on the bands. Is there any morale 
to be drawn from the fact that similar 
fading interest does not seem to affect 
those who pursue specific operating 
interests such as low -power (QRP) 
operation, the various specialist modes 
or even c.w.? One has the impression (or 
is it merely prejudice ?) that amateur 
operating activity that involves some 
degree of personal effort or skill or 
training or with a definite technical or 
other aim results in far more dedication 
than random radiotelephone operation 
based on one specific piece of equip- 
ment. Few people would wish for long 
to sit beside an ordinary telephone 
dialling random numbers - or would 
they? 

On the bands 
The Home Office has approved the start 
of the GB2ATG r.t.t.y. news bulletin 
broadcasts from March 7, following four 
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weeks of trial transmissions. The bullet- 
ins are transmitted on Sundays at 1200 
(3590kHz, F1, 170Hz shift); 1215 
(144.6MHz beaming north from Lon- 
don, F1, 850Hz shift); and 1230 (London 
area only, 144.6MHz, F2, 170Hz shift). 

The Royal Signals Institution has 
made a grant of £200 to the Royal 
Signals Amateur Radio Society towards 
the cost of new aerials, including a 
ten -element crossed -Yagi, to allow the 
headquarters station, G4RS, at Bland - 
ford Camp, Dorset, to operate through 
the Oscar beacons. 

The Home Office has refused an 
RSGB request to lift or modify the 
restrictions applying to the use of 430 to 
432 MHz by amateurs living within the 
area 53 -55° north, 2 -3° west and has 
stated that these are likely to continue 
for many years. 

During December /January a number 
of contacts were made on 1.8MHz by 
European stations (including some in 
the UK) with Australian stations in 
Victoria and Western Australia. The 
"twilight boundary" or "Grey line" 
technique (working along the great 
circle route representing the dawn/ 
dusk or dusk /dawn boundary) has also 
brought good long -distance contacts to 
many stations on 3.5MHz during recent 
months. 

The RSGB has recommended that 
QSL cards should not exceed about 
51/2 by 31/2 inches as larger cards 
cause handling problems for the QSL 
Bureaux. 

In brief 
Class A licences in the series G4FAA are 
likely to be issued soon. Over 21,750 
people held UK Class A, B or amateur 
TV licences on November 30, 1975 and 
there were almost 6000 mobile licences 
. . . The British Amateur Radio - 
Teleprinter Group are holding a "Spring 
r.t.t.y. contest" between 0200 GMT on 
March 27 to 0200 GMT on March 
29 ... The Norwegian national society, 
NRRL, has a membership of just over 
2500 with about 3700 licensed amateurs 
in the country and with some 18 
repeaters in operation ... "World Radio 
Club ", the BBC World Service weekly 
programme for short -wave listeners, 
has 'recently enrolled its 25,000th 
member ... The RSGB are providing an 
examination centre in Central London 
for the next Radio Amateurs' Examina- 
tion on May 20 ... Among recent new 
ITU prefix allocations are: D2A to D3Z 
.Angola; D4A to D4Z Cape Verde; and 
D5A to D5Z Liberia . .. The Emley Moor 
beacon station (February issue) is under 
the aegis of the Northern Heights 
Amateur Radio Society and is not yet in 
regular operation ... A mobile rally is 
being held for the North Midlands at 
Drayton Manor Park, Tamworth on 
April 25; the White Rose Rally is at 
Lawnswood School, Leeds on March 28. 

PAT HAWKER, G3VA 
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Introducing analogue multipliers 
This article is complemented with the practical circuits of set 
29 of Circards 

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams 

Paisley College of Technology 

In the processing of electrical signals 
there is a need for circuits that can 
perform all the standard arithmetical 
processes - addition, subtraction, mul- 
tiplication and division. The first two 
fall into the domain of linear amplifiers 
and present no great difficulty; the 
last- mentioned pair provide a real 
challenge to the ingenuity of circuit 
designers. Fig. 1 shows the waveforms 
of a particular example where an input 
signal Y is to be under the control of a 
second input X, the output being of the 
form XY. This is a gain -controlled 
amplifier and is one of the simpler 
forms of multiplier since usually the 
gain is required to be either positive or 
negative and not both. Hence X takes 
up only one polarity, and Fig. 2 shows 
the multiplier as needing to operate in 
only two of the four quadrants viz X 
positive, Y positive and X positive, Y 
negative. Such a system can be realized 
as in Fig. 3 where y1 corresponds to Y 
and y2 to X. In many such circuits it is 
not even essential that the gain be a 
linear function of y2, in which case the 
circuit ceases to be a multiplier. A 
problem with circuits based on this idea 
is that of finding a resistor having 
negligible non - linearity over a suitable 
range of currents and voltages, while 
being controllable by an external signal. 

While true and direct multiplication 
would be ideal, and can be obtained by 
using suitable transducers such as 
Hall- effect devices (see card 9), the 
designer often has to resort to devices 
and circuits obeying other laws. These 
are then manipulated until some 
combination of them yields a term 
which is proportional to the product of 
two signals. 

It can be very difficult to eliminate all 
unwanted terms consistently and over a 
wide range of temperatures and supply 
voltages. One well -established tech- 
nique is to use a circuit with a square - 
law voltage transfer function. This 
can be synthesized by a "piece -wise 
linear" technique, where a network of 
diodes, resistors and reference voltages, 
provides a slope that changes progres- 
sively as the input increases (see card 1). 
With a large enough number of. seg- 
ments, a power law can be approached 

1 

2 

XY 

4 

(X+Y ) 

(X-Y) 

squarer 
( X +Y)2 

squarer 

to any desired degree of accuracy. For 
economy the number of segments has to 
be restricted particularly if both polar- 
ities of input have to be accommodated 
- twenty or so might be needed in such 
a case. 

The quarter- squares multiplier 
applied in analogue computing uses two 
such squaring circuits as shown in Fig. 
4. The sum of the two input signals is fed 
to one squarer, and the difference to a 
second. Each output contains a product 
term but also the square of each input 
signal. By subtracting the two outputs, 
these square terms cancel leaving only 
the product term, in this case 4XY i.e. a 
quarter of the output giving the desired 
multiplication of X by Y (card 1). 

Of considerable interest in this 
respect are the characteristics of field - 
effect transistors. Both junction and 
m.o.s. devices have an on- resistance 
below pinch -off that is controlled by the 
gate -source voltage. The resistance is 
non -linear but can be linearized with 
feedback, while the control -law con- 
tains a square -law term (card 10). 

Although bipolar transistors have 
output current /input voltage transfer 
characteristics which include square - 
law terms, their true nature is exponen- 
tial with all their higher -order terms. It 
would be pointless to try to manipulate 
these transfer functions in the same 
way as above. Instead the exponential 
function is exploited directly in various 
ways. The exponential equation is 
reasonably accurate for p -n junctions 
over a few decades of currents. To 
ensure that the current in the diode/ 
transistor is well -controlled the device 
can be placed in the feedback path of an 
operational amplifier, Fig. 5. 

F- 
0(-02 )2 

diff 
amp 

(X2+2XY +Y2) 
-4XY -(X2- 2XY +Y2) 
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One problem introduced by the use of 
a transistor is that of the increased loop 
gain, the transistor operating effective- 
ly in common -base with a voltage gain 
dependent on the input voltage. This 
leads to h.f. oscillation unless the 
amplitude- frequency response is care- 
fully controlled by means of external 
compensation - one possibility being 
capacitive feedback from output to 
inverting input, by- passing the transis- 
tor at high frequencies. To use this 
logarithmic function for multiplication 
(as in card 4) the system shown in block 
diagram form in Fig. 6 may be used. The 
antilog circuit is simply a log circuit 
with input (resistor) and feedback 
(diode /transistor) elements inter- 
changed. Similar systems can be 
devised to provide other power law and 
ratio circuits by expressing the desired 
function in log /antilog forms first. 

A related technique uses multiple 
transistors (card 8), shown in a general 
confieuration in Fig. 7. It is assumed 
that the currents are controlled by 
external generators and /or feedback 
with one of them, or the difference 
between two of them, as the output. In 
the example shown, for 12 maintained 
constant, II cc 13 14 i.e. a multiplier. As 
shown, operation would be restricted to 
a single quadrant, but a large number of 
circuits have been published both to 
extend the operation into all four 
quadrants and to produce a range of 
interrelationships such as those based 
on the log approach. 

A totally different approach yielded 
many ingenious and effective multi- 
pliers, prior to the ready availability of 
matched transistors. It stems from the 
concept that the terms to be multiplied 
need not remain in the same physical 
domain while being processed e.g. the 
variables of interest may both be 
voltages and the output may also be 
required as a voltage but each input 
may be used separately to control a 
different parameter of an output wave- 
form, while a third property might be 
proportional to the product of the other 
two. 

Consider the pulse waveform shown 
in Fig. 8: The pulse height is V, the 
repetition frequency f= 1 / T and the 
pulse width of At. The mean output 
voltage as would be indicated on a 
moving coil meter is given by the 
product of these three variables, 
increases in each individually produc- 
ing a proportional change in that mean 
value. Thus if any pair of these variables 
(f, V), (f, At) or (V, At) is brought under 
the separate and linear control of two 
input voltages, then the mean output 
voltage is a measure of the input 
product (card 2). There is a close 
relationship between these circuits and 
various forms of pulse modulators in the 
same way that the analogue multipliers 
described earlier are related to ampli- 
tude modulators. 

There are purely digital methods of 
multiplication, but an intermediate 
solution is offered by the multiplying 
d. -to -a. converter. For a given binary 
input the converter has a number of 
output switches activated. If these 
operate on an external reference vol- 
tage the final output depends on the 
product of that reference voltage and 
the binary number. A class of digital 
circuits called binary- rate -multipliers is 
used to operate on a pulse train, 
producing a second train of pulses at a 
slower rate, card 3. At first sight this 
must cast doubts on the terminology 
since we associate multiplication with 
outputs greater than the inputs. The 
property of the circuit is however to 
multiply the input pulse rate by a factor 
such as n /100 where n < '100 add n can 
take up any value between 1 and 100, i.e. 
it is equivalent to multiplying by n but 
shifting the decimal point by two places. 

The variety of methods available for 
achieving the multiplication of two 
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variables electronically is growing, and 
modules are readily available to a high 
degree of accuracy. As the methods 
vary widely in both properties and in 
the physical processes involved it is 
important to consider the options 
carefully - it is a field where the 
opportunities to place one's foot firmly 
in it (unspecified) are remarkably high. 

Topics of set 29 Circards 

-Qtiarter- squares multiplier 
V -f converter multiplier 
Delta -sigma modulator /multiplier 
Log -antilog multiplier 
Triangle-wave averaging multiplier 
Four -quadrant multiplier - character- 
istics 
Four -quadrant multiplier - applica- 
tions 
Translinear multiplier 
Hall- effect multiplier 
F.e.t. analogue multiplier 

Tested circuits on the above topics are 
given in set 29, obtainable for £2 post 
free from: 

IPC Electrical -Electronic Press Ltd 
General Sales Dept, Room 11 

Dorset House 
Stamford Street 
London SEI 9LU 
Subscriptions cost £18 for ten sets 

(100 cards minimum). When ordering 
specify which set your order should 
start with, and make cheques, postal 
orders or money orders payable to IPC 
Business Press Ltd. See advertisement 
on page 6). 

Topics covered so far in-Circards are: 
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 functions 

(available April) 
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Television tuner design notes 
Constructional hints in the light of experience 

by D. C. Read, B.Sc. 

Following publication of the TV tuner 
design details (WW, October, No- 
vember, December 1975 and January 
1976), a number of aspects of construc- 
tion and operation have been queried. 
Happily, none of the questions suggest 
faulty design; most are concerned with 
minor effects, and the problems that 
have occurred have been easy to solve. 
For readers who are at present building 
the tuner or perhaps thinking of doing 
so, the various points are discussed 
below. 

Modification to accommodate 05 
version of ELC1043 module 
As shown in Fig. 17 (part 3), the 
tuning- voltage spread for the 
ELC1043/05 is about 1 volt at the lower 
frequencies. If a module on the low side 
of this spread is installed, the tuning 
voltage required to select channel 21 
(471.25MHz) would probably be about 
0.5 volt. But with the circuit as in Fig. 14 
(part 3) the least voltage which can be 
fed from IC2b to the u.h.f. tuner (point C 
in Fig. 2 Part 1) is appreciably more than 
I volt. 

To obtain the necessary lower vol- 
tage, the IC2b circuit modification 
suggested below would be suitable. It 
provides a voltage offset for IC2b output 
which is maintained at a constant value 
over a considerable range of ambient 
temperature. 

In this modified circuit, the 3.3 volt 
zener diode draws a low bits current 
through the 18kS2 and 10kS2 resistors 
from the 11 -volt supply rail, and holds 
point C at a constant 2 volts negative 
with respect to the IC7, output. Given 
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layers 

Qi u 15 

(DC) 
3 OO9 13 I 
OOO 12 16 

last turn 

E2 
former 
winding 
space 

rubber pad 

Ferrox 
outer casing 

, errox winding 
former 

Ferrox . 

tuning 
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this standing bias, the tuning voltage 
fed to the u.h.f. module can be reduced 
to zero or even below, and therefore 
enables selection of channel 21. The 
silicon junction diode connected 
between IC2b output (pin 6) and the 
inverting input (pin 2) provides an 
overall positive voltage- versus -temper- 
ature variation which matches and 
counteracts the negative -going drift in 
the zener. 

A tuner modified in this way has been 
tested over an ambient temperature 
range much greater than would be 
experienced in practice. The trial 
showed that voltage tracking between 
the diodes was quite effective so that 
the a.f.c. system does not have to adjust 
for variation in the added bias. 

Pile- winding of Neosid type -E2 coils 
The components list ir. part 3 shows 
that inductors Ls - L13 are pile -wound on 
type -E2 formers. Pile winding is an 
effective way of reducing self- capaci- 
tance in coils, particularly those with a 
relatively large number of turns e.g. L10. 
It prevents spurious resonances occur- 
ring and is generally used to ensure that 
the larger part of the designed circuit 
capacitance is obtained from known, 
discrete components rather than from 
indeterminate strays in the winding. 

The accompanying diagram illus- 
trates how the windings are started and 
then gradually stacked, as it were, in 
vertically- slanted layers across the 
former winding space. The winding 
height (h) must be judged to suit the 
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number of turns. The basic aim; of 
course, is to keep turns with the largest 
r.f. voltage difference as far apart as 
possible. With care it is not a difficult 
construction technique to master; the 
friction of silk- covered litz wire eases 
the slant stacking. Failing its use, it may 
be found that tuning capacitance values 
as shown in the Fig. 2 circuit will have to 
be reduced to accommodate the extra 
winding capacitance which will result; 
in this event, the specified tuner 
performance might be difficult to 
achieve. 

As shown in the exp odes diagram 
on p.83, a rubber "cushion" with an 
offset hole is included in the necessary 
fitments and is laid between the top of 
the former and the shielding can. It is a 
most important item. If the tuning core 
is screwed fully "home" with the 
cushion omitted, it could reach, and 
press against, the former base. When 
this happens, further rotation of the 
core lifts the nylon collar clear of the 
ferrite ring, allowing it to move up and 
down with the resulting random 
changes of inductance. It might then be 
necessary to remove the inductor 
screening can_from the board, dism ant_le 
it and re -seat the collar. 

The rubber cushion fills the gap 
between the collar and the can top and 
so restricts any such movement. To help 
it do this, remember to push each can 
firmly down on to the board before 
soldering the lugs to the earth plane; 
this action compresses the rubber. 

Adjustment of L4 /L 5coupling 
capacitor 
In Fig. 2, it is shown that the "top -C" 
coupling for L14/L15 is provided on the 
printed -wiring board by track capaci- 
tance. Because of variation in the 
etching process, some of the boards 
supplied have a value of capacitance 
which is too large (too little space 
between tracks). In this event, the 
sound i.f. response as exampled in Fig. 
20 of part 4 might be difficult to achieve, 
and the value would have to be reduced. 

Adjustment is easily made by care- 
fully scraping a small amount of copper 
from the board so as to widen the gap 
between tracks until the response is 
correct. As explained in step 9 of the 
line -up instructions (part 4), satisfac- 
tory response obtains when the transfer 
of energy by the L14/L15 circuit is equal 
about the carrier frequency. For a value 
of coupling C which is too large, the 
tendency will be for more energy to be 
transferred on the high- frequency side 
of the carrier i.e. the part of the 
spectrum towards the vision -fre- 
quencies. 

Pre -set tuning arrangements 
The photograph in part 4 shows a 

push- button assembly connected to a 

tuner board equipped for sound -only 

reception; the full vision and sound 
version can also be fitted with push- 
button control. But, in adding this 
facility, the high -value variable resis- 
tors provided in these assemblies for 
pre -set adjustment are not suitable as 
direct replacements for the components 
(R91 R94, 1297, R100) specified for the 
tuning -voltage supply circuit given in 
Fig. 2. 

The difference in resistance value 
creates two problems, both involving 
the 22µF tantalum capacitors (C70 to 
C73) connected across each pre -set. 
Referring to Fig. 2, the R., /C59 combin- 
ation at the input to IC2b is needed to 
reduce a.f. modulation present in the 
discriminator output feed used for a.f.c. 
But when channel reselection takes 
place, the voltage on C59 must be 
appropriately increased or reduced as 
quickly as possible to complete the 
re- tuning process. Mainly, voltage 
change results from the charge transfer 
between C59 and whichever of the 22µF 
tuning -supply reservoir capacitors is 
connected into circuit, at the instant of 
reselection. The feed of current from the 
d.c. supply through the relevant pre -set 
resistor then completes the change. The 
effective time constant is determined by 
the pre -set chain resistance, which is 10 
kS2 in the original (published) circuit as 
compared with 100 kS2 for the push- 
button assemblies. Thus with the 
push- button unit, the time taken to 
bring the voltage within the range 
covered by a.f.c. and so re- establish 
settled tuning conditions is increased by 
up to 10 times. 

The other problem concerns the 
leakage current taken by tantalum 
capacitors and the variation of this with 
temperature. For these capacitors, 
leakage can double for every 10 deg C 

change in temperature; for a d.c. source 
impedance of 2.5 kS2, as in the original 
circuit, this represents a voltage change 
of about 5mV. Such a voltage applied to 
the ELC1043 u.h.f. module causes a 
frequency change of about 0.1MHz, 
which is easily corrected by a.f.c. With a 
d.c. source of 25 kS2 as presented by the 
push- button pre -sets, however, the 
frequency bias resulting from capacitor 
leakage could be as much as 1MHz. 
Although this is still within the a.f.c. 
range, the offset is unacceptably large 
because in one direction the degree of 
control then remaining to counteract all 
other tuning change effects is severely 
limited., 

In practice, an elegant arrangement is 

possible: the two pre -set chains - high 
and low resistance - can be connected 
in parallel. If this is done, the high -re- 
sistance push- button pre -sets are ini- 
tially put to mid -range and coarse 
adjustment for the required channels is 
carried out using the original low -value 
resistors. Subsequently, fine tuning is 
completed by means of the high -value 
controls so that the a.f.c. system is then 
arranged to operate exactly in the 
middle of its range for each selected 
station. 
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Component- location diagram 
The following are errors in the location 
diagram supplied with the printed 
wiring board. 
- The tantalum capacitor C74 across 

zener diode D14 at the base of T14 is 
shown reversed. As indicated in the 
circuit diagram of Fig. 2, the C74 

positive terminal should be connect- 
ed to the transistor base and to the 
positive end of the parallel zener. 

- The positions marked IC2a and IC2b 

are inverted in the diagram although 
the component type numbers are 
correct. The SN72741P, IC2b, is at the 
top and the SN72748P, IC2a, at the 
bottom. 

Finally, the ELC1043/05 module can be 
obtained from Manor Supplies, who 
also offer an alignment service. 

T. C. Owen 
Many of the long standing advertisers in 
Wireless World will be saddened to hear of 
the death of T. Charles Owen, who was 
advertisement manager of the journal from 
1925 to 1959. Born in 1894 (the year Heinrich 
Hertz died), Tommy Owen made his career 
among the pioneers of radio. He joined 
Marconi's Wireless Telegraph Company in 
1912 as an assistant in the cashier's depart- 
ment, and knew Marconi personally. He 
handled the cash side of The Marconigraph, 
and when this became The Wireless World in 
1913, began his long, 47 years' association 
with the journal. 

At the outbreak of the First World War in 
1914 he joined the Royal Welch Fusiliers and 
saw service in France, but was invalided out 
in 1916. He returned to Wireless World in 
1917 and subsequently was put in charge of 
the office, sales and despatch department of 
Wireless Press Ltd, then at Marconi House in 
the Strand, London. Iliffe bought this 
company in 1924 and shortly afterwards Mr 
Owen was made advertisement manager of 
Wireless World. It was in the early 1920's that 
he got to know E. K. Cole, J. L. Baird and 
many other pioneers of radio and television 
in the U.K. The old 2L0 broadcasting station 
in London was familiar ground to him. 

A genial, greatly respected figure, he 
conducted the advertisement business of 
Wireless World with continuing success until 
his retirement in 1959, when he was suc- 
ceeded by G. Benton Rowell. Mr. Owen died 
in February, aged 81. 

G.B.R. 
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New 
Products 

Function generator 
The model 119 voltage -controlled fre- 
quency function generator has been 
added to the range produced by Exact 
Electronics Ltd. This unit has a 
frequency range from 0.02Hz to 2.2MHz 
with sine, square, triangle and variable 
time symmetry of all waveforms for 
ramp and pulse operation. A v.c.f. input 
is provided to allow the generator 
frequency to be varied either up or 
down over a total range of 1,000:1. 
Minus 10V d.c. will increase the fre- 
quency by three decades from a mini- 
mum multiplier setting, and plus 10V d.c. 
will decrease it by a similar amount 
from a maximum multiplier setting. The 
"high" output delivers 20V pk -pk on 
open circuit, or 10V pk -pk into 50 ohms 
whilst the "low" output gives 632mV 
pk -pk open circuit or 316mV pk -pk into 
50 ohms. An amplitude control provides 
a 30dB attenuator for both high and low 

WW 301 for further details 

,111. 

outputs which are available simultan- 
eously. An invert switch allows the 
pulse and ramp waveforms to be 
reversed in polarity and a d.c. offset 
control gives up to ± 10V adjustment. A 
t.t.l.- compatible pulse output is provid- 
ed in the front panel. Dana Electronics 
Ltd, Collingdon Street, Luton, Beds. 
WW 301 for further details 

Infrared oven 
For reflow soldering, drying thick -film 
paste, curing photo- resists and sprays 
and many other small -scale heating, 
drying, soldering and curing applica- 
tions, a new infrared oven has been 
introduced to this country by Dage 
Intersem Ltd. Called the TR -91, it is 
manufactured by Glo- Quartz Ovens 
Inc, California and is suitable for 
bench -top ,use. It incorporates a varia- 
ble speed (0 -4ft per minute) stainless 
steel conveyor belt and may be inte- 
grated into existing production lines. 
Dage Intersen Ltd, Haywood House, 
Pinner, Middlesex. 

WW 302 for further details 

Inverter for TV sets 
Inverter LF100T has been designed to 
operate mains -driven TV sets from a 
12 -volt car battery or similar d.c. source. 
The inverter delivers a rectangular 
output waveform with a form factor 
suited to models relying on r.m.s. or 
peak voltage values. The maximum 
power output is 100W at a nominal 240V 
a.c. Input must be within 11 to 16V d.c. 
Full protection against output short 
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WW 303 for further details 

WW 305 for further details 
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circuits or overloads is incorporated and 
the unit is fuse protected against 
incorrect input polarity connection. 
Further protection is provided by an 
electronic trip circuit which shuts down 
the power unit should the battery 
voltage fall below 11V, thereby pre- 
venting undue battery drain. The unit 
also trips should over heating occur. 
Dimensions are 180 x 130 x 90mm, it is 
mechanically robust and will withstand 
electrical surges of up to 20V for 80ms or 
spikes up to ±300V for 151.is. Weir 
Instrumentation Ltd, Durban Road, 
Bognor Regis, Sussex. 
WW 303 for further details 

Spark tester for defects 
Designed for the detection of flaws, 
defects or porosity in non -conductive 
materials, the Goodburn model GBP20 
portable h.f. spark tester incorporates a 
replaceable plug -in coil. The tester has a 
variable output control which adjusts 
the spark length to suit different 
applications, combining optimum fre- 
quency with safety in use. The unit will 
test such materials as rubber, plastics, 
ebonite and bituminous coatings up to 
25mm thick. Voltage input can be set to 
100/125V or 220/250V at 30W power 
consumption. Output frequency is 
200kHz and maximum output voltage' 
55kV. The generator is housed in a 
compact pistol- shaped moulded polyth- 
ene case. In testing, the surface of an 
object is systematically checked by 
passing over it with the correct probe. 
Voids and defects will be recognized by 
the passage of a bright spark accom- 

WW 302 for further details 

WW 304 for further details 
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panied by an audible hissing noise. 
Goodburn, The Welding Centre, Arun- 
del Road, Trading Estate, Uxbridge, 
Middlesex UB8 2SE. 

WW 304 for further details 

Digital multimeter 
A new 31/2- digit, five function, auto - 
ranging digital multimeter from Hew - 
lett- Packard measures voltages from 
±0.1mV to 1kV d.c. and from 0.3mV to 
700V r.m.s. a.c. Resistance is measured 
from 1mS2 to IMO whilst current can be 
measured from O.1mA to 1.1A d.c. and 
0.3mA to 1.1A a.c. Autozero, autopolar- 
ity and autoranging are built in. Typical 
accuracy for direct voltage measure- 
ments is 0.5% and direct current accur- 
acy is 1 %. On alternating voltage ranges, 
frequency is specified to 10kHz, while 
a.c. measurement is to 5kHz. Accuracy 
of resistance measurements is within 
0.6% on the three highest ranges and 0.4% 
on the two lower ranges. Open circuit 
voltage is less than 4V. Input resistance 
on all voltage ranges is 10MS2 with input 
capacitance of less than 30pF. The 
model 3476 is protected to 1100 volts 
peak on all ranges. A range hold feature 
is included that allows the instrument to 
be locked to any desired range. Hewlett 
Packard Ltd, King Street Lane, 
Winnersh, Wokingham, Berkshire 
RG11 5AR. 

WW 305 for further details 

Integrator 
The D -block integrator from Lee -Dick- 
ens Ltd operates by providing a pulse 
rate which is linearly proportional to an 
input amplitude. The pulses are then 
amplified to drive a separate electro- 
magnetic counter. The unit accepts 
signals with a minimum span of 100mV 
and input currents of 0 -10 and 4 -20mA. 
The output pulse is 24V d.c., 40ms wide 
and the output, at minimum input, may 
be up to any count rate between 120 and 
12,000 counts per hour. The module will 
operate from either 100 -120V or 
210 -250V and the power requirement is 
approximately 2VA. Each instrument is 
supplied factory calibrated from Lee - 
Dickens Ltd, Desborough, Kettering, 
Northants. 
WW 306 for further details 

Instrument case 
Boss Industrial Mouldings has recently 
introduced the BIM300 instrument case. 
The unit measures 250 x 167.5 x 
68.5mm and has a volume of 2000cu.cm. 
The case has two similar covers screwed 
onto an 18 s.w.g. chassis which is 
pre -punched to accept an IEC mains 
socket. Internal upper and lower brack- 
ets are also provided for mounting 
printed circuits boards. The top and 
bottom covers are constructed from 
s.w.g. aluminium which is stove ena- 

melled in either red, grey or orange. The 
cases are priced at around £12.50 in one 
off quantities from Boss Industrial 
Mouldings Ltd, Higgs Industrial Estate, 
2 Herne Hill Road, London SE25 OAU. 

WW 307 for further details 

Automatic millivoltmeter 
An analogue, alternating millivoltmeter 
from the NF Circuit Design Block Co., 
the Model M -176, will change ranges 
automatically from lmV to 300V full - 
scale. A hold mode is provided and with 
this in use the ranges can be changed 
manually. Range- change switching 
points are at 25% f.s.d. in the downward 
direction and slightly over 100% up- 
wards, although provision is made for 
variations. A row of l.e.ds indicates the 
range in use. A sensitivity control is 
fitted for convenience in making ratio 
measurements. The stated error is ± 3% 
or less; frequency /indication response 
is within 0.3dB from 20Hz to 500kHz and 
ldB from 10Hz to 1MHz and a 1V output 
is taken to front panel sockets. Lyons 
Instruments, Hoddesdon, Herts. 

WW 308 for further details 

Flexible jumperlinks 
The latest ribbon cabling product to be 
offered by Tekdata Ltd is CK Jumper - 
links. These are sections of flat inter- 
connections for short -distance connec- 
tion of p.c.bs and connectors. They are 
custom made in rolls ready to be cut by 
the user, and consist of tinned copper 
wires or self- fluxing enamel wires held 
at the required pitch by woven sup- 
porting strips. Any wire pitch or length 
up to 8cm can be ordered in quantity 
and coloured bands at stipulated separ- 
ations can indicate the cutting points. 
The maximum wire gauge is 30 s.w.g. 
After a section has been cut from the 
strip of sections and the ends trimmed, 
it is ready for termination at lay -on 
joints or poke- through holes and it may 
be reflow soldered. Tekdata Ltd, West- 
port Lake, Canal Lane, Tunstall, Stoke 
on Trent, Staffs. 
WW 309 for further details 

Logic -state indicator 
The Ryley Logic Clip is a dual -in -line 
instrument which provides a simultan- 
eous display of the logic state at each 
pin of an i.c. Indication is by means of 
l.e.ds which have a numerical -slide for 
pin number identification. The clip has 
high impedance inputs each with a 1.5V 
threshold for use on t.t.l., d.t.l. and 
c.m.o.s. devices operating at 5V. Power 
for the logic clip is derived automati- 
cally from the i.c. under test. The device 
costs £25 +v.a.t. and is available from 
Electroplan Ltd, P.O. Box 19, Orchard 
Rd, Royston, Herts. SG8 5HH. 

WW 310 for further details 

WW 308 for further details 

WW 307 for further details 

V<VV 306 tor further details 

WW 309 for further details 
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Solid State 
Devices 
Names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

Microcomputer kit 
A microcomputer kit called the SDK -80 
incorporates all of the 1.s.i. integrated 
circuits, crystal, sockets, printed circuit 
board and auxiliary components 
necessary to build an 8 -bit n.m.o.s., 
microcomputer system. The kit uses the 
8080A c.p.u., the 8228 system controller' 
and the 8224 clock generator with 256 
bytes of read /write memory, 2k bytes of 
programmable read only memory, a 
programmable serial communications 
input /output port and 24 other pro- 
grammable input /output lines. The kit 
is also supplied with a detailed set of 
instructions together with system and 
software manuals. Intel 
WW 311 for further details 

Microprocessor 
An eight -bit microprocessor set deve- 
loped by GIM of Glenrothes, the series 
8000 is available as a set of five 
integrated circuits, as a microcomputer 
or as a set of plug -in circuit boards. 
Software support is available. The cost 
(£17.50 for the c.p.u. - one -off) makes it 
practicable to use the set for relatively 
mundane work, as in weighing 
machines, typewriters and cash regis- 
tors. The use of the GIM p- channel 
nitride process used in equipment which 
is approved to Post Office D4000 means 
that it can be used in a telecommunica- 
tions role. GIM 
WW 312 for further details 

Divide -by -four 
A 1GHz divide -by -four circuit from 
Motorola, the MC1699 requires only 
160mV pk -pk input from 50MHz to 
1GHz. Below 50MHz, the device is best 
triggered by 1 or 2ns rise time pulses, 
such as those from emitter -coupled 
logic. Clock enable and reset inputs are 
provided and the circuit needs + 2V and 
-5V supplies. The package is currently 
a flat ceramic type, but the d.i.l. ceramic 
variety is soon to be used in addition. 

Motorola 
WW 313 for further details 

Watch calendar circuit 
A 12 -hour watch circuit in the c.m.o.s. 
family of devices is announced by RCA. 
The 32- terminal, leadless package is a 
watch /calendar unit, designed for use 
with external display drives and 
intended for a 32.768kHz drive. The 
TA6342 will display hours and minutes, 
with seconds or month, a.m. or p.m. or 
date. The date display is compensated 
for 30 and 31 day months, but not 28 -day 
Februaries so that annual re- setting is 

needed. By the provision of separate 
photocell, R and C the display can be 
made to vary in brightness to accom- 
modate ambient lighting changes. Sup- 
ply voltage is between 2.2V and 3.2V. 

RCA 
WW 314 for further details 

Microwave i.c. amplifiers 
The Avantek range of thin film 
microwave amplifiers is now available 
in the UK. The devices are designated 
the UTO -500 series and are housed in 
the TO -8 packages suitable for opera -. 
tion in microstrip circuits. There are ten 
devices ranging in gain from 6 to 27dB 
and output powers from -2 to + 17dBm. 
Maximum noise figures range from 2.5 
to 11dB. All of the amplifiers have a 
bandwidth of 5 to 500MHz flat within 
± 1dB. Inputs and outputs have a 5052 
impedance with a v.s.w.r. of less than 2. 

Walmore 
WW 315 for further details 

Precision voltage source 
The ZN423T provides a 1.26V source 
and is suitable for use in stabilised 
power supplies d -a -d converters and 
instruments. The device, which is 
encapsulated in a two -pin TO18 pack- 
age, offers a slope impedance of 5.552, a 
temperature coefficient of 100 p.p.m. 
per deg C, and an operating tempera- 
ture range from 0 to + 70°C. The 
100 +price is £0.70 each. Ferranti 
WW 316 for further details 

Precision op -amp 
The AD510 is a laser -trimmed op -amp 
offering a maximum offset voltage of 
25µV, a 10nA bias current, 1µV pk -pk 
input noise for a 0.01 to 10Hz band - 
tvidth and an open -loop gain of over 
1 x 10 '. The device is available for 
operation between 0 and + 70° C or in 
the military temperature range of -55 
to + 125° C. Both types are packaged in 
a TO -99 can. Analog Devices 
WW 317 for further details 

Transistor for s.m.p.s. 
Mullard have recently extended their 
range of high -voltage, high -speed 
switching transistors with the addition 
of the BUX86. The device is an n -p -n 
type with a power rating of 20W, a Vices 
of 800V and a V of 400V. Applications, 
include switched -mode power supplies, 
inverters and converters. Mullard 
WW 318 for further details 

Micro circuit oscillator 
The latest addition to the range of 
standard microcircuit products pro- 
duced by Redac Software Ltd is the 
TF105 audio oscillator, a hybrid thick - 
film oscillator which can be used for 
either analogue or digital clock appli- 
cation. The unit is a ±10 p.p.m. /deg C 
sine wave oscillator, the frequency of 
which can be set by the user in the range 
100Hz to 100kHz. It will operate 

between 5 and 30V with split or single 
supplies and over the temperature 
range -20 to +85°C with a high 
amplitude stability. The output is d.c. 
coupled with a low offset voltage. With 
the addition of a dual ganged potentio- 
meter a wide range RC oscillator can be 
constructed. Dimensions of the unit are 
2.5 x 3.5 x 0.8cm. 

Racal. 
WW 319 for further details 

Low -pass filters 
A range of low -pass filters in standard' 
16-pin d.i.l. packages is available. The' 
filters, manufactured by the American 
E.S.C. Electronics Corporation provide 
a cut -off frequency range from 200kHz 
to 1MHz and an impedance range from 
7552 to 1kS2. Insertion loss is less than 
0.5dB. The operating temperature range 
is -55 °C to + 125 °C and the device 
conforms to applicable portions of 
MIL- F- 18327C. 

G.E. Electronics 
WW 320 for further details 

Telephone relay drivers 
Two new i.cs from National Semicon- 
ductor, DS3686 and DS3687 will drive 
48V telephone relays without the need 
for external circuit protection. Both 
devices convert standard bipolar and 
c.m.o.s. logic signals to the high voltage, 
high current levels required by tele- 
phone relays. The DS3686 is a positive - 
voltage driver; DS3687 a negative -vol- 
tage driver. Outputs are rated at 65V 
and the devices will sink 300mA per 
channel. 

National 
WW 321 for further details 

Suppliers 
RCA Ltd, Sunbury-on- Thames, Middx. 
Mullard Ltd, Mullard House, Torrington 
Place, London, WC 1. 

Walmore Electronics Ltd, 11 Betterton 
Street, London WC2H 9BS. 
Ferranti Ltd, Gem Mill, Chadderton, 
Oldham, Lancashire. 
Analog Devices Ltd, Central Ave, East 
Molesey, Surrey. 
Intel Corporation (UK) Ltd, Broadfield 
House, 4 Between Towns Road, Cowley, 
Oxford OX4 3NB. 
National Semiconductor UK Ltd, 19 
Goldington Road, Bedford MK403LF. 
Motorola Ltd, Semiconductor Products 
Division, York House, Empire Way, 
Wembley, Middx HA9 OPR. 
General Instrument Microelectronics 
Ltd, 57 Mortimer Street, London WIN. 
G. E. Electronics (London) Ltd, Eardleÿ 
House, 182/4 Campden Hill Road, 
Kensington, London W8 7AS. 
Racal -Redac Ltd, Newtown, Tewkes- 
bury, Gloucestershire, GL20 8HE. 

Advanced Microdevices have informed 
us that they are now at Room 322, 
Ebury Gate, 23 Lower Belgrave St, 
London SWIW ONS. 
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Real and 
Imaginary 
by "Vector" 

FIFTY YEARS 
OF THE BEAM 

Holiday -makers in Cornwall may have 
discovered the charming little Poldhu 
Cove, a few miles west of Mullion. 
Relatively few visitors, however, make 
the short pilgrimage up a cliff path and 
round the headland to a spot which, if it 
had been in the United States, would 
surely have become a shrine long before 
this. For here was the cradle of long - 
distance radio communications. 

But this is England (if the Cornish 
Nationalists will pardon the expression) 
so, apart from the magnificent views, 
there isn't much else to see. Some traces 
of building foundations, a granite 
obelisk and that's all, except for a 
plaque recording the bridging of the 
Atlantic by wireless signals in 1901 and 
the evolution of the beam system half a 
century ago. Of the mighty Poldhu 
station itself, scarcely a vestige remains. 

Wireless telegraphy generated centi- 
metric waves which were directed - 
well, more or less - by forms of 
parabolic reflector; then Marconi disco- 
vered that an elevated antenna wire 
gave better ranges than the Hertzian 
dipole mounted on the transmitting or 
receiving instrument and this ushered 
in a phase of omnidirectional working 
in which the reflector sank into obli- 
vion. 

Gradually the operating ranges 
increased to line -of -sight and somewhat 
beyond and it was found that the longer 
the wavelength that was used, the 
further the signals reached, until at 
length ranges were being recorded that 
were utterly inconsistent with theory. 

Voltaire's comment that "If God did 
not exist it would be necessary to invent 
him" fitted the situation perfectly, 
except that in this case it was the 
ionosphere that had to be invented. It 
was a concept which was still being 
hotly debated twenty years later, until 
its existence was proved by the work of 
Appleton, Breit and Tuve, T. L. Eck - 
ersley et al in the 1920s. 

Ionosphere or no ionosphere, the 
practical workers in the field evolved 
the golden rule that long distances 
could be achieved only by using long 
wavelengths and high power. It worked. 
By the 1920s wavelengths of the order of 
thousands of metres were the norm for 
long -distance working and the use of 
reflectors was in any case physically 

impracticable because of the huge sizes 
which would be involved. But by this 
time the reflector approach had long 
since been forgotten and plans were 
under way for a chain of longwave 
high -power stations to link the Empire. 

In 1916, Marconi, who had largely 
been responsible for the trend toward 
long wavelengths, reverted to experi- 
ments on 2 metres but only for short 
range working. His personal assistant 
on this occasion, Charles Samuel 
Franklin, having an antenna of mana- 
geable size to work with, added a 
reflector and thereby concentrated the 
signal into a beam with consequent 
economies in power and an increase of 
privacy (the work was for the Italian 
Navy). Subsequently Franklin contin- 
ued his short-wave experiments and in 
the immediate post -war period built a 
15 -metre link between Birmingham and 
Hendon which also used reflectors. This 
was also highly successful. 

Every now and then reports would 
come in of the signals being received 
over long distances. There was also the 
matter of the amateurs who, confined to 
the then despised and "useless" bands 
below 200 metres, were occasionally 
reporting that their signals had been 
picked up in the USA and even further 
afield. Franklin pondered over these 
circumstances; true, reception was 
erratic in the extreme but that it 
occurred at all was remarkable. He 
persuaded Marconi to let him investi- 
gate and in due course installed himself 
at the existing long -wave station at 
Poldhu. Here, working at astonishing 
speed, he built an 8 -valve transmitter to 
operate at 97 metres, and a half -wave 
antenna with a reflector that could be 
switched in and out at will. 

Aboard Marconi's yacht Elettra spe- 
cial receiving gear had been fitted and 
on April 11, 1923, the ship set out from 
Falmouth heading for Madeira and, 
eventually, St. Vincent in the Cape 
Verde Islands, with Marconi aboard. At 
first, it seemed, the experiment was a 
failure, for the Poldhu signals attenuat- 
ed rapidly then disappeared altogether. 
This was the now familiar (but then 
unknown) "skip distance effect ". For- 
tunately the voyage continued and, 
after some hundreds of miles, Marconi 
was able to record good reception. 

The results were spectacular but left 
room for improvement. As it turned out 
later, 97 metres was a bad choice for 
daylight reception, while the reflector 
wasn't providing the anticipated 
increase in gain. But more than enough 
had been done to show the enormous 
potential in short-wave long -haul radio 
communication. 

With all speed Franklin redesigned 
the transmitter for 92 metres working at 
a power of 17kW and at the same time 
improved the reflector, although this 
wasn't ready in time for the next series 
of tests. Even so, on May 30, 1924, 
Marconi was able to telephone direct to 
Sydney from Poldhu. Subsequent tests 
on various wavelengths between 32 and 
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92 metres showed that the daylight 
range increased as the wavelength 
decreased; on 32 metres, reception at 
Sydney was possible for 23% out of the 
24 hours. All the data from these tests 
were rigorously examined and formed 
the foundation of our present know- 
ledge of the ionosphere. 

The story of how the long -projected 
plan for a long -wave, high power chain 
of stations throughout the British 
Empire was abandoned in favour of the 
beam system is well- known. Perhaps 
less well -known is the magnitude of the 
gamble which Marconi took in offering 
the stations to the British Post Office 
and the Empire Governments. At the 
time of the contract, no fully engineered 
version of the beam transmitter existed; 
serious teething troubles were being 
experienced with the transmitting 
valves; neither the antennas nor the 
reflectors were fully engineered, while 
the problem of how to transfer the 
energy from the transmitter to the 
antenna without undue losses had still 
to be solved. To.cap it all, Marconi had 
no means of knowing whether the long 
ranges obtained in the tests would 
continue or not. For all he knew, 
transient freak conditions might have 
been responsible - circumstances 
which might never be repeated. Alth- 
ough the contract was wholly condi- 
tional upon successful performance, he 
took the risk. 

His decision was a measure of his 
faith in Franklin. And Franklin 
performed wonders. To overcome the 
valve problem he personally designed 
the first "CAT" (Cooled Anode Trans- 
mitter) valves in which the copper 
anode was also the envelope. Next, he 
re- engineered the transmitters, anten- 
nas and reflectors (and, with no prece- 
dents to guide him, the antennas 
themselves were no mean problem, 
consisting as they did of a large number 
of elements, all of which had to be fed in 
a common phase relationship). 

Then came the matter of an efficient 
power transfer. Franklin solved this by 
the invention of the concentric feeder, 
or coaxial cable. And he did the whole 
lot in a matter of months - he had to, 
because construction of some of the 
stations had already begun! Let's be 
honest with ourselves for a moment. 
How many electronics engineers of, 

today have the capability of tackling an 
entirely new system and designing and 
engineering its transmitters, valves and 
antennas from scratch? And Franklin's 
end -products were no lashups, either. 
Forty years later one or two of his 
original transmitters were still in regu- 
lar traffic service and in some part of the 
world may still be so - and that's 
engineering by any standards. 

On October 18, 1926 the first beam 
circuit came officially into service, 
linking Britain and Canada. 

Fifty years ago. Poldhu station has 
since disappeared almost without trace 
and I suspect that C. S. Franklin is all 
but forgotten. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

More than 

89 

PROJECTS FOR YOU TO BUILD 
4 -digit clock, 6 -digit clock, 10W high quality power 
amp., High quality stereo pre -amp., Stereo Tuner, 
F.M. Stereo decoder, etc., etc. 

CIRCUITS ... Frequency Doublers, Oscillators, Timers, 
Voltmeters, Power Supplies, Amplifiers, Capacitance 
Multiplier, etc., etc... . 

Full details and pictures of our wide range of components, 
e.g. capacitors, cases, knobs, eroboards, edge connectors, 
plugs and sockets, lamps and lampholders, audio leads, 
,i(laptor plugs, rotary and slide potentiometers, presets, 
elays, resistors (even 1% types! ), switches, interlocking 
pushbutton switches, pot cores, transformers, cable and 
wire, panel meters, nuts and bolts, tools, organ components, 
keyboards, L.E.D.'s, 7- segment displays, heatsinks, 
transistors, diodes, integrated circuits, etc., etc., etc... . 

Really good value for money at just 40p. 

The 3600 SYNTHESI ER 

132 pages f 

The 3600 synthesiser includes the most popular features of the 
4600 model, but is sirripler. Faster to operate, it has a switch 
patching system rather than the matrix patchboard of the larger 
unit and is 

particularly 
suitable for live 
performance 
and portable ` .r 

W W 1/ " " 
use 

S.A.E. please 
for price list 

The 4600 
SYNTHESISER 
We stock all the parts for this 
brilliantly designed synthesiser, 
including all the PCBs, 
,metalwork and a drilled and 
printed_front panel, giving a 

superb profiassional finish.. 
Opinions of 'authority agree the ETI International Synthesiser isr 
technically superior to most of today's models. Complete 
construction details 'available now in our booklet price £1.50, 
or S.A.E. please for spectfcatIon 

GRAPHIC 
EQUALIZER 

A really superior high 
quality stereo graphic 

equaliser as described in 
Jan. 1975 issue of ETI. 

We stock all parts (except 
woodwork) including all 

the metal work drilled and ' 

printed as required to suit our 
components and PCBs. 

Complete reprint of article - price 15p. 

NO MORE DOUBTS ABOUT PRICES 
Now our prices are GUARANTEED (changes in VAT excluded) for two month periods. We'll tell you about price changes in advance for 
just 30p a year (refunded on purchases). If you already have our catalogue send us an s.a.e. and we'll send you our latest list of 
GUARANTEED prices. Send us 30p and we'll put you on our mailing list you'll receive immediately our latest price list then every 
two months from the starting date shown on that list you'll receive details of our prices for the next GUARANTEED period before trie 
prices are implemented! plus details of any new lines, special offers, interesting projects and coupons to spend on components to 
repay your 30p 
NOTE: The price list is based on the Order Codes shown in our 
catalogue so an investment in our super catalogue is an essential '. I enclose Cheque /P.O. value 

wW 

first step. For copy /copies of your Catalogue 
Call in at our shop, 284 London Road, Westchff on Sea, Essex. . 
Please address all mail to Name 

111 Address 

ELECTRONIC ORGAN 
Build yourself an exciting Electronic 
Organ. Our leaflet MES51, price 15p, 
deals with the baslç theory of electronic 
organs and describes the construction of 
a simple 

limited 
instrument 

number 
with a single 

keyboard and a limited number of stops. 
Leaflet MES52, price 15p, describes the 
extension of the organ to two keyboards 
each with five voices and the extension . 

by an octave of the organ's range. 
Solid -state switching and new footages along with a pedal board 
and a further extension of the organ's rangy are shown in 
leaflet MES53, price 35p. (Pre- publication price 15p). 

MAPLIN ELECTRONIC 
SUPPLIES 
P 0 Box 3 R,ryle gh Essex SS6 8LR MMAPLIN ELECTRONIC SUPPLIESPssuRs'''' 
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ALSO AVAILABLE AT 
LEADING BOOKSTALLS 

the big four from 
Wireless World 

Wireless World High Fidelity Circuit 
Annual 1976 Designs Designs (I) 
I The world of electronics, 

television, radio /audio is on 
parade in the second great 
Wireless World annual. Con- 
structional articles include mak- 
ing a photographic timer. Surveys 
cover video, magnetic tape com- 
patability, electronic ignition and 
radio astronomy in schools. 

Hi -Fi Year 
Book 1976 
2 This is the book that tells 

you everything you need to 
know about the hi -fi equipment 
on the market. Separate illus- 
trated sections cover every major 
category, together giving prices 
and specifications of over 2,000 
products. 

3 In response to demand for 
reprints of Wireless World 

constructional projects, we have 
collected fifteen of the most 
popular designs in one book. 

Order coupon 

To General Sales Dept. Room 11, 

Dorset House, Stamford St., SE1 9LU 

4 A compilation of the first 
ten sets of Wireless World 

Circards and including addi- 
tional circuits. Each set in this 
hard back book is preceded by an 
explanatory introduction. 

Please send me books as indicated below (state number of copies of each) 

Hi -Fi Yearbook 1976 £2135 incl 

High Fidelity Designs £1.35 incl 

Circuit Designs (1) o £10.40 incl 

I enclose remittance value E 

(cheques payable to IPC Business Press Ltd) 

Name 

Address 

Regd. in England No. 677128 Regd. Office : Dorset House, Stamford St. 

SE1 9LU 
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HART ELECTRONICS 
Audio Kit Specialists since 1961 

STEREO BAILEY 30 WATT TUNER AMP. 
This complete tuner /amp unit Is of the very hlgrest quality and is the amalgam of our 
Compact FM Tuner. Bailey 30watt power amps and the Bailey /Burrows /Quilter pre 
amp. The wooden sleeve is available in either teak or sapele finish to blend with existing 
equipment or furnishings. 

The combination of our excellently designed printed circuits and the high quality 
components used makes this unit unequalled on the kit market and approached in 
quality of performance and durability by few made up tuner amps. 
Full details are in our free lists. 

STUART TAPE CIRCUITS. Our printed circuits and components offer the easy hay to 
convert any suitable quality deck into a very high quality Stereo Tape unit. Inpút and 
output levels suit Bailey pre amp. Total cost varies but around E35 is all you need. We 
can offer tape heads as well if you want new ones. 
All above kits have fibreglass PCB's. Prices exclude VAT but P &P is included. 

FURTHER INFORMATION ON ALL KITS FREE if you send us a 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 /QUILTER Preamp circuits, layouts and assembly notes 15p. 

All paces exclude VAI 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome but please note we are closed all day Ss lun lay 

SINCLAIR CALCULATORS* 
Cambridge £7.95. Cam. Mem. E11.20. 
Scientific £8.95. Oxford 100 E6.95- 
Oxford 200 E13 -45. Oxford 300 £16.95" 
Programmable Scientific E25.95. Mains 

SINCLAIR BLACK 
WATCH* 
Fully assembled 
with black 
strap £20.95. -' adaptor for Programmable and Oxford Bracelet E2. £3.19. Mains adaptor for Cambridge and 

Scientific £3.15- DIGITAL CLOCK KIT* 
S -DECS AND T -DECS* 

24 Hr. display Includes pcb. mains power 
supply. attractive case. 0.5in. jumbo green 

Special Offer 25p or 50p off orders display, clock chip and all other parts. 
accompanied by 25p or 50p PB Electronics Displays hours and minutes separated by 
adverts. -__ï pulsating colon. Kit £12.50. Built £13.50. 
S -DeC E2.24 
T -DeC £4.05 "' _ '-',( ` SINCLAIR IC20 
u -DeC A £4.45 - , 

- - yr/ 
_ T 

IC20 10W +10W stereo amp kit with 
u -DeC B E7.85 / printed circuit £6.95. 
IC carriers. ` PS20 Power supply for above E4.95. 
16 dil: plain £1.07 -- VP20 Volume, tone control and preamp kn 
With socket E2.21 £7.95. 
10- TO5 plain 99p. With socket £1.95. SP20 IOW 4 Ohm speaker £2.95. 
SSTI 60p. SSUI 60p. SSNI 80p. Send sae for free leaflet. 

BATTERY ELIMINATORS SINCLAIR PROJECT 80 6 -WAY SPECIAL 416 £10.15. FM tuner £13.25. PZ5 3.4%.6. 71/2. 9, 12V £3.95. PZ6 £8.70. PZ8 £8.20. Trans for at 500mÁ with 
PZ8 £5.40. Z40 £5.75. Stereo 80 £10.95. unique 4 -way 

multi -jack 
connector and 
free matching 
socket 80. 

Project 805 £20.95. Project 805Q 
£18.95. 

JC12 AMPLIFIER 6 -WAY DOUBLE RADIO MODEL 
6W IC audio amp - Similar to above. but with press stud battery with free data connectors. 3 +3. 4' /a +4'/a, 6 +6, 
and printed 71/2+71/2z 9 +9, 12 +12V at 250mA. Can 

also be used to give 15. 18 and 24V single. circuit £1.95* 
£6.80. `^ m 

3 -WAY MODEL* DELUXE KIT FOR JC12 
Switched output of 6, 71/2 and 9V at Includes extra parts for the prl, iii , ,... 
250mA with 4 -way multi -jack connector and tone controls. Mono £2.29. -i 

and free matching socket E2.95. £4.95. 
RADIO MODELS 
50mA with press -stud battery connectors JC12 POWER KIT 
for radios, eta 6V £2.95. 9V E2.95. Supplies 75V 1 Amp £2.95 
41/2 +4 %V £4.45. 6 +6 V E4.45. 9 +9V 
£4.45. JC12 PREAMP KITS 
CASSETTE MAINS UNITS Type 1 for magnetic pickups, mics and 
71/2V output to run cassette tape recorders tuners. Mono E1.55. Stereo £3.0. Type 2 
from the mains. Complete with 5 pin DIN for ceramic or crystal pickups. Mono 85p. 
plug £3.45. Stereo £1.70. 
CAR CONVERTORS 
Input 12V DC Output 6/7'/a/9V DC 1A LOUDSPEAKERS 
regulated. £3.95 *. FOR JC12 bin x Sin 8 Ohms. 5W £2.50. 
Post 20p on orders under £2, otherwise free Prices include VAT. (Overseas customers 
deduct 7% on items marked *, otherwise 20 %). Official orders from schools, etc 
welcome 

SWANLEY ELECTRONICS 
DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8TQ 

VALVES 
Type Price (p) 
DY87 30.0 
DY802 30.0 
ECC82 28.0 
EF80 29.5 
EF183 34.5 
EF184 34.5 
EH90 35.5 
PC900 24.5 
PCC89 40.0 
PCC189 41.0 
PCF80 31.5 
PCF86 39.0 
PCF801 42.0 
PCF802 40 0 
PCL82 39 0 
PCL84 39 0 
PCL85 44.5 
PCL86 41 0 
PFL200 59.5 
PL36 55.5 
PL84 25.0 
PL504 64.5 
PL508 67.0 
PL519 E1.20, 
PY88 35 5 
PY800 33.0 
PY500A 85.0 
SEMI 
CONDUCTORS 

Price 
Type Each (p) 
AC127 17 
AC128 13 
AC141K 25 
AC142K 25 
AC151 20 
AC154 18 
AC155 18 
AC156 20 
AC176 22 
AC187 19 
AC187K 24 
AC188 17 
AC188K 26 
AD142 45 
AD149 40 
AD161 38 
AD16z 38 
AF114 24 
AF115 21 
AF116 22 
AF117 19 
AF118 50 
AF139 35 
AF178 45 
AF180 45 
AF181 45 
AF239 40 
AF240 60 
BC107 11 
BC108 10 
BC109 14 
BC109C 14 
8C113 13 
BC116A 19 
6C117 14 

1:11: 

AT THESE PRICES 

AND BUY QUALITY 

Price 
Type Each (p) 
BC125B 1 

B C132 25 
BC135 15 
BC137 19 
BC138 26 
BC142 23 
BC143 25 
BC147 11 
BC147A 11 
BC148 10 
B C149 10 
BC153 15 
BC154 15 
BC157 14 
BC158 10 
BC159 11 
BC173 18 
BC178B 20 
BC182L 12 
BC183L 12 
BC187 25 
8C214L 15 
BC328 28 
BC337 19 
8D124 75 
8D131 45 
BD132 39 
BD160 (1 39 
80235 49 
BD237 52 
BDX32 £2 40 
BF115 20 
BF160 15 
BF167 20 
BF173 20 
13E178 35 
BF179 40 
BF180 31 
BF181 32 
BF184 25 
BF185 25 
8F194 9 
BF195 8 
BF196 10 
8E197 12 
BF198 23 
BF200 25 
BF218 30 
BF224 23 
8E258 34 
B F336 28 
8E337 35 
8E355 54 
BFX86 28 
BFY50 19 
BFY52 20 
BSY52 35 
BT106 E1 20 
BU105/02 £1 95 
BU108 E2 10 
BU208 £2 95 
E1222 30 
MJE340 45 
0071 15 
0072 16 

Price 
Type Each (p) 
R2008B £2 00 
R2010B ' £2 00 
RCA16334 80 
RCA16335 80 
TIP31A 57 
TIP32A 67 
TIP41A 67 
TIP42A 80 
2N3055 55 
DIODES 
8A115 7 

BA145 14 
BA148 19 
BA154/201 11 
8Y126 11 
BY127 12 

BY199 27 
BY206 21 
8Y238 25 
0A90 6 
0A202 7 5 
IN60/0A91 5 
1N914 6 
IN4002 5 
INTEGRATED 
CIRCUITS 

Price 
Type Each (p) 
ETTR6016 E2 00 
MC1351P 70 
SN76003N E2 35 
SN76013N E1 50 
SN76013ND E1 50 
SN76023N £1.50 
SN76023ND £1.45 
SN76033N E2 35 
SN76227N E1 45 
SN76532N E1 45 
SN76660N 58 
SN76666N 87 
TAA550 49 
TAA700 £2.95 
TBA120AS £1 00 
TBA120SQ £1 CO 
TBA480Q E1 40 
TBA520Q EZ 35 
TBA530Q f1 75 
TBA540Q E1 75 
TBA550Q £2.90 
TBA560CQ f2.40 
TBA800 £1.50 
TBA920Q £2 90 
TBA99CQ £2.90 
TCA2700 E2.93 
EHT MULTIPLIERS 
MONOCHROME 
(BRC) Price Each 
2HD 950MK1 960 

£1 70 
2TQ 950MK2 1400 

£1 85 
2DAK 1500 

17" & 19") £1.85 
2I-AK 1500 
(23' & 24") £2.00 

PRICE 
QUALITY 
SERVICE 

COMBINED 
PRECISION 

COMPONENTS 
(PRESTON)LTD 

Department W. 
194- 200North Rd, 

Preston PR 1 1 Y P 
Tel: 55034 

Telex 677122. 

EHT MULTIPLIERS COLOUR Price 
Type Each 
11TAQ ITT CVC 1, 2 & 3 £4.50 
ITN GEC Schell £4 50 
11TAZ GEC 2110 £4.85 
11TAM Phil .las G8 E4 50 
11TBD Philips 550 £4 50 
3TCW Pye 691/693 E3.50 
1TH Decca 30 Series £4.50 
11TAQ Decca Bradford £4 50 
3TCU Thorn 3000/3500 £5.00 
11HAA Thorn 8000 £1 90 
11HAB Thorn 8500 £4 25 

NeWTOSHIBA TUBES 
with 12 months in service guarantee 

19 " A49 -191X equivalents 
A49 -192 and A49 -120X £48.95 

20" 510DJB22 equivalent 
A51 -110X £50.75 

22" A56/120X £54.25 

PRICES SUBJECT TO 25% V.A.T. 
All goods subject to settlement 
discount of 5% 7 days and 2% 
monthly 
No postage charges or minlmum 
order values 
Write or phone for fuill details now. 
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For the musician 
who wants the best in 

recording. 
10XD - Our Studio Class, 15 IPS, Cross Field, Dolby B 

Recorder. At 15 IPS, the advantage of Tandberg Cross 
Field recording and the Dolby B Noise Reduction System 

must be heard to be believed. You don't have to be a 
perfectionist to appreciate this quality, but it may make 

you into one. 

1. 101/2" spool capacity, 3 speeds and remote control. 
2. A, B Monitoring with easy editing facility. 
3. Sound on Sound, add -a- track, echo, mixing, etc. 
4. Peak level record /playback meters 
5. Balanced microphone inputs. 
6. Superb logic control circuits. 
7. Electronic servo controlled speed regulation. 

See the 10XD and other Tandberg recording equipment 
at REW's new professional department. 

Wireless World, April 1976 

RE is 
Audio Visual Co., 146 Charing Cross Road, London WC2.TeI. 01 240 3064/5 

WW - 098 FOR FURTHER DETAILS 

co WEST HYDE 

Above: Red LED. R Threaded chrome LED, O. S, PCG, PCE, PCH, PCI, 

PCF, PCC, PCB, PCA, PPA, PP B. LEDs in red, green on own or in 

threaded chromium housing, 5.5mm d. hole. S neon 5.5mm I. Q neon 

7mm d. Neons in PC housings 9.5mm d., 3 cap colours, dome, top -hat, 

square. PP 12.5mm d. 6" leads std., 30" extra cost; neon only, 110, 220 or 

500 volts. 

HANDLES 

On L., extruded PVC and anod. ah. Centre: heavy duty carrying handles. 

On R. anod. & 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. 

1 15mm scale, 5 amps AC & DC, 2,500 v. AC, well damped, many accessories. 

L. to R. 2'/," Bradrad, drills and deburrs. '' /. "/1 K" 11 diameters Bradrad. 
4 Conecuts, '4"/2". Adel nibbling tool, square or round holes. 1tmm d. 

entry. Underneath: 2 reamers, 'M " /1 ". To make round holes with no 

vibration. 

COMPONENTS 
Neon onces include P. & P. 

LEDs 1 10 50 100 
Red ILED 321 '21p 19p 17p lep 
Green (LED 351 33p 30p 26e 25p 
RodlThreed)ILED121 50p 50p 44p 4Ip 
Green ILED 151 ergs 599 62P 49e 

500 
159 
23p 
3ap 
46p 

1000 
14p 
21p 
36e 
42e 

NEONS, 110 or 230V t 10 100 500 1000 10000 
PCA /I & PP. 6" 27.6e 19.3p 18.2p 17.1p 16p 14.9p 
PCA /I & PP. 30" 27.5p 21.5p 20.4p 19.3p 18.2p 17.1p 
D 38.5p 31.99 29.7p 28.6p 27.5p 25.3p 
S 33p 25.3p 23.1P 22p 20.9p 19.8p 
N per 10 (neon only) 75p 84p 56p 48.4p 45.1p 41.8p 

PRICES - 1 off inc. P & P but not VAT_ 
Discounts for quantities 
Minimum order E2.00. 

THE INSTRUMENT 

HANDLES KNOBS 
Chromium from 54p See Catalogue for Prices 
Extruded from 107p 
Nylon from 55e 
PVC from 41p 
Pivoting 132p 
Flush preosion E3.34 
Very Heavy duty 

150 Kg E4.47 

TEST METERS 
LT101 
LT801 
TS141 
141/30A Shunt 
141 /Lux 
'141 /Thermometer 
141/25K V 

E4.25 
£9.10 

E21.00 
E4.00 

E18.00 
E16.00 
E7.50 

G RADRAD, CONECUT, ADEL 
Bradrad 16" or 36mm 613.00 
Bradrad 25" or 60min 633.00 

64.25 
E6.90 

610.30 
612.60 
£19.40 

66.88 
65.90 
£690 

611.500 

Conecut No.1 
Conecut No. 2 

Conecut No. 3 
Conecut No. 4 

Sel 1, 2. 3 
Adel 
Reamer. small 
Reamer, large 
Reamer. pair 

PANAVICE 
;Photo: L ro R1 
301. base dus vice 613.00 
366. 165mm opening E6.50 
300, Screw base E7.80 
380. Vacuum base 611.50 
315. PC holder £11.25 
311 Bench clamp E6.50 
303,Verucal vice E5.50 

ORYX SOLDERING 
Solder pot 610.50 
Oryx 75 613.50 
Oryx 50 E7.25 
SR2 desolder E6.95 
SR3A desolder E5.35 
SR3S desoider E4.95 
Soldersuck - E1.50 

PROFESSIONAL SWITCHES 
197.111 E1.99 
199.112 E1.76 
196.2 £1.97 
198.1 E3.51 
197.212 E1.99 
224.6 E2.24 
212.13 E2.84 
195.22 E2.03 
195.2 E1.28 
195.14 E2.54 
189.2 E1.54 

OVER 250 DIFFERENT 
CASES IN STOCK -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Send for catalo ue 

WEST HYDE 

WEST HYDE 
DEVELOPMENTS LIMITED 

Ryefield Eras., Northwood Hills. Northwood, Middx., HAS INN 
Telephone Northwood 24941/26732/27051 

Telex: 923231 West Hyde Nthwd. 

WW - 081 FOR FURTHER DETAILS 

CO 

Hundreds of knobs, collet or screw fixing, plastic or aluminium, fluted, 
textured. smooth, using, pointer, insulated, slow- motion, digital, crank - 
handle, heavy-duty, wing. contemporary, dual, & diamond turned. Shafts 
from 3mm to 10mm. Dia. from 8mm to 58mm. 

A very good holding system. Four vices. 3 different bases, all interchange- 
able. Many vice jaws to ht.ld PCs or available in steel, neoprene, nylon etc. 
Max. opening 6 ". Table mounting, Screw mount or Vacuum base. 

Solder pots incl. neons, temp. controlled irons, Oryx 75 silicone leads, solid 
state control with dial in handle. Oryx 50 thermostat in handle. Desoldering 
tools, all with PTFE nozzle.. On right, solder suck at minimum cost. 

L to R 

197.111, CO x 2, 220v 1 A 
199.112, CO, 220v 1 A 
196.2, CO x 2, 220v. 2A 
198.1, 5- position toggle 
197.212, spring return 1197.111) 

224.6, rotary, 6- position 
212.13, illuminated push CO 
195.22, push snap CO, 220v. 2A 
195.2, CO, 220v. 2A 
195.14, watertight, 195.2 
189.2, 6.5mm d. CO toggle 

CASE SPECIALISTS 
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CATRONICS X,T 
Ww TELETEXT 

DECODER 
T n of this decoder design 

being described in a 
series of articles being published by 'Wireless World' (from 
last November). All the components are available from 

Catronics Ltd. 

The approved Catronics kit contains all the printed circuit boards and components 
necessary to build the complete decoder. Signal input required is a minimum of 0.5V 
detected video. The output is approximately 4V of R. G and B drive suitable for driving 

most types of colour Television sets, PLUS a luminance output for black and white 
sets. 

The power supply and video switching circuitry 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 3 main PCBs only E12.00 +VAT (£3.00) 
Component Kit (inc. PCBs) - for upper case only E91.45 + VAT (E9.70) 
Add-on Kit for Mower Caw characters E12.95+ VAT (E1.35) 
Cabinet and Front Panel /styling may vary) E11.60 +VAT (£2.95) 

Ready -built and Tested Decoders add £32.00 + V.A.T. (£8.00) 
Post & Packing. PCBs are post free - but add 

Et for component kit and /or cabinet 
A wide range of other components are also available, including SL800 series i.c.s, KVG 
and MURATA filters, AERIALS for Commercial Mobile and Radio Amateur bands. 
IGNITION Interference Suppression Components plus, of course, the famous 
Canonical Frequency Counters and Prescalers - including an exclusive new 

500MHz version. 
Sand S.A.E. for current price lists (stating requirements) 

CATRONICS LTD. (Dept. 624) 

atronics 39 Pound Street 
Carshalton. Surrey 
Tel: 01 -669 6700 

WW 622 - FOR FURTHER DETAILS 

ADVANCED CLOCK KIT 
Complete kit including attractive shm 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 MK50253 and LED displays. Kit also includes PCBs. active 
and passive components. IC socket, miniature cool transformer. switches. flat cable. loudspeaker, mains 
plug and lead perspex panel and full instructions With 0 5" JUMBO FND500 Displays E27.31 

P.E. CAR CLOCK with Journey Timer 
ir rri irrh hirir I Tort, incorporated Bright 

Jumbo LED display conics on with ign non - automat c intensity control Complete kit of all parts needed 
including case. PCBs and all components Full instructions E39.50 
Easy to build E.E. DIGITAL CLOCK (Jan issue) Kit of all components innludmg case etc for this 
attractive clock with t 2mm green display Full instructions El 5.70 
50 Ha Sial Timebase Kir for clocks Irncl advanced kit above) £6.28 

CMOS ICS 
RCA MOT. ONLY 
CD4000 0.17 
CD4001 0.17 
CD4002 0.17 
CD4006 0.97 
CD4007 0.17 
CD4008 0.79 
C04009 0.46 
CD4010 0.46 
CD4011 0.17 
C04012 0.17 
C04013 0.46 
C04014 0.83 
C04015 0.83 
C04016 0.46 
C04017 0.83 
CD4018 0.83 
C04019 0.46 
CD4020 0.92 
CD4021 0.83 
CD4022 0.79 
C04023 0.17 
CD4024 0.64 
CD4025 0.17 
CD4026 1.42 
CD4027 0.46 
CD4028 0.74 
C04029 0.94 
C04030 0.48 

CD4031 1.82 CD4062 7.33 CD4518 1.03 
CD4032 0.88 C04063 0.90 C134520 1.03 
CD4033 1.14 C04066 0.58 CD4527 1.30 
CD4034 1.56 C04067 2.95 CD4532 1.18 
CD4035 0.97 CD4068 0.18 CD4555 0.74 
CD4036 1.82 CD4069 0.18 CD4556 0.74 
CD4037 0.78 CD4070 0.18 MC14528 0.86 
C04038 0.88 CD4071 0.18 MC14534 6.04 
CD4039 2.86 CD4072 0.18 MC14553 4.07 
CD4040 0.88 CD4073 0.18 MC14566 1.21 
C04041 0.69 CD4075 0.18 MCM14552 8.05 
C04042 0.69 CD4076 1.27 
CD4043 
C134044 

0.83 
0.77 

C04pp77 0.18 
CLOCK CHIPS 

C04045 
C04046 

1.15 
1.10 

CD4t178 
C04081 
CD4082 

0.18 
0.18 
0.18 

MK50253 5.60 
MM5314 4.44 

C04047 0.74 CD4085 0.59 AY51224 3.66 
CD4048 0.46 CD4086 0.59 AY51202 4.76 
CD4049 0.46 C04089 1.27 
CD4050 0.46 CD4093 0.66 
CD4051 0.77 CD4094 1.53 CMOS ROOKS 
CD4052 0.77 CD4095 0.86 No VAT or PAP 
CD4053 0.77 CD4096 0.86 RCA1975 2.87 
CD4054 0.95 C04099 1.50 MCMOS 2.77 
C04055 1.08 C04502 0.98 
CD4056 1.08 CD4510 1.12 
CD4057 20.35 CD4511 1.28 DISPLAYS 
CD4059 3.64 C134514 2.56 51T.01 5.80 
CD4060 0.92 CD4515 2.56 DL704E 0.75 
CD4061 16.43 C04516 1.12 E50500 1.02 

DISPLAY INT. 
SN75491 0.81 
SN75492 1.02 
7447 1.05 
7448 0.85 

FLAT CABLE 
20WAY1M 1.00 
1CM for - 8.50 
10WAy1M 0.60 
10M FOR 4.80 

IC SOCKET PINS 
100 0.50 
1000 4.00 
3000 10.50 

LSI SOCKETS 
PINS +SUP- 
PORTS 
24 PIN 
28 PIN 
40 PIN 

0.30 
0.30 
0.30 

VEROCASES 
751410J 2.84 
751411D 3.04 
751412K 4.00 
CA3130 0.88 

FND500 Jumbo 0.5in. CC Red LED now only E1.02. 
This lull spcc,l,c,m on prim, iinii fron it o nstanding value - compare its price with other 
digits ul cmri parable sire and high ,in ,iu1, L704E D J" CC Red LED now only 75p. 

ADD VAT at 8 "n (Higher rate does not apply to any of above) 15p P &P on orders under r 3 - Despatch 
is by 1st Class post Price list and data sent FREE with an order or 

on 
rogues? lair SAE helps) Official 

riders welcomed (written ur phoned) - Um vs Polys Gont Cos etc Export orders No VAT Add 35p 
irnp, Irl., n rs.',isi Inn Airmen P &P INn ,poor rurs,a,. yu'oo II,r databanks and tr,insformers 

1 

SINTEL 53C ASTON STREET, OXFORD 
TEL. 0865 49791 

WW -048 FOR FURTHER DETAILS 

9.1 

ßti&( if-yourself! 

H 

Designed by 

TEXAS 
Featured by PRACTICAL WIRELESS 

SOLE U.K. DISTRIBUTORS - HENRY'S 

Build the Texan stereo amplifier, then you can be doubly proud ! For a 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 intrgraled stereo preamp 
and power amp, with 6 IC's, 10 transistors, 
6 rectifiers and zener diodes. Plus stabilised, 
protected circuitry, glass fib pcb: Gardeners 
low -field low -line mains transformer; all 
facilities and controls. Slim design, chassis 
141" x 5" 5 2" overall. 20 watts per channel 
RMS, less than 0.1% d stortien at 1 kHz. 

* Can be built Stage by stage 
Ask for leaflet 20. * Everything necessary 
supplied. Full after sales service 
and guarantees. 

KIT PRICE 

£35.00 
Inc. VAT +£1 pbp 

Built and tested 
(45.00 inc. VAT 

+0.00 P&P. 

THE NATURAL FOLLOW -ON - THE TEXAN FM TUNER KIT! 

KIT PRICE 

£25.95 
Inc. VAT+ 
60p pbp. 

Build the matching Texan stereo tuner !Features 
advanced valicap tuning. Phase lack 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 uy aerial sensitivity. 500 mV output 
(adjustable). Tuning range 87 -102 MHz. Mains 
powered. 

Built and tested (30.95 inc. VAT +50p p&p 

VIDEO SPORT SPORT 
all the electronic excitement 

you could wish for! 
*ViEa 

An up -to- the -minute game. Plugs 
into your own TV aerial socket 

!r0 S<0 Switch on. And you're away ! 

®V Chaoseyourgame -football,tennis 
p *10EÁ or hole -in -the -wall Absolutely 

safe. For you. Youl children. And 
your TV. Mains powered. 
List Price E42.50 

ENRY'S PRICE -ONLY £29.50 in, pbp 
WHATEVER YOU DO, DON'T FORGET 
YOUR LATEST 

HENRY'S CATALOGUE! 

ti 

ON 

50p 

Foi Ihr; nev/ edlnon, w =:lave mode 
hundreds of changes and additions. 
It has over 200 pages. containing 
virtually everythirg for amateurs and 
professionals. And you'll have no 
bother at all finding everything you 
want, because there's a complete 
,alphabetical index as well as a section 
index. Together, they put you right on 
course lot the items you need. From 
Sinclair protects to educational kits. 
Oscilloscopes to panel meters. Coils to 
capacitors. Transistors to valves. 
Loudspeakers to microphones - all at 

competitive prices. Over 200 
ONLY pages of vital statistics - just for 

you So send now for your copy. 

Over 
J000 Items inside! 

Every 
contains 

a tree 
50p voucher.' 
eosoynew 

Over 
200 

i 

Pages. 

+ 20p corr./pack 

FREE to Educational Establishments when 
ordered on off cial headed notepaper. 

NeN%5 SELF-SERVICE 
CENTRES 

404 and Bargains 
309 ED0YVgRE 

ROAD, LONDON 
W2 

galore 
Call on and see for voursertl 

404/6 EDGWARE ROAD, LONDON W2 01 -402 8381 

LOWER SALES FLOOR, 231.TOTTENHAM CT. RD., LONDON W1 01 -636 6681 

94/96 UPPER PARLIAMENT STREET, NOTTINGHAM. 0602 -40403 
All mail to Henry's Radio. 303 Edgware Road. London W2. 

NEW 

MIDLAND', 
stoRE 
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ADtMEC FREQUENCY METER TYPE 265: 0 -6000 rpm and 0- 100Kc /s £35. Carr. 
fl. 

RACAL I_F. CONVERTER UNIT RA-37B: £35. Carr. £1. 

RACAL I.S.B. ADAPTOR RA -95A: £65. Carr. £2. 

MUIRHEAD ATTENUATORS: 75 ohms 0 -8 Mc /s 3V MAK 3 ranges 0 -5, 0 -25, 
0 -50 DB Ea.N + 75p post. 
CREED MODEL 54 TELEPRINTER: E37.50 each. Carr. E4. 

CREED MODEL 75 TELEPRINTER: Receiver only £30.00. Carr. £3. 
MULLARD VALVE VOLTMETER: E/7555/3 A.C. /D.C. 2 ranges 0 -5 and 0-500v. 
£35. Carr. £2. 
MDI STONE TELEPRINTER ADAPTOR TYPE 937: E45. Carr £1. 

WAVEMETER CLASS D NO. 2: 1.2 to 20Mc /s 12 volts d.c. input or 24Úv a.c. 
E12.5& Carr. E3 
WILD BARFIELD ELECTRIC FURNACE MODEL CCL22X: With ether 
-indicating temperature controllers Model 990. 0 -1400° C. E250. Carr. £5. 
METROVAC IONIZATION GAUGE MODEL V.C.3: E55. Carr. E3. 
AVO VALVE TESTER CT.I111160: (Portable) similar to Avo Mk. 3 Characteristic 
meter. Good condition, £45.00. Carr. £2.00. 
ANTENNA MAST: 30ft. consisting of 10 x 3ft tubular screw sections eh" dia.) 
with base, guyropes and stays, etc. £7.50 each. Can. £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. Size 8in. x 8in. x 8in. New condition. £107 
Carr. 75p. 

SOLARTRON PULSE GENERATOR TYPE G1101-2: £75.00 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 TRAM ORMER: 230v 50c /s, 1000 watts. strong steel case 
5" x 6SY' x 7 ". Bitumen impregnated. £12.00. Carr. £1.50. 
BRIDGE MEGGER: 250V. (Evershed Vignoles) series 2. E30 each. Carr. E1. 
BRIDGE MEGGER: 2,500V., series 1 á-ea i-r f r. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
3000- 10,000KHz. Mains 230V 50Hz. Measures crystal current under oscillatory 
conditions and the equivalent resistance. Crystal freq. can be tested in 
'conjunction with a freq. meter. £25. Carr. £1.50. 
SOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0 -500 volts at 100 mA and 
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. £18.50. Carr. £1.50. 
CLASS 'D' WAVEMETER NO. l: Crystal controlled heterodyne frequency 
meter covering 2 -8 MHz. Power supply 6V d.c. Good secondhand condition. 
£8.50. Carr. £1.50. 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges. 
Variable time dela microseconds 0 -0.1c, 115V input. £55 each. Carr. £1. 

{b METER D -729: A.M. £85. Carr. El 
ALL CARRIAGE QUOTES GIVEN ARE FOR 50 -MILE RADIUS OF LONDON 
ONLY. 

AU. U.K. ORDERS. SUBJECT TOI VALUE ADDED TAX. 

RACAL RAl7 Front Panels: E5. £1 post. 
Q METER: 30MHz- 200MHz. £55. Carr. £1. 
MUIRHEAD PHASEMETER TYPE 0729: A.M. £95.00. 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 £85 each. Carr. £1.50. 

MW -59 UNIVERSAL KLYSTRON POWER SUPPLY: £85. Carr. £3. 
TF- 1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. E2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges. E.30. Carr. £1. rang_ es. 

REMSCOPE TYPE 741 : Memory scope, as new' cond. £150.00. 
MANSON SYNTHESISERQ115- URC:_7 -30 me /s. £175.00. 
FIREPROOF TELEPHONES: £25.00 each, carr. £1.50. 
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): £10.00 each, carr. £2.00. 
X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson. £85 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. ¡Ph. P.F.9. £20.00 each. Carr. £2.50. 

FREQUENCY METER BC -221: 125 -20,000 Kc /s complete with original 
calibration charts. Checked out, working order £20 + £1.50 carr. 
COMPUTER STABILISED POWER SUPPLY: 19" rack fitting. Input 200 -240v 
a.c. Output 6 volts at 25 amps. 4" meter 0 -8 volts 0 -25 amps. £35.00 each, carr. 
£3.00. 

SORENSEN VOLTAGE REGULATOR: Input 190/260 volts a.c. Output 220/240 
volts a.c. 1000 watts. £40.00, carr. £3.00. 

EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete 
in leather case. £25.00 each, post £1.00. 

AVO SIGNAL GENERATOR: 200/250 volts a.c. Frequency range 6 bands 50Hz 
to 80MHz. £25.00, carriage £2.00. 
FYLDE AMPLIFIERS TYPE 154 BDM: Rack mounted 3v d.c. and power supply 
FE.500.TP. £65.00, carr. £2.00. 

STC ATTENUATORS 74600A & B: Push -button selectors 0 -9 db 75ohm. and 
0 -90 db 75 ohm. Housed in steel case 11" x 8" x 7 ". £25.00 each, carr. £1.50. 

AUTOMATIC VOLTAGE STABILIZERS: Input 207 -242v a.c. Output 230v a.c. 
at 2.80 amps. £17.50, carriage £1.50. 

itorea. wishing to callat `_ ] MILLS, 3 & 3a BALDOCK STREET, WARE, HERTS. SG12 9DT- 
stores, please telephone WARE 66312 (STD 0920) 
for appointment and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234) 

TAUT SUSPENSION MULTIMETERS 
Made in USSR 

U4312: 41 ranges 0.3mA - 6A 
D.C., 1 5mA - A.C., 

Mirror A.C. /D.C., 0.2- 50kí1; Mirror scale. 
Sensitivity 667fì /v; Accuracy 1% 
D.C.; 1.5% A.C. ill 1.50. 
U4313: 40 ranges 0.06mA - 1.5A 
D.C.; 0.6 -1 .5A A.C.; 1.5-600v 
A.C. / D.C.' 0.06 -60k0 ; Mirror scale. 
Sensitivity 20k0 Iv D.C.; 2k0 Iv 
A.C. Accuracy 1.5% D.C., 2.5% A.C. 
£14.90. 
U4á15: 43 ranges 0.05mÁ -2.5A 
D.C.; 0.5mA -2.5A A.C.; 1 -1000v 
D.C. /A.C.; 0.3- 500kí); Sensitivity 
20kO v D.C., 2k0 /v A.C. Accuracy 
2.5% D.C., 4% A.C. £1 1 .25. 

U4324: 33 ranges 0.06mA - 3A 
D.C., 0.3mA - 3A A.C., 0.6- 1200v_ 
D.C., 3 -900v A.C., 0.5- 500kí); 
Sensitivity 20,000) Iv D.C., 
40000 /v A.C. Accuracy 2.5% D.C., fr 4% A.C. Re- chargeable cadmium cell 
operation. t10.85. 
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OSCILLOSCOPE CI -5 
Made in USSR 

Extremely simple and easy to use single beam 
oscilloscope. Well proved design based on standard 
octal valves makes servicing and maintenance 
straightforward and inexpensive. Because of its 
bandwidth of 10 MHz the instrument is suitable for 
general electronic applications and educational 
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 0.1m sec. to 3 m sec. A.C. mains operation: 

Price £55.00 ex. works 
Packing and carriage (U.K. only £2.50 ï 

EDUCATIONAL METERS 
Made in USSR 

A range of small portable free -standing meters suitable 
for experiments and demonstration work. Moving coil 
movements with centre -pole pieces. 69mm long open A 
scale. Basic calibration accuracy 4 %, The following 
ranges are available: 1, 2, 5. 10 Amps D.C.: 6. t 5, 30 
Volts D.C. Overall dimensions: 80 x 100 x 48mm. 

Price £1.90 ex. works 
Packing and postage 120. 20 per meter LINEAR I.C. AMPLIFIERS 

TÁÁ263 - 3 stage low level amplifier. 
Bandwidth DC to 600kHZ. Supply 
'voltage 6 -8V. Output power 10mW. To 
72 4-lead £0.65. 
TAA293 - Med. freq. amplifier up to 
600kHZ. Supply voltage 6)/. Output 

110mW into 1500. TO 74 10 -lead case 
£0.65. 
bÁÁ 
bi-polar 

-Mort stage followed by a 
9ip4Vr 

Power 
Gate-to-source source Drain 

Power dissipation 200mW. Drain 
,current 1 aA. TO 18 3 -lead íO.60. 

DIGITAL 7400 SERIES I.C. 
Made in USSR 

7400 £0.14 7440 £0.14 
7401 £0.14 7450 E0.14 
7410 £0.14 7453 £0.14 
7420 £0.14 7455 0.14 
7422 £0.20 7460 £0.14 
7430 £0.14 7472 E0.30 

7474 f0.25 

TEXAS BC51 7 

case. 
eon Darlington rage 

current 
pair in 0,00lead plastic 

Max. current gain 
Max. 

Max V 
40V; Max. Ir2400mA. ax. 1co=10 

E0.80 

SPECIAL TELEVISION 
BARGAINS 

FIRST GRADE TRANSISTORS 
R200ß8 £0.95 
R2010B £1.65 ' 

BÚ133 £1.55 
BU 133 E2.05 
BÚ208 E2.00 

Have you already got our illustrated 1975 catalogue/ price 
list of valves, semiconductors, test equipment and passive 
components? If not, please send £0.20 for your copy now 

Prices are exclusive of VAT and unless stated otherwise 
packing and postage. When remitting cash with order 
please add E1 .00 per reultimeter, or £0.20 in f for other p p 
items, as well as VAT (25% for valves, semiconductors and 
linear LC.s and 8% for other equipment). 

t 

Z& I A E R O SERVICES LTD. Retail Branch: 

Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 85 Tottenham Court Road 
London W 1, Tel: 580 8403 

Tel.: 727 5641 Telex: 261306 
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=1 electronics 
Dept. 5, 56, Fortis Green Road, 

Muswell Hill, London, N10 3HN. 

telephone: 01 -883 3705 

CD4000AE 
CD4001AE 
CD4002AE 
CD4006AE 
CD4007AE 
CD4008AE 
CD4009AE 
CD4010AE 
CD401 I AE 

CD4012AE 
CD4013AE 
CD4014AE 
CD4015AE 
CD4016AE 
CD4017AE 
CD40184E 
CD4019AE 
CD4020AE 
CD4021AE 
CD4023AE 
CC4022AE 
CD4024AE 
CD4025AE 
CD4026AE 
CD4027AE 
CD4028AE 
CD40?9AE 
CD4030AE 
CD4035AE 
CD4040AE 
CD4042AE 
CD4046AE 
CD4049AE 
CD4050AE 
CD405IAE 
CD4052AE 
CD4056AE 
CD4060AE 
CD4066AE 
CD4068AE 
CD4069AE 
CD4070AE 
CD407IAE 
CD4077AE 
CD408IAE 
CD4082AE 
CD4085AE 
CD4086AE 
CD4093AE 
CD4099AE 
CD4511AE 
CD4528AE 

1_24 25-99 100up 

19p ' 17p 14 
19p 17p l4p 
19p " 17p 14 

£1.59 £1.33 E1.06 
23p 19p I5p 

£1.75 £1.46 £1.17 
Use CD4049 
Use CD4050 
19p 

19p 

59p 
£1.75 £1.46 £1.17 
£1.75 £1.46 £1.17 

55p 48p 44p 
E1.29 E1.07 93p 
£1.89 E1.56 £1.25 

80p óóp 53p 
E1.97 £1.64 £1.31 
£1.75 £1.46 E1 .17p 

14 17p 14p 

£1.83 E1.53 £1.2? 
£1.26 E1.05 84p 

19p ' 17p 14 
£2.79 E2.33 E1.86 

98p 82p 65p 
£1.53 £1.28 £1.02 
E1.89 £1.56 £1.15 

71p 59p 47p 
E1.75 £1.46 E1.17 
£2.01 £1.69 £1.34 
£1.49 E1.24 99p 
£5.15 E1.79 £1.44 

69p 58p 44 
699 589` 469' 

E2.78 £2.32 £1.85 
E2.78 E2.32 £1.85 
E2.12 £1.76 E1.41 
£2.39 £1.99 £1.55 
£1.13 94p 75p 

24 24 19p 

28p 24p 19p 

28p' 249' 19p' 
24p' 14 
59p 47p 
24p 14 
24p 19p 

E1.06 85p 
£1.06 85p 
£1.20 11.04 
E2.46 £1.96 
£1.79 £1.44 
E1.08 879 

17p 14 
17p 14 
509 469 

28p 
71p 
28p 

?Bp 
£1.28 
£1.28 ' 

£1.56 
£2.95 
£2.36 
£1.30 

DECADE DUN I.C. 

This stare-of -the -art MOS LSI chip contains 
oll the logic necessary for a 3; decade, dual 
slope Integrating, automatic polarity detecting 
DVM Supplied with free data and circuit 
booklet. AY -5 -3507 

OUR PRICE ONLY £6.59. 
(Data and Circuit Booklets alone 20p.) 

The 4Y'5 /224 ticktock 
Another marvel from G.I. A 16 pin 
12- ?4 hr. Clock I.C. with 25 pin capability 

and low external porn count. Supplied with 
nufacturers derailed leaflet £3.95p(inc. 

VAT) (Leaflet alone 20p.) Full Kir 
(excluding cow) ovai (able towards . 

end of 1975. Phone Clive for details. 

MUL LARD MODULES 
Still moka the simplest, highly 
reliable F.M . tuner 

LP1186 
LP1185 
LP1400 

aractor Iront end 
I F Stop 
Multiplex decoder 

£8-60 
E695 
£9 02 

Pin Sockets, pins in strips 
of 100. Just snip off what 
you need. 65p per scrip 
Dual in line 
8 pin 13p. 24 pin 24. 
14 pin I5p 28 pin 30p. 
16 pin 15p 36 pin 39 p. 

105 
8 pin 319 
tapin 35p. 

FREE CIRCUITS 
Our 8 Pogo A4 Audio I.C. Booklet 
is supplied FREE with purchases of 
Linear I.C.', worth £1. or more 
(35p. if sold alone) Contains circuits 
and pin connections 
15 Amplifiers 250 mW to 20 watts 
5 Audio Pre -Amplifie,, 

Tope Pre -Amplifier 
Power Drive 
Instrument Amplifier (Rifer) 
General Purpose Mini Amplifier 
D.C. Controlled Gain Control 
Micro -mini radio (2 I.C's) 

PHOTO- DARLINGTON 
Viceo 25v 2N5777 
Vcbo 25v 6 

Vebo 8v /,/ c 

Il 250 mA ¡ 
Pd 200 mW 
Hfe 2500 347P` 

IINE-O-L/GNT 

NEW LED Linear Conors 
each device contains 10 light 
end sting diodes in a 20 pin duel- 
s -line package. Ideal for sol id 

:rote analogue meters or dials 
Type 101 RED £2.26. Complote 
with leaflet. 

7400 
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 

29p 

14 10p 
12p 10p 
12p 10p 
124p 10p 
13p llp 
13p 11p 
13p Ilp 
13p Ilp 
24P 20p 

279 22}p 209 
16p 13p 1 l 
27p 224p IBp 

27p 2211s l8P 
27p 22zp 18p 

75p 62p 50p 

BSP 71p p 
Blp 759 65p 
75p 62p 50p 
95p 83p 67p 
30p 
25p 
309 25p 
32p 269 21p 
47p 39p 31p' 
329 26p 21p 
75p 62p 50p 

£1.30 £1.09 87p 
32p 26p 21p 

£2.92 £2.80 £2.10 
49p 40p 32p 
65p. 55p 45p, 
57p 46p 36p 
440 44 3$s 

67p 55p 45p 
£1.08 89p 72p 

35p 28p 22p 

25p 20p 
21p 17p 

20p 

34p 24 23p 
47p 39p 31p 
78p 63p 53p 
68p 58p 48p 

£1.62 £1.48 869 
E1.00 83p 67p 
£1.06 88p 71p 
£3.20 £2.50 £1.90 
£1.35 E1.14 90p 
£1.35 E1.14 90p 
£1.64 £1.34 99p 

555 (B pin dip)/ 55p 
555 (T0-991T 81P ` 
556 (I4 pin dip) £1.29 

703 (RF /IF Amp) 689 
709 (8 pin dip) 38p 
709 (T0 -99) 45p 
709 (14 pin dip) 390 
710 (8 pin dip) 399 
710 (T0 -99) 45p 
710 94 pin dip) 4Ip 
711(TO -99) 5lp 
711 (14 pin dip) 449 
720 (A.M.Rodio) E1.76 
723 00 -99) El .09 

=723 (14 pin dip) 55p 
3 741 (8 pin dip) 30p 

741 (T0 -99) 43p 
741 (14 pin dip) 369 
747 (14 pin dip) £1.04 
748 (8 pin dip) 44 
748 (T0-99) 469 
748 (14 pin dip) 49p 
753 (F.M. Ist.I.F) 

E1 .08 
75491 88p 
75492 £1.10 

Reguloton 100 mA 
78105WC (T0-92) 60p e 

78L12WC (10-92) 60p 
78LI5WC (10-92) 60p 

AY-1-0212 
AY-I-5051 
AY-5-1224 
AY-5-3500 
AY-5-3507 
AY-5-4007 

£6.93 
£1.44 
£3.95 
£6.59 
£6.59 
£7.94 

BHA0002 £3.01 

CA2111 E1.19 
CA3045 E1.69 
CA3046 88p 
CA3053 59p 
CA3065 E1.60 
CA3075 £1.64 
CA3078 £1.26 
CA3080 599 

CA3081 El .86 
CA3082 £1.86 
CA3089E (TDAI200) £2.43 
CA3097E £1.67 
CA3123E £1.76 
CA3130 84p 
CA3401E (LM3900) 68p 
CA3600E £1.44 

LOOSTI (TO.3) E1.46 
L03671 (T0.3) £1.46 
L03771 (T0 -3) £1.46 
1129 (SOT -3 ?) 85p 

mÁ 
L130 (SOT -32) 85p 

Regulators 100mÁ 
78L05AWC (TBA625A) 9Op 

1131 (SOT-32) 85p 

78LI2AWC (TBA625B) 90p LM301T (T0 -99) 65P 
78LISAWC (TBA625C) 90p LM30IS (8 pin dip)59p 

LM301A T(T0 -99) 67p 
LM301A S(8 pin dip) 59p 

' 1) 307 T (T0 -99) 59p 

LM307 S (8 pin dip) 57p 
' LM308 T (T0 -99) EI .96 

LM308 S (8 pin dip) 98p 
LM308A T (TO-99) £7.92 
LM308A S (8 pin dip)£6.90 

Regulators 500mA 
78M05HC £1.35 
78M12HC 
78M15HC 
78M I8HC 
78M24HC 

Regulators IA 
7805KC (70 -3) 
7812KC (T0 -3) 
7815KC (T0 -3) 
7818KC (10 -3) 
7824KC (T0-31 

E1.35 
£1.35 
E1.35 
EI.35 

£2.09 
E2.09 
£2.09 
E2.09 
E2.09 

Regularon IA 
780500 (T0 -220) £1.72 
7812110 (T0 -220) £1.72 
7815UC (T0 -220) £1.72 
78181K (10 -220) E1.72 
7824UC (T0- 2201E1.72 

1CL8030 £3.52 

LM309K 
LM339 

LM370N 
LM371 
LM372N 
LM373N 
LM377N 
LM380 
1M381 
LM382 
LM703 
LM1820 

£2.34 
£2.25 

£2.85 
£2.08 
E1.99 
£2.99 
£2.71 
£1.25 
£1.85 
£1.66 

68p 
£1.03 

LM2111 
LM3900 
LA13909 
Mg1303L 
MC 1306P 

TMC 1310P 

MC1312P 
MC1314P 
MC1315P 
MC1327P 
MC13300 
MC3401 P 

MC 1339P 

MC 1350 

El .12 
69p 
66p 

£i.94 
85p 

£2.11 
E2 52 
14 34 
14.85 
11 48 

89p 
81p 

£1 60 
68p 

MC1351 92p 
MC1352 92p 
MC1357 11.613 
MC1358(CA3065) E1.23 
MC 1375 11.56 
MC.1455 (555T) 65p 
MC1456CG £1.77 
MC1458CP1 89p 
MCI468G 12.30 
MC14951 £4.48 
MC1496G E101 
MC3302P 11.65 
MC3401P 81p 

MFC4000B 
MFC4060A 
MFC6030A 
MFC 6040 

MM5314 
MM5316 

MVRSV (T0-3) 
MVRI2V (T0-3) 
MVRIN (10-3) 

NE5401 
NE546A 

ÿNE555V 
NE556 
NE560B 
NE5618 
NE562B 
NE563 
NE565N 
NE566V 
NE56N 
506000 

SL414A 
014151, 
SL437D 
SL440 

SN75491 N 
SN75192N 

87p 
85p 
85p 

11 01 

£4.80 
£9.99 

EI.45 
EI.45 
E1.45 

E1.25 
El .16 

69p 
E1.29 
E5.06 
£5.06 
E5.06 
£2.96 
£2.63 
E1.87 
£2.63 
E1 22 

£2.09 
E2.75 
£7.50 
£2.84 

889 
E1.10 

ZN414 Leaflet free with devices( 10palone ) 

MC1310, 2, 4 8 5 Leaflet free with devices (10p olone) 

LED DISPLAYS 
Lirronix Double Digit Displays 
0.5" Common Anode; 2 R/H 
Decimol Points 
DL721 t 1.9 
DL727 0.0 to 9.9 
Suitable for Clocks, Maton, 
Instruments, Channel Indicators 
Our price £4.75 each 

Low cost Red GoAsP 
Motorola MLED 500 
in o 1092 pockoge 

....on.' I 5 p. 

NEW 

I 
le'-I 'e 

SN76001 N (TAA611) £1 .82 

SN76003N £3.30 
5N76013N £1.98 
SN76023N £1.98 
SN76 227N(MC 1327) El .89 

SN76532N £1.86 
SN76544N £1.81 
SN76550- 2(TAA550) 89p 
SN76552-2 Qlp 
SN76660N(TBAI20) 75p 

SN76666N (CA3065) EI .12 

TAA?63 
TAA300 
TAA310A 
TAA320 
TAA350 
TAA370 
TAA550 
TAA570 
TAA700 

TBA1 205 

TBA231 
TBA281 (723) 
TBA5000 
TBA5200 
TBA5300 
TBA5400 
TBA5500 
TBA560C0 
TBA6?5A 
T8A67SB 
TBA625C 

TBA651 
TBA7200 
TBA7500 
TBA800 
TBA8105 
TBABIOAS 
TBA820 
TBA9200 
TBA9900 

TCA2700 
TCA760 
TCA8000 
TCA830S 
TCA940 

IDA 1054 

TDA1200 
TDA1405 
TDA1412 
TDAI415 
TDA2010 
TDA2020 

ULN2111A 

EI.50 
£2.16 
£1.87 
E1.44 
£2.43 
£3.45 

75 
E2.75 
£5.03 

E1.25 
£1.02 
£2.59 
£3.16 
£3.85 
E3.27 
E3.72 
£5.29 
£5.29 
£1.03 
E1.03 
£1.03 

£1.87 
£2.79 
£2.79 
£1.11 
£1.24 
E1.24 

86P 
E4.71 
£4.71 

£5.24 
£2.16 
£7.24 
£1.04 
£2.25 

£1.50 1, 

E2.43 

8()p 
809 
80p 

E3.00 
£3.75 

£1.52 

ZN414 E1.26 

DIGITAL SWITCH 

u 
S 

BCD encoded digital switch 
Reading 0 to 9. Suitable For 

_ a digital clock (dorm sentine 
a.- +lys DVM input Scaling etc. 

' 1 to 9. £1.49 each , V V J V 
1111 

0.33' Lirronix DL 707 Series 1/,/f all El .82 each (Red only) 
0.33° Monsanto MAN 50/70/81373600 1/.4/ all £1.82 Foch (Red, green, yellow, Orange) 

0.33 xciron XAN 70 Series 1/ 4r1 oll £1.49 Each (Red Green, yellow) 
0.43 Monsanto MAN 4000 Series /1 {, oll £2.3 ? Foch (Red, Green, Yellow, Oronge) 
0.63 Lirronix 01747 'Jumbo' Sertes f_,/ all £242' Each ( Red only ) 

T Common Cathode os Common Anode (Red only) 
NOTE: MAN 4000 Series pin ours ore 14 pin dit the some as MAN 50; 70 and 80 seres. 

l/GNT EMITTING DIODES Cont ë 

Red 

Green 
Orange 
Yellow 

Fre 

e 

nap -on plastic retainer 

0.125 " 0.16" 
dia.lera may \ dia. lens 
(T11209) 
I. 10+ 100+ 1+ 10+ 100+ 

16p I5p 
27p 2b 
27p' 24p 
34p 31p 

13 
22p' 
22p 
299' 

27p 249 22p 
279' 
27p 
299' 

33p 309 
33p 309 
35p 329 

dia. lens 
(MLED 650) 
1+ 10+ 100+ 

18p 16, 14P 

30p 27p 25p 
30p 27p 25p 
35p 33p 30), 

Our Bulk Buying Power enables a 

repeat of our Special Offer- 
0.33: (LIT 707) 90p.(inp. VAT) 
0.63 (LIT 7471E1.99 .line. VAT) 

OPTO ISOLATORS 
Ill 4N25 or TIL116 
6 pin industry standard package 
2.5KV isolation EI.00. 

MAINS TRANSFORMERS 
Secondaries 

6 -0 -6V 
9 -0 -9V 

12 -0-12V 
20 -0 -20V 
24 -0-24V 
28 -0-28V 

100 mA 
100 mA 
100 mA 

IA 
500 mA 

IA 

97p. 
97p. 

97p 
£4.55 
£2.48 
E6.18 

0-9-17 V 
0-12-15-20-24-30 V 

0-24-30-40-48-60V 
0-19-25-33-40-50V 

kA IA 2A 

- £1-95 £2.27 
- £2.48. £4.15. 
- £5.18 £7.02 

E2.70' £3.40 er £4.53 

p.p. on tronsfonnen IO %af price min. 20p 

4A 

£2.64 

VAT INC 
Overseas Customers 
deduct 2/27 from 
item. 1/5 from other, 

postage 8 pocking 20p. 

Orden for over £6. post 

free. Except transforme,, 

Dota Sheet and photocopy service available 10p. per page 

OMM= IMIEZEIMIECMC 
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LookìnU tor... 

...high voltage 
air dielectric capacitors 

Specially developed for modern transmitting and aerial tuning applications. 

...an extensive and versatile 
range of trimmers 

With an extra edge of capability to a host of applications in professional 

communications and instrumentation equipment. 

...a new approach to linear 
displacement measurement 

High sensitivity and linearity coupled with infinite resolution make these linear and angular 

displacement transducers ideal for a wide variety of control and measurement applications. 

See them on Stand 32 at the "All Electronics Show'; 
Grosvenor House, April 13th -15th. 

All Jackson products are backed by 5U years' experience.in the 

communications field. Highly skilled men, and Jackson Brothers' good name. 

JACKSON BROTHERS (LONDON) LIMITED 
Kingsw,iy. Aiddon, Croydon CR9 4DG. Tel: 01- 681 2754, 7 Telex 946849 

B. S. 9000 Approved. DEF. STAN. 05 - 21 REG. No. 46020/1/01. 

WW -083 FOR FURTHER DETAILS 

"Ampex and 
WHAT ?..:' 

The 
JAMES SCOTT 
Alhinnient Units 
tbr R. and F.M. 
Multi - Channel 
Tape Recorders. 

.,411. 

The F.M. Alignment . 
Unit Type FMU /1 illustrated was designed at 

the Royal Radar Establishment, Malvern, to suit 
Ampex Recorders working on the TRIG intermediate 
band specification (using ES 100 Electronics) e.g Model 
Numbers FR 1200, FR 1260, FR 1300, FR 1800L, FB 400, PR 500 

If you have a sophisticated Ampex Recorder - 
Align it to the Manufacturers specification 
using our Alignment Units for D.R. & F.M. 
Systems. 

Speedy and inexpensive 

For Further information and Technical Literature 
Write or telephone. 

SCOTT 
-(Electronic Engineering) Ltd 

CARNTYNE INDUSTRIAL ESTATE 
GLASGOW G32 6AB 
Tel 041 778 4206 
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To obtain further details of any 
of the coded items mentioned 
in the Editorial or Advertise- 
ment pages of this issue, please 
complete one or more of the 
attached cards entering the 
reference number(s). Your 
enquiries will be passed on to 
the manufacturers concerned 
and you can expect to hear 
from them direct in due course. 
Cards posted from abroad 
require a stamp. These Service 
Cards are valid for six months 
from the date of publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 

getting the information you 
require from the journal as 

soon as you should. Why not 
have your own copy? 

To start a one year's 
subscription, place a tick in the 
box on one of the postage -free 
cards opposite and fill in your 
name and address. 

I 
I 

I 
I 
I 

I 
I 
ti WIRELESS WORLD, 

READER ENQUIRY SERVICE, 

429 BRIGHTON ROAD, 

SOUTH CROYDON, 

I SURREY 

CR2 9PS 

I_ 

Postage will 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 

Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE 
Licence No. 12045 

1 

mi CUT HERE me 

121 

Enquiry Service for Professional 
Readers 

Wireless World, April 1976 
WIRELESS WORLD 

Please arrange for me to receive further details of the products listed, 

the appropriate reference numbers of which have been entered in the 

space provided. 

Name 

Name of Company 

Address 

Telephone Number 

11VW.... 

WW.... 
WW.... 
ww.... 
ww.... 
WW.... 
ww.... 
WW.... 
ww.... 
WW.... 
ww.... 
WW.... 
wW.... 
ww.... 
ww.... 
WW.... 

WW.... 

WW.... 
ww.... 
WW.... 
ww.... 
Ww.... 
WW.... 

PUBLISHERS 
USE ONLY A/E 

Position in Company 

Nature of Company /Business 

No of employees at this establishment 

I wish to subscribe to Wireless World 

VALID FOR SIX MONTHS ONLY 

CUT MERE RIM =MI MI 

Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Wireless World, Room 15, 
Dorset House, Stamford Street, 
London SE1 9LU, England 
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Enquiry Service for Professional 
Readers 

ww.... ww.... ww.... 
WW.... WW.... WW.... 

ww . ww . . . . WW 

wW. ww. 

VWII . wW . 

WW. wW. 
wW. wW. 
ww. wW. 
WW. wW. 

Postage will 
be paid by 
Licensee 

i^ 

0 

WIRELESS WORLD 
,, 

Please arrange for me to receive further details of the products listed, ; 
the appropriate reference numbers of which have been entered in the 
space provided. 

Wireless World, April 1976 I 

Name 

Name of Company 

Address 

Telephone Number 

PUBLISHERS 
USE ONLY A/E 

Position in Company 

Nature of Company /Business 

No. of employees at this establishment 

I wish to subscribe to Wireless World 

VALID FOR SIX MONTHS ONLY 

SCUT HERE 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 

READER ENQUIRY SERVICE, 

429 BRIGHTON ROAD, 

SOUTH CROYDON, 

SURREY 

CR2 9PS 
an CUT HERE nm 

i 

I 

I 

I 

m 

Wire less World Subscription Order Form Wireless World, April 1976 

UK subscription rates 

1 year: £7.00 
USA & Canada subscription rates 

1 year: $18.20 

Please enter my subscription to Wireless World for 1 year 

I 

I 

I 

I 

I 

I 

I 

I enclose remittance value made payable to 

IPC BUSINESS PRESS Ltd. 
Á 
m 

Name 

Address 

HARMSWORTH TOWNLEY 4 
FOR FASTENERS 

The quickest way of 
putting things together 

METAL ANCHOR NUTS 
with threads up to 3/8" or 10 mm 

SYSTEM J for 
i sheet metal and 
'"III", , other work up to 
I I ,j 1/4" thick 

¡0 SYSTEM Xfor 
-_ ' materials from 

0.038" upwards. 1 

111 Z i^ 

These internally threaded fasteners 
are set into work like a blind rivet 
with hand and power tools. r. 

,w 
..----4 

tsar tó 

WIRE TIES 
Colour coded 
plastic wire ties. . Twist -on, Twist -off, 

N1 *, use over and over 
again. 

PLASTIC RIVETS 
Self expanding 

* plastic rivets, set 

-4r- ' with simple hand 
tools or a light 
hammer. 

DRESSING CLIPS 
I 

I% 
Semi -rigid panel- 
mounted clips for 
flat, compact looms. 

SELF -ADHESIVE( 
CABLE CLIPS 

I 1 Three sizes of 
plastic clips with 
self- adhesive 
backing. 

P.C. BOARD 1 ó FITTINGS 
E: on Guides, Stand -offs, 
X07 _I spacers in various r %' sizes, all in non- 

conductive plastic. 

To get information on 1 

hundreds of fastener types 
please ask for leaflets! 

Harmsworth, Townley & Co. Ltd. 
2 Harehill, Todmorden, Lancs. 

Phone 070 681 2601 
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Buy a really goo,- set t_C Eskers ar d you've got 
yourself a better him system . bu a set of Celestion 
laittons and you've rot vnc rf t e 

Whether you alrL cv own -,r arc t)rnking of buying 
either a 'package' hi- i system 
or are selecting your J.vn 
individual.units,a pa r if good 
speakers will pay di t d_'r ds in 
terms of sound quali . 

Some people pay I .2t 
attention to selecting 41-1: 

speakers. Given first pi >rity 
they will vastly impro.iethe 
performance of must s :ems 

Celestion ttons :rive a long stmt ling repu. Lion 

among enthusiasts 1« their outstanding achievements 
in high quality- sound reproduction. 

From left tc rigt t Ditt&n 11, 44 and 33_ 
Visit your Celesti* r dealer. 

See the beautiful appearance 
anc hear the new salt ds 
3f tre very latest Dit oats. 

Fill details on request. 

- 

Celestion 
Rola Ccicsu(,n Limited, 1)ittun A'yolks. 

Foxhall Road, Ipswich, Suffolk 1 P3 8J P. 

Telephone: Ipswich (0473) 73131. 
Cables: Voicecoil Ipswich. Telex: 98365. 

r 

please send full details of Ditton I II I', Ditton 33 
.k oppropriaw 

Name 

Ditton 44 W10 

Address 
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115 240 Watts! 
HY5 
Preamplifier 

HY30 
15 Watts into 80 

The HY5 is a mono hybrid amplifier ideally suited for ell applications. All common input functions 
(mag Cartridge. tuner. etc) are catered for internally, the desired function is achieved either by a 
multi-way switch or direct connection to the appropriate pins. The internal volume and tone circuits 
merely require 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 pre -amplifier. 
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 47k0 at 1 kHz. 
OUTPUTS. Tape 100mV: Main output 500mV R:M.S. 
ACTIVE TONE CONTROLS. Treble T 12dB at 10kHz; Bess '_ at 100Hz. 
DISTORTION. 0.1% at 1kHz Signal/ Noise Ratio 68dB. 
OVERLOAD. 38dB on Magnetic Pick -up. SUPPLY VOLTAGE 1- 16 -50V. 
Price £4.75 + £1.19 VAT P &P free. 

The HY30 is an exciting New kit from I.L.P. it features a virtually indestructible I C. with short circuit 
and thermal protection. The kit consists of I.C.. heatsmk, P.C. board, 4 resistors. 6 capacitors. 
mounting kit. together with easy to follow construction and operating instructions. This amplifier is 
ideally suited to the beginner in audio who wishes to use the most up -to -date technology available. 
FEATURES: Complete Kit - Low Distortion - Short. Open and Thermal Protection - Easy to Build 
APPLICATIONS: Updating audio equipment - Guitar practice amplifier - Test amplifier -- audio 
oscillator 
SPECIFICATIONS 
OUTPUT POWER 15W R.M.S. into 80: DISTORTION 0.1% at 15W. 
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE'1OHz -16kHz -3dB, 
SUPPLY VOLTAGE 18V. 

Price E4.75 + £1.19 VAT P &P free. 

H Y 5 0 
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 

25 Watts into 8 i) FEATURES: Low Distortion - Integral Heatsink - Only five connections - 7 Amp output transistors 
-- No external components 
APPLICATIONS: Medium Power Hi-Fi systems -- Low power disco - Guitar amplifier 
SPECIFICATIONS: INPUT SENSITIVITY 500mV. 
OUTPUT POWER 25W RMS into 80 LOAD IMPEDANCE 4 -160 DISTORTION 0.04% at 25W at 
1kHz, 

SIGNAL /NOISE RATIO 75d8 FREQUENCY RESPONSE 10Hz -45kHz -3dB. 
SUPPLY VOLTAGE ' 25V. SIZE 105 50 25mm. 
Price E6.20 +£1.55 VAT P &P free. 

HY120 
60 Watts into 8Q 

HY200 
120 Watts into 8Q 

HY400 
240 Watts into 40 

POWER 

SUPPLIES 

The HY120 is the baby of I P.'s new high power range, designed to meet the most exacting 
requirements including load line and thermal protection this amplifier sets a new standard in modular 
design 
FEATURES: Very low distortion - Integral heatsink - Load line protection - Thermal protection -- 
Five connections - No external components 
APPLICATIONS: Hi -Fi - High quality disco -- Public address - Monitor amplifier -- Guitar and 
organ 
SPECIFICATIONS 
INPUT SENSITIVITY 500mV. 
OUTPUT POWER 60W RMS into 80 LOAD IMPEDANCE 4 -1611 DISTORTION 0.04% at 60W at 
1kHz. 

SIGNAL /NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz -45kHz -3dB SUPPLY VOLTAGE 
35V 

SIZE 114 50 85mm 

Price E14.40 +E1.16 VAT P &P free. 

The HY200 now improved to give an output of 120 Waits has been designed to stand the most 
rugged conditions such as disco or group while still retaining true Hi-Fi performance 
FEATURES: Thermal shutdown - Very low distortion - Load line protection - Integral heatsink - 
No external components 
APPLICATIONS: Hi -Fi - Disco - Monitor -- Power slave - Industrial -- Public Address 
SPECIFICATIONS 
INPUT SENSITIVITY 500mV. 
OUTPUT POWER 120W RMS into 8G LOAD IMPEDANCE 4 -160 DISTORTION 0 05% at 100W at 
1kHz 
SIGNAL /NOISE RATIO 96 dB FREQUENCY RESPONSE 10Hz -45kHz - 3dB SUPPLY VOLTAGE 

45V. 
SIZE 114 100 85mm. 

Price E21.20 + £1.70 VAT P &P free. 

The HY400 is I. L. P.'s Big Daddy" of the range producing 240W into 40! It has been designed for 
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 
nom poner. is 

-APPLICATIONS: Public address - Disco Power slave - Industrial 
SPECIFICATIONS 
OUTPUT POWER 240W RMS into 40 LOAD IMPEDANCE 4.160 DISTORTION 0.1% at 240W at 

1 kHz. 

SIGNAL /NOISE RATIO 94d13 FREQUENCY RESPONSE 10Hz -45kHz - 3d8 SUPPLY VOLTAGE z 

45V 
INPUT SENSITIVITY 500mV SIZE 114x100x85mm. 
Price £29.25 + £2.34 VAT P &P free. 

PSU36 suitable for two HY30's E4.75 plus E1 19 VAT. P / P free. 
PSU50 suitable for two HY50's £6.20 plus E1 55 VAT..P/ P free. 
PSU70 suitable for two HY 120's £12.50 plus Et .00 VAT. P/ P free. 
PSU90 suitable for one HY200 £11.50 plus FÁ.92 VAT. P / P free. 
PSU 180 suitable for two HY200's or one HY400 £21.00 plus El 68 VAT. P/ P freze. 

I.L.P. Electronics Ltd 

Crossland House 

Nackington, Canterbury 
Kent CT4 7AD 

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 O 
Please debit my Access account Barclaycard account 
Account number 
Name & Address 

Signature 
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/Marshall's 
A. Marshall (London) Ltd Dept: WW 
42Cricklewood Broadway London NW23ET Tel :01- 4520161/2 
Telex: 21492 
& 85 West Regent St Glasgow G2 20D Tel : 041 ,-332 4133 

& 1 Straits Parade Fishponds Bristol BS16 2LX 
Tel 0272 654201/2 
& 27 Rue Danton Issy Les Moulineaux Paris 92 Tel. 644 2356 

Catalogue price 25p Trade and export enquiries welcome 

OUR RANGE COVERS OVER 7,000 ITEMS 

THE LARGEST SELECTION IN BRITAIN 

TOP 200IC'S TTL, CMOS & LIN EARS 

CA3020A 1.80 CD4050 0.45 NE561 4.48 557448 0.90 5574160 0.88 
CA3028A 0.79 CD4510 1.26 NE565 4.48 657450 0.16 5574161 0.88 
CA3035 1.37 CD4511 1.94 SL414 2.35 657451 0.16 5574162 0.88 
CA3046 0.70 CD4516 1.25 SL610C 2.35 SN7453 0.15 SN74163 0.88 
CA3048 2.11 CD4518 1.87 SL611C 2.35 SN7454 0.18 SN74164 1.80 
CA3052 1.62 CD4520 1.87 SL612C 2.35 SN7460 0.18 5574165 1.60 
CA3089E 1.98 LM301A 0.48 51620C 3.50 557470 0.29 5574167 3.30 
CA30900 
CA3130 

4.23 
0.88 

LM308 
LM 309K 

1.17 
1.88 

SL621C 
516230 

3.50 
5.24 

SN7472 
557473 

0.21 
0.31 

SN74174 
SN74175 

0.99 
0.70 

CD4000 0.18 04380 .98 SL640C 4.00 SN7474 0.31 5574176 1.14 
CD4001 0.18 LM381 2.07 SN7400 0.18 SN7475 0.45 SN74180 1.10 
CD40D2 0.18 LM 702C 0.79 5N7401 0.18 557476 0.30 SN74181 1.95 
CD4006 0.99 LM 709 SN7401AN 0.29 657480 0.42 5574190 1.86 
CD4007 0.18 T099 0.38 SN7402 0.16 SN7481 1.00 5574191 1.86 
CD4008 0.82 BEIL 0.45 SN7403 0.15 SN7487 0.65 SN74192 1.15 
CD4009 0.52 14011 0.38 557404 0.19 SN7483 0.82 5574193 1.15 
CD4010 0.52 LM710 0.47 SN7405 0.19 SN7484 0.96 . SN74196 1.60 
CD4011 0.18 LM 723C 0.66 5N7406 0.36 SN7485 1.00 SN74197 1.58 
CD4012 0.18 LM741C SN7407 0.36 SN7486 0.29 SN74198 1.80 
C04013 0.45 T099 0.40 SN7408 0.19 557490 0.42 5574199 1.80 
CD4014 0.89 SDI l 0.40 SN7409 0.18 5N7491 0.75 SN76003N 2.92 
CD4015 0.89 14DI1 0.38 SN7410 0.18 557492 0.45 SN76013N 1.95 
CD4016 0.45 LM747 1.05 SN7411 0.20 SN7493 0.45 SN76023N 1.60 
CD4017 0.88 LM748 SN7412 0.22 SN7494 0.75 SN76033N 2.92 
C04018 0.88 BOIL 0.44 557413 0.28 557495 0.68 TAA263 1.20 
CD4019 0.52 14011 0.41 SN7416 0.28 557496 0.68 TAA300 1.84 
CD4020 0.98 LM3900 0.61 SN7417 0.28 SN74100 1.10 TAA350A 2.10 
CD4021 0.88 LM7805 1.88 SN7420 0.16 SN74107 0.30 TAA550 0.32 
CD4022 0.85 LM7812 1.99 SN7423 0.23 SN74118 0.85 TAA611C 2.18 
CD4023 0.18 LM7815 1.99 SN7425 0.23 SN74119 1.75 TAA621 2.03 
004024 0.72 LM 7824 1.99 5N7427 0.23 5574121 0.32 TAA6618 1.03 
CD4025 0.19 MC1303L 1.50 SN7430 0.15 5574122 0.42 TBA6418 2.25 
CD4027 0.43 MC1310P 2.50 5N7432 0.22 5574123 0.85 TBA651 1.69 
CD4028 0.83 MC1330P 0.90 557437 0.28 5574141 0.75 TBA800 0.89 
C04029 1.06 MC1351P 0.80 SN7438 0.28 6574145 0.72 TBA810 0.98 
CD4030 0.52 MC1466L 3.50 557440 0.16 SN74150 1.20 T8A820 0.80 
C04031 0.98 MC1469R 2.75 SN7441AN 0.68 SN74151 0.68 TBA920 1.79 
CD4037 0.88 MC14553 4.07 SN7442 0.66 SN74153 0.68 14DILSICT 0.12 
CD4041 0.70 NE555V 0.70 SN7445 0.78 6574154 1.20 16DIl5KT 0.13 
CD4042 1.83 NE556 1.30 SN7446 0.84 SN74155 0.78 
CD4049 0.45 NE560 4.48 557447 0.80 SN74157 0.78' 

LONDON, GLASGOW, PARIS - AND NOW 

BRISTOL 
ITS OUR SERVICE THAT MAKES US GROW 

POPULAR SEMICONDUCTORS 

25696 0.22 253906 0.19 AFJ39 0.65 BD139 0.71 MPSA56 0.31 
25697 0.18 254037 0.42 AF239 0.56 BD140 0.57 0C28 1.48 
25698 0.82 254036 0.67 AF240 0.90 0E115 0.29 OC3C 1.16 
25699 0.59 254058 0.18 AF279 0.70 8E117 0.55 0042 0.50 
25706 0.14 254062 0.15 AF280 0.79 6E154 0.20 0C45 0.32 
2N708 0.17 254289 0.34 AL102 1.00 8E159 0.27 11P29A 0.49 
25916 0.28 254920 1.10 BC107 0.14 8E180 0.36 TIP29C 0.80 
25918 .0.32 254921 0.83 BC108 0.14 8E181 0.35 TIP31A 0.52 
2N1302 0.185 254923 1.00 BC109 0.14 8E184 0.30 TIP32A 0.74 
251304 0.26 255245 0.29 841478 0.10 8E194 0.12 TIP33A 1.01 
251306 0.31 255294 0.48 BC1488 0.09 13E195 0.12 TIP34A 1.51 
2N1308 0.47 255296 0.48 BC149B 0.11 8E196 0,13 TIP35A 2.90 
251711 0.27 255457 0.29 6C157A 0.18 13E197 0.15 TIP36A 3.70 
252102 0.60 2N5458 0.26 BC158A 0.16 8E198 0.18 TI P41 A 0.79 
2N2147 0.78 255459 0.29 BC16'B 0.15 8E244 0.21 TIP42A 0.90 
252148 0.94 256021 0.45 BC168B 0.15 8E257 047 TIP2955 0.98 
2522184 0.47 35128 0.73 BC1698 0.15 BF258 0.53 TIP3055 0.50 
252219A 0.52 35140 1.00 BC182 0.12 8E259 0.55 11543 0.28 
252220 0.25 35141 0.81 BC1821 0.12 13E561 0.27 ZTX300 0.13 
2N2221 0.18 35200 2.49 BC183 0.12 BF598 0.25 ZTx301 0.13 
252272 0.20 40361 0.40 BC183L 0.13 BFR39 0.24 ZTX500 0.15 
252369 0.20 40362 0.45 BC184 0.13 BFR79 0.24 ZTX5o1 0.13 
252646 0.55 40406 0.44 BC184L 0.13 13E529 0.32 71X502 0.18 
2N2904 0.40 40407 0.35 8C212A 0.16 BFX30 0.34 15914 0.35 
2N2905 0.47 40408 0.60 BC2121A 0.16 BFX84 0.30 153754 0.15 
2N2906 0.33 40409 0.52 BC213LA 0.15 BFX85 0.30 154007 0.10 
252907 0.22 40410 C.52 BC214L8 0.18 BFX88 0.30 154148 0.04 
252924 0.20 40411 2.00 BC237B 0.16 BFY50 0.30 154504 0.22 
252926G 0.12 40594 0.74 BC238C 0.15 BFV51 0.28 155408 0.30 
253053 0.25 40595 0.84 BC239C 0.15 9FY52 0.205 44119 0.08 
253054 0.60 40636 1.10 BC257A 0.16 138139 0.48 SA102 0.25 
2N3055 0.65 40673 0.73 BC258B 0.16 M E0402 0.20 84145 0.18 
253391 0.28 AC126 0.20 BC259B 0.17 ME0412 0.18 BA154 0.12 
253392 0.15 AC127 0.40 6C301 0.34 ME4102 0.11 BA155 0.12 
253393 0.15 AC128 0.35 BC307e 0.17 MJ480 0.95 B81038 0.23 
253440 0.59 AC151 0.27 8C30BA 0.15 5.1481 1.20 BR104B 0.45 
253442 1.40 AC152 0.49 BC309C 0.20 MJ490 1.05 EP/125 0.12 
2N3638 0.15 AC153 0.35 RC327 0.23 MJ491 1.45 BV127 0.15 
253102 0.12 AC176 0.41 BC328 0.22 MJ2955 1.00 131711 0.51 
2N3703 0.13 AC187K 0.35 BCV70 0.17 MJE340 0.48 131212 0.51 
253704 0.15 AC188K 0.40 BCY]1 0.22 MJE370 0.65 0447 0.06 
253706 0.15 AD143 0.88 BCY72 0.18 MJE371 0.75 04E11 0.18 
253708 0.14 40161 0.69 60121 1 00 MJE520 0.60 0490 0.06 
253714 1.38 A0162 0.69 60123 0.82 MJE521 0.70 0491 0.06 
253716 1.80 AF106 0.40 BD124 0.67 MJE2955 1.20 04200 0.08 
253771 2.20 AF109 0.40 80131 0.40 MJE3055 0.75 By 164 0.57 
253773 2.65 AF115 0.35 80132 0.50 MP8113 0.47 ST2 diac 0.20 
253789 2.06 AF116 0.35 60135 0.21 M PF 102 0.39 40669 

'T1C44 
1.00 

253819 0.37 AF117 0.35 80136 0.22 MPSA05 0.25 0.29 
253820 0.29 AF118 0.35 PD137 0.24 MPSA06 0.31 C1060 0.65 

2 53904 0.19 AF124 0.30 B0138 0.26 MPSA55 0.21 OPB12 0.60 

Prices correct at March. 1976 but all exclusive of V A T Post & Packing 25p 
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TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING 12 and /or 2411 VAT 8% 
PRI 120/2401 SEC 120/2401 PRIMARY 220 -240 VOLTS 

CENTRE TAPPED AND SCREENED 
Ref. VA P &P 
No. (Watts) E p 
OT 20 £3.10 58 

149 60 4.69 72 
150 900 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 BRS 
153 3000 61.48 BRS 
'115 or 240 sec only 

50 VOLT RANGE 
SEC. TAPS 0-19- 25- 33- 40 -50V 

Amps P &P 

102 0.5 2.71 
103 1.0 3.55 
104 2.0 4.95 
105 3.0 6.10 
106 4.0 7.98 
107 6.0 12.71 
118 8.0 13.63 
119 10.0 17.75 

60 VOLT RANGE 
SEC. TAPS 0- 24- 3040- 48 -60V 
Ref. 
No. 
'124 0.5 2.48 72 
126 1.0 3.68 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 

Amps E 
P&P 

p 
58 
72 
85 
97 
1.12 
1.25 
1.61 
BRS. 

Ref. AMPS E P &P 
P 

0.5 0.25 1.54 28 
1.0 0.5 1.88 58 

2 1 2.41 58 
4 2 2.97 72 
6 3 4.43 72 
8 4 5.09 85 

13 5 5.50 85 
12 6 5.80 97 
16 8 7.48 97 
20 10 10.91 1.61 
33 15 14.20 1.41 
60 30 17.67 BRS 

No. 12v 24v 

I 1 1 

213 
71 
18 
70 

108 
72 

116 
17 

115 
187 
226 

30 VOLT RANGE 
SEC. TAPS 0- 12- 15- 20- 25 -30V 

Ret. 
P&P No. Amps E p 

112 0.5 1.90 58 
79 1.0 2.52 72 

3 2.0 3.77 72 
20 2.0 4.70 85 
21 4.0 5.56 85 
51 E.0 6.73 97 

117 E.0 7.52 1.12 
88 8.0 10.20 1.25 
89 1C.0 10.36 1.41 

AUTO TRANSFORMERS 
Ref. VA AUTO TAPS 
No. (Watts) 

113 20 0- 115 -210 -240 
64 75 0- 115 -210 -240 

4 150 0- 115 -210- 220 -240 
66 300 
67 500 
84 1000 .. .. 

93 1500 .. 

95 2000 .. 

73 3000 

P&P 
p 

1.75 51 
3.05 72 
4.33 72 
6.11 85 
9.36 1.25 

14.36 1.61 
19.02 BRS 
25.41 BRS 
36.84 _MS 

HIGH VOLTAGE 
MAINS ISOLATING 

PRI 200/220 OR 400/440 
SEC 100/120 OR 200/240 

P &P 
VA Ref. £ p 

60 243 4.37 97 
350 247 10.93 1.41 

1000 250 26.31 BRS 
2000 252 44.12 BRS 

ON -SITE TOOL ISOLATORS 
240v to 1 l Ov (To BS3535) 
Ref. VA E 

277 500 29.96 
278 750 34.47 
279 1000 37.63 
280 1500 41.65 

P &P BRS Send for details 

BRIDGE RECTIFIERS 
50v 2A 35p 

100v 2A 40p 
1004 6A 70p 
200v 1A 35p 
200v 2A 45p 
400v 2A - 50p 
400v 4A 85p 
600v 2A 55p 
500v l0A PM7A6 

f2.35 
P &P 150 VAT 25% 

METERS 
AVO8 Mk 5 £55.88 
AV072 E21.72 

P&P ì110 VAT 8% 

SCREENED MINIATURES 
Ref. mA Vohs 
238 200 3-0-3 
212 1 A 1 A 0-6. C-6 

13 100 9-0-9 
235 330.330 0-9, C-9 
207 500.500 0-8-9, 0-8-9 
208 lA 1 A 08-9, 0-8-9 
236 200. 200 0-15.0-15 
214 300, 300 0.20. 0.20 
221 700 (JC) 20-12-0-12-20 
206 1A 1A 0-15-20, 015-20 
203 500, 500 0-15-27. 0-15-27 
204 1A 1 A 0-15-27, 0-15-27 
S112 500 12.15.20.24.30 

E. 

1.62 
1.93 
1.56 
1.64 
2.02 
3.07 
1.56 
2.03 
2.38 
3.63 
3.15 
4.14 
1.97 

P& P' 

p 
39 
46. 
25 
25 
51 
58 
25 
58 
58 
72 
72 
72' 
58 

CASED AUTO. TRANSFORMERS 
240v mains lead input and USA 2 -pin outlets 
20VA 0.29. P &P 72p Ref. 113W 
150VA E6.37, P &P 850 Ref. 4W 
500VA £10.97. P &P Li.25p Ref. 67W 
1000VA £18.39 BRS. - Ref. 84W 
2000VA E26.71 BRS Ref. 95W 

HIGH QUALITY MODULES 
3 watt RMS Amplifier 
5 watt RMS Amplifier 
10 watt RMS Amplifier 
25 watt RMS Amplifier 
Pre -Amp for 3 -5-10w (new) 
Pre -Amp for 25w 
Power Supplies for 3 -5 -IOw 
Power Supplies for 25w 
Transformer for 3w 
Transformer for 5 -10w 
Transformer for 25w 
P &P Amps /Pre -Amps /Power Supplies 
.. &P Transformers 

VAT 25% 

£2.30 
£2.85 
£2.95 
E3.95 
£6.50 

£ 13.50 
E1.20 
E3.00 
E1.90 
£2.30 
£2.80 

18p 
37p 

STEREO F.M. TUNER 
4 Pre -selected stations 

Supply 20-30v 9OMa Max 
£19.95 P &P 25p VAT 25% 

MAGNETIC TO 
CERAMIC 

CARTRIDGE CONVERTER 
Operating Voltage 20/45v 

ONLY £2.65 P &P 18p 
VAT 25`.. 

NEW STEREO 30 
Complete chassis, Inc 7+ 7w rms amps, pre -amp, 
power supply, front panel, knobs (needs mains 
trans ) £15.75. Mains trans. E2.45. Teak 
veneered cab. £3.85. P &P 88p. VAT 25 %. 

POWER UNITS 
CC /2 -05. Output switched 

3- 4- 5- 6- 7.5 -9-12v at 500mA 
E4.08. P &F 43p VAT 8% 

BSR MINI -DECK 
4 -speed autochanger E6.00. 

BSR P12819 
3 speed single or auto. 

changer E16.25 
Garrard SP25 (Chassis) 

£ 17.20 
P &P 72p. VAT 25% 

ANTEX SOLDERING IRONS 
15W £2.68. 11'W £2.45. 25W £2.26. 

Soldering eon kit £3.61 
Stand for above £1.13. P &P 25p VAT 8% 

PLEASE ADD VAT AFTER P &P 
ELECTROSIL AND SEMICONDUCTOR 

STOCKISTS AUDIO ACCESSORIES & BARGAIN 
PAKS. CALLERS WE_COME (MON. -FRI. ) OR 

SEND 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 044 -FOR FURTHER DETAILS 
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wire titi N¡af 

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°/0 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 

Calibration tapes are available tor open -reel use and for cassette (specify which) Price £1.80 +VAT` 

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 25% unless marked thus', when 8% applies 
We guarantee full after sales technical and servicing facilities on all our kits 

INTEGRER LTD. 
P /ease send SAE for complete lists and specifications 
Portwood Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 11 9 PT 
Tel. Swadlincote (0283 87) 5432. Telex 377106 

master charge 

www.americanradiohistory.com
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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 @ 0.750V. 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 Si 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 Mullard 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 
Developed in our laboratories from the highly successful 

"TEXAN" design. PC mounting potentiometers, 
switches, sockets and fuses are used for ease of 

assembly and to minimize wiring 

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- 042 FOR FURTHER DETAILS 
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TTLs by TEXAS 
7400 13p 7486 30p 
74H00 20p 7489 270p 
7401 14p 7490 40p 
7402 14p 7491 75p 
7403 16p 7492 45p 
7404 lep 7493 40p 
74H04 22p 7494 75p 
7405 16p 7495 65p 
7406 38p 7496 78p 
,407 36p 7497 270p 
7408 16p 74100 108p 
7409 20p 74107 30p 
7410 13p 74118 Up 
74H10 20p 74121 30p 
7411 22p 74122 46p 
7412 23p 74123 69p 
7413 32p 74126 70p 
7414 60p 74132 70p 
7416 33p 74136 75p 
7417 30p 74141 65p 
7420 14p 74145 70p 
7421 40p 74148 160p 
7422 18p 74150 125p 
7423 343 74151 72p 
7425 30p 74153 85p 
7427 37p 74154 150p 
7428 36p 74155 76p 
7430 14p 74156 76p 
7432 25p 74160 99p 
7437 25p 74161 99p 
7440 14p 74162 99p 
7441 65p 74163 99p 
7442 60p 74164 120p 
7447 75p 74166 126p 
7448 70p 74174 120p 
7450 15p 74175 85p 
7451 18p 74176 120p 
7453 16p 74177 100p 
7454 16p 74180 100p 
7460 15p 74181 298p 
7470 27p 74182 82p 
7472 25p 74185 135p 
7473 30p 74190 144p 
7474 30p 74191 144p 
7475 45p 74192 120p 
7476 30p 74193 120p 
7480 50p 74194 108p 
7481 959 74195 75p 
7482 70p 74196 100p 
7483 80p 74197 100p 
7484 95p 74198 198p 
7485 120p 74199 180p 

C-MOS I.C.s 
CD4000AE 19p 
CD4001AE 19p 
CD4002AE 19p 
CD4007AE 19p 
CD4009AE 67p 
CD4011AE 19p 
CD4012AE 19p 
CD4Q13AE 55p 
CD4016AE 50p 
CD4017AE 120p 
CD4018AE 175p 
CD4020AE 250p 
CD4022AE 170p 
CD4023AE 19p 
C04024AE 120p 
CD4025AE 19p 
CD4026AE 196p 
CD4027AE 75p 
CD4028AE 140p 
CD4029AE 175p 
CD4030AE 55p 
CD4042AE 137p 
CD4043AE 202p 
CD4046AE 140p 
CD4047AE 154p 
CD4049AE 63p 
CD4054AE 196p 
CD4055AE 196p 
CD4056AE 135p 
CD4060AE 229p 
CD4069AE 37p 
CD4071AE 27p 
CD4072AE 27p 
CD4081AE 19p 
CD4082AE 27p 
CD4510AE 130p 
CD4511AE 200p 
CD4518AE 100p 
CD4528AE 120p 

TEXAS 75 
SERIES 

75107 
75450 
75451 
75452 
75453 
75454 

160p 
120p 

72p 
72p 
72p 
72p 

MEMORIES 
2602B 1024 Sn RAM 
2513(UC) Character Generator 
2513(LC) Character Generator 

MULLARD MODULE 
'LP1186 Vance') FM Tuner 

£2.75 
£ 10.00 
E10.00 

£ 6.50 

LOW PROFILE DIL SOCKETS BY TEXAS 

8pinl3p, 14 pin 14p, 16pinl5p, 24 pin 50p. 
INSULATORS- Mica +2 Bushes for T03 & TO66 5p. 

VOLTAGE REGULATORS 

FIXED - Plastic 3 Terminals 

1 Amp Positive 
5V 7805 140p 

12V 7812 140p 
15V 7815 140p 
16V 7818 140p 
24V 7824 140a 

1 Amp Negative 
5V 7905 

12V 7912 
15V 7915 
18V 7918 
24V 7924 

LM309K 1 Amp 5V T03 

DUAL VOLTAGE REGULATOR 
1468 '- 15V 100mA 16 pm DIL 300p. 
(Adjustable by resistors from . 8V min. to T 20V 
max) 

VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pm DIL 45p 
Basic Data Sheets on Vol. Regs. at 1 Op each + SAE. 

200p 
200p 
200p 
200p 
200p 
140p 

Fully °rammed devices by Texas, RCA 
Motorola, National, Mullard, etc. 

OP. AMPS 
.1458 
301A 
3130 
3900 
5367 

709 
741 
747 
748 
776 

Dual Op Amp. Int. Comp 
Ext. Comp. 
COSMOS /Bi -Polar MoaFet 
Oued. Op. Amp. 
FET Op. Amp. 
W. Comp. 
Int. Comp. 
Dual 741 
Est Comp. 
Programmable Cp Amp 

8 on DIL 
8 pin DIL 
8 pin DIL 
14 on DIL 
TO -99 
8/14 pin DIL 

8/14 pm DIL 
14 pm DIL 
8/14 pin DIL 
T0 -5 

7op 
36p 

100p 
70p 

275p 
30p 
22p 
70p 
36p 

140p 

LINEAR I.C.s 
*CA3020A Daft Cascade Amp 105 
*CA3046 5 Transistor Array 14 pm DIL 
*CA3048 Quad Low Noise Amp 16 pm DIL 
*CÁ3053 DN. Cascade Amp 105 DIL 
*CA3089E FM IF System 16 pin DIL 
*CA3090AQ FM Stereo Multi Dec 16 pm DIL 
IC18038CC VCO Fun Gen. 14 pin DIL 

*tM380 2W Audio Amp 14 pm DIL 
*LM381 Stereo Preamp 14 pin DIL 
*M2S2 Rhythm Generator 16 pin DIL 
*MC1310P FM Stereo Dec. 14 pin DIL 
MC1495 Multiplier 16 pm DIL 

*MC1496L Bel. Mod /Demod 14 pin DIL 
. *MFC4000B 1 /4W Audio Amp PCB 

MFC6040 Electronic Anenualo, PCB 
NE555 Timer 8 pin DIL 
NE556 Dual 555 14 pm DIL 
NE561 PLL with AM Demod. 16 pn DIL 
NE562 PLL with VCO 16 pm DIL 
NE565 PLL 14 pm DIL 
NE566 PLL Fun Gen 8 po DIL 
NE567 PLL Tone Dec. 8 pm DIL 
2567 Dual 567 14 pm OIL 
SN72710 Doff Comperator 14 pin DIL 

*5572733 Video Amp. 14 pin OIL 
*SN7013N Pwr Aud Amp with int MS 
*SN76023N Pwr Aud Amp with int HS 
*TÁÁ6616 FM IF Amp Limner / Der OIL 
*TBA641 B Audm Amp 14 pm DIL 
*TBA800 5W Audio Amp OIL 
*TBA810 7W Audio Amp OIL 
*TBA820 2W Audio Amp OIL 
*TDA2020 20W Audio Amp OIL 

XR2240 Prog. Timer /Counter 16 pit DIL 
*ZN414 TRF Radio Recerver 10. 18 

Basic data sheets on above et 10p each +S.A.E. 

90p 
50p 

200p 
45p 

200p 
400p 
275p 

90p 
160p 
900p 
175p 
300p 
100p 

70p 
90p 
40p 

100p 
325p 
325p 
200p 
150p 
200p 
370p 

sop 
120p 
140p 
140p 
120p 
250p 

90p 
100p 

80p 
325p 
37op 
110p 

OPTO -ELECTRONICS 
Phototransistors 
OCP70 30p 
OCP71 120p 
2N5777 40p 

LEDS 
TIL209 Red 
TIL211 Green 
TIL32 Infrared 

14p 
30p 
75p 

Red 
Green 
Yellow 

LD.Rs. 
ORP12 
ORP60 
ORP61 

SEVEN SEGMENT DISPLAYS 
3015F Minitron 0.3 im 
DL704 Corn. Cathode 0.3 in 
DL707 Corn. Anode 0.3 in. 
DL747 Corn Anode 0.6 in. 

50p 
75p 
75p 

16p 
28p 
30p 

120p 
150p 
150p 
225p 

OPTO- ISOLATORS 
Phototransistor' TIL 112 IL 12) 6 pin OIL 140p 
Photodarlingtom ILCA -55 6 pin DIL 250p 

DRIVERS 
75491 Quad. Segment Driver 14 pin DIL 72p 
75492 Hex Digit Driver 14 pin DL 90p 

SCR -THYRISTORS 

1A 50V TO5 40p 
1A100V T05 42p 
1A400V TO5 45p 
1A600V T05 70p 
3Á100V Stud 49p 
3A400V Stud 75p 
7A100V T05 +HS Up 
7A400V TO5 +HS 90p 
8A 50V Plastic 130p 

12A400V Plastic 160p 
16A100V Plastic 160p 
16A400V Plastic 180p 
16A600V Plastic 220p 

Minimum Order E2 
P &P 20p 
Please add VAT to total 

BT106 
1A/ 700V Stud 140p 

C106D 
4A/400V 

*MCR101 
0.5A/15V 

2N3525 
5A /400V 

2N4444 
8A/600V Plastic 185p 

*2 N5060 
0.8A /30V TO -92 34p 

*2 N5062 
0.8A/100V TO -92 

*2 N5064 
0.8A /200V TO -92 40p 

Plastic 55p 

TO -92 25p 

TO -66 90p 

AC125 16p 
AC126 12p 
AC127 12p 
AC128 lip 
AC141 18p 
AC142 18p 
AC176 11p 
ACt87 13p 
AC188 12p 
AD149 43p 
AD161 36p 
AD162 36p 
AF114 18p 
AF115 18p 
AF116 18p 
AF117 18p 
AF139 33p 
AF239 38p 
BC107 9p 
BC108 9p 
8C109 10p 
BC109C 12p 

*BC117 22p 
.6C147 7p 
*BC148 7p 
*6C149C 8p 
*BC157 lip 
*BC158 10p 
*8c159 11p 
*8C169C 12p 

BC177 18p 
BC178 17p 
8C179 18p 

*eC182 10p 
*BC183 10p 
*8C184 11p 
BC187 30p 

*6C212 11p 
*BC213 10p 
*BC214 14p 
*BC337 20p 
BC478 30p 
BCY70 18p 
BCY71 22p 
BD123 100p 
80124 65p 
80131 36p 
BD132 40p 

.80135 43p 
*BD139 63p 
.BD140 70p 

8E115 22p 
8E167 23p 
0E170 23p 
8E173 25p 
8E177 26p 
BF178 28p 
BF179 33p 
8E180 33p 
6E181 33p 
13E182 33p 
8E184 22p 
6E185 22p 

BF194 10p 
*8E195 9p 
.6F196 14p 
.BF197 15p 
8E200 32p 
BF257 32p 
13E258 36p 

8F1339 30p 
*6FR40 30p 
*8FR79 30p 
*8FR80 30p 
*BFR88 30p 

BFX30 30p 
BFX84 26p 

TRANSISTORS 
BFX85 25p 
BFX86 2sp 
BFX87 20p 
BFXBB 24p 
BFY50 16p 
BFY51 15p 
8FY52 16p 
BRY39 34p 
BSX19 16p 
05X20 18p 

*BU105 140p 
1301013 250p 

*MJE340 45p 
MJ2955 70p 
MJE2955 99p 
MJE3055 65p 

*MPS6534 18p 
*MPSA06 30p 
*MPSA12 50p 
*MPSA56 32p 
*MPSU06 62p 
*F4PSU56 78p 

0C28 65p 
005 55p 
0C36 60p 

*OC41/2 15p 
*0145 15p 
*OC71 20p 
*TIP29A 40p 
*TIP30A 48p 

TIP31A 52p 
TIP32A 58p 
TIP33A 90p 
TIP34A 115p 
TIP35A 225p 
T1P36A 270p 
TIP41A 65p 
TIP42A 7op 
TIP2955 70p 

ZTX108 lop 
*ZTX300 13p 
*ZTX500 15p 
*ZTX502 18p 

25697 13p 
25698 30p 
25706 12p. 
25708 18p 
2N918 40p 
25930 18p 
251131 18p 
251132 18p 
251304 21p 
251305 21p 
2N1306 28p 
251307 28p 
251308 28p 
2N1309 28p 
251613 20p 
251711 20p 
251893 30p 
2N2219 20p 
252220 19p 
252221 20p 
252222 20p 
252369 14p 
252484 30p 
252904 20p 
2N2905 20p 
252906 2Op 

*2N292613 7p 
*2529268 7p 
*2529260 Bp 
*2529261 9p 
*2N2926G 9p 
253053 18p 
2N3054 45p 
253055 50p 

2N3439 
253442 

253702 
.253703 
*253704 
*253705 
*253706 
*253707 
*2N3708 
*253709 

253773 
253866 

*253903 
*253904 
*253905 
*253906 
*2N4058 
*254059 
*254060 
*254123 
*254124 
*254125 
*2N4126 
*2N4289 

254347 
254348 

*254401 
*254403 
*255009 
*255401 

40360 
40361 
40362 
40364 
40409 
40410 
40411 
40594 
40595 

FETs 
*8F244 
*MPF102 
aMPF 103 
*MPF104 
*MPF105 
*253819 
*253820 
253823 

i*255457 
*255458 
*2N5459 

67p 
140p 
llp 
1 1 p 
tip 
11p 
10p 
lip 

9p . 

9p 
220p 

90p 
18p 
16p 
1ep 
16p 
15p 
10p 
13p 
lap 
1 Op 
lap 
18p 
20p 

13Op 
16op 
27p 
27p 
27p 
50p 
4op 
38p 
40p TUNNEL 

120p AEY11 70p 
55p 
55p 

225p 
75p 
85p 

DIODES 
SIGNAL 
0447 7p 
0470 9p 
0481 8p 
0485 10p 
0A90 7p 
0491 7p 
0A95 7p 
0A200 Bp 
09202 10p 
15914 ap 
15916 9p 
154148 4p 

RECTIFIER 
*BY100 25p 

-*BY126 12p 
*BY127 12p 

154001 Sp 
154002 Sp 
154004 6p 
154005 6p 
154007 7p 

ZENER 
3 3V to 33V* 
*400mW 9p 
*1W 18p 

2sp 
30p 
30p 
30p 
30p 
22p 
57p 
SOp 
30p 
30p 
30p 

MOSFETs 
35128 85p 
35140 85p 
35141 85p 
35187 180p 
35202 12Op 

406073 sap TRIACS 
Amp Volts 

3 400 í20p 
6 400 150p 
6 500 18op 

27p 10 400 185p 
80p 10 500 195p 
Sap 15 400 210p 
Sop 15 500 250p 

40430 99p 
40486 99p 
40669 95p 

PUJT DIAC 
.256027 48p 09100 25p 

VARICAP 
*88105 25p 

NOISE 
*Z5J 110p 

BRIDGE 
RECTIFIERS 

*25A100V 20p 
1A 50V 20p 
1A 100V 22p 
*IA400V 25p 
*1A 600V 30p 
*2A 50V 30p 
*24 100V 35p 
*2A 400V 45p 
*44 100V 60p 

6A 50V 60p 
6A 100V 65p 

UJT. 
*TIS43 

252160 
252646 

*254871 

SEMICONDUCTOR KITS 

1) Time -Code Receiving Clock 

2) Teletext Decoder 

3) FM Tuner Designs 

Complete Semiconductor kits Inc. I.Cs, Trs, LED 
Displays, etc. for the above 'WW' Projects availableat 
specially reduced prices. Please send s.a.e. 

37P VAT RATES: All items at 8% EXCEPT where marked 
which are at 25%. 

Mail Order Only TECHNOMATIC LTD. 
Govt. . Colleges, etc., orders accepted. 54 SANDHURST ROAD, LONDON, NW9 

Tel 01.204 4333 

OPPORTUNITY SALE 
FIBREGLASS P.C.B. 10 x 11 cols containing the following arcunry Reg P S. with 
240V Transformer. 60kHz, Osc. (TX) R.F. (AX) Amplifier (R.C.A. I.C.), Schmitt Trigger. 
Zero Voltage Switch (R.C. A. I C ) and 2A 500V Tnac. 
POSSIBLE USES: Security Systems with Ultrasonic Transducers, Bridge Circuits for 
Temperature Control, etc . and Proximity Detection. etc. 
NOTE: These boards are complete and tested. 
HEAT SINK ASSEMBLY: 13A 7riac complete with Terminal Block and Fuse. 
PCB MOUNTING TRANSFORMER: 240V I/P 11V 50mA 0/P and Electrostatic 
Screen 

Further details are available 
Price incl. of UK delivery and VAT 

PCB 
Transformer 
Heat Sink Assembly 

1 -10 Off 11 -25 Off 

E12.30 
L1.02 
E5.24 

t11 45 
LO 92 
E4 45 

POWER SUPPLIES 
Send for details on Range of Eurocard -- 1 60 s 100 mm -- Power Supplies (EPS) and 
Laboratory Power Supplies (LABPOWER) 

AVANT ELECTRONICS LTD. 
HALESFIELD 22, TELFORD, SALOP 

TEL: 0952 586071 TELEX: 35458 

WW - 089 FOR FURTHER DETAILS 

FREE Brochure 
on New K ITS 

Whether professional. student, 
teacher or amateur. the field of 
electronics can open up a new 
world for you. Send 15p S.A.E. 9" 

x 12" for postage. 

CROFTON don't lust sell kits, we offer 
you a technical back up service to ensure 
your success 
The following is a selection of some of the 
more popular kits - * Mallard CCTV Camera * PE CCTV Camera * 'The 'Mistral' Digital Clock kit 1112 50 Intl 

* VAT 
i * P 

&P 50p Built 018.00 + P &P 50P 
L gnitn * Sound Operated Flesh * PW Tele Tenon Game * U H F Mochas** * Bench Power Supply * Wobbuiaior * All (Ti Top Prolecls * Marc, of the E lektor Promos 

NOTE PC Bs for ro st published projects avalahle to order 

CROFTON ELECTRONICS LTD 
Dept. D, 35 Grosvenor Road 
Twickenham, Middlesex 
01 -891 1923 
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BI -PRE -PAK 
Bargains in Semi- Conductors, components, modules & equipment. 

B1P 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 site free 
catalogue. Send 10p stamped large addressed 
envelope for your copy by return. 

IT'S ALL IN OUR FREE CATALOGUE 

Component Packs 
CP1 150 Capai i.-t bag of paper silo. I fats:, 

etc Appro. quantity counted by weight (post and 
packing) SOp 

CP2 200 Resistors. mixed bag of different types values wattages. 
etc Approx quantity courted by weight 60p 

CP3 40 Wirewound resistors mixed types values and wattages 
60p' 

CP4 12 Potentiometers pre -sets w wound carbon. etc Mixed 
types and values 60p 

CP5 5 Earphones. ongle low impedance for transistor radios. 
cassettes etc Less plugs. for suitable plugs see PAKS CP9 
and CP10 60p 

CP6 50 TO-5 mooning pads. fits between transistor and board for 
that pro finish 60p 

CP8 500 Cable clips for G P 0 'e" die cable Nylon with hardyned 
steel pin (probably tungsten) per sealed box of 500 BOp' 

CP9 5 3 5mm plugs. miniature lack, to fit earphones in PAK CP5 
60p' 

CP10 5 2.5mm sub miniature lack plugs, to lit earphones in PAK 

CP5 60P 
CP11 6 Screwdrivers. 1 x mains neon tester. 5 a grub screwdrivers 

60p' 
CP12 10 Reed relay inserts. 1" long VS" Ma These will operate from 

an external magnet or coil For magnets see PAK 

CP13 60p' 
CP13 10 Magnets of various es for operating reed switches on 

PAK CP12 Ideal for burglar alarms on doors and 
wIndows. etc 6Op' 

CPt 4 40 Potentiometers. presets. wirewounds. carbons. dual gangs, 
with and without switches. etc Mixed values and 
wattages £1.20 

CP15 12 Standard crocodile clips. screw tieing good quality 60p' 
CP16 5 PC boards each containing a 0F180 UHF amplifier 

transistor A good basis for building a T V aerial pre -amp 
as various parts Inc Bop 

CP1 7 25 Electrolytic Capacitors, various values and voltages. many 
useful types from T V to transistor radio arid HI -FI post 
and packing 23p) 60p 

CP18 1 Light activated SCR. 50 volts 1 6 amps type L9F Ready 

mounted on PC board with gate resistor and leads fitted. 
Full data and circuit diagrams for 14 projects Includes 
slave photo flash unit burglar alarm. etc 

CP19 3 Micro switches 1 pole change over, standard model 11/2" a 

60p' 
CP20 10 Relays. sorted types Ea -G P 0 and others mixed 

voltages 
as 

E1.20' 
CP21 200 Square inches of copper laminate P C board. in approa 8 

pieces 60p' 
CP22 3 Fibreglass pleat printed circuit boards. approa 2'/," a 14" 

60p' 
CP23 4 Switches miniature push to ...abc, single pole 60p 

YOUR SUPPLIERS FOR: 

Knobs E. Ii L) tin iAiii / linanN 1riai s 
thynsriiis Zener Diodes ,tilt n,uCh more in ii,ir cat alndue 

Semi - Conductors 
TESTED AND GUARANTEED PACKS 

TP4 3 SN7490 integrated circuits. 14 pin dual in line TTL type. 
Decade counter Get one FREE, these are 60p each in 

singles E1.2Op' 

ALL THE FOLLOWING ARE AT 60p EACH PACK 

TP9' 5 SN7400 integrated circuits. 14 pin dual in line TTL type 
Quad 2 -input NAND gate. Get one FREE. these are 15p 
each 

TP10 2 Light dependant resisitors. 400 ohms light, 1 megohm 
dark. 'A" dia. ' 

TP11 10 Transistors 58102 and X0112 equivalent to AC126. 
AC 156. 0031 '2. 0072 etc 

TP12' 4 BY127 Silicon rectifiers 1000 piv 1 amp Plastic I V 
rectifier 

TP13' 5 OCP71 Light sensitive transistors. 
TP14 20 0071 germanium PNP audio pre amp transistor. black 

glass type 
TP15 20 OC81 Germanium PNP audio output transistor. white glass 

type 
TP16 20 OC200; 1/2/3 transistors PNP silicon TO.5. unmarked 
TP1 7 20 1 watt tener diodes. mixed voltages 6 8 to 43 volts 
TP18 20 203707 /8/9710 transistors. NPN silicon plastic 

unmarked 
TP19 100 Diodes. mature of germanium. gold bonded. silicon etc a 

useful selection of many types. marked and unmarked 
TP20 10 Mullard OC45 transistors. I F amp PNP germanium 
TP23 20 BFY50/ 1/2. 2N696 '7 2N1613, etc NPN silicon 10 -5 

uncoded COMPLEMENTARY TO PAK TP24 
TP24 20 BFYG4,2N2904 / 5 etc. PNP silicon TO -5 uncoded 

COMPLEMENTARY to PAK TP23 
TP30 20 NPN silicon planar transistors. TO-18 similar to BC I08. 

etc, uncoded 
TP31 20 PNP silicon planar transistors. TO 18 similar to BC178. 

etc.. uncoded 
TP32 20 2N2926 silicon plastic transistors. uncoded and ungraded 

for colours 

UNTESTED PACKS - 60p each 
Specially for keen bargain hunters 
UT1 
UT2 
UT5 

UT6 
UT9 

UT10 

UT13 

50 POP germanium transistors. AF and RF Very good yield 
150 Germanium diodes miniature glass type 
40 Zener diodes. 250 mW OAZ240 range. average 50% 

good 
25 Zener diodes. 1.11/2 watt top hat type mixed voltages 
40 NPN silicon planar transistors, of the 2N3707.11 range. 

low noise amp 
15 Power transistors PNP geranium and NPN silicon. 

mostly TO.3 but some plastic and some marked 
15 Integrated circuits experimenters pak. dual in line TO -5. 

TTL DTL. marked and unmarked some definitely good 
but old types 

FOR FULL RANGES - SEE CATALOGUE 

Singles 
BRIDGE RECTIFIERS Plastic encapsulated 
P.I.V 50v 100v 
1 amp 25p' 35p' 
2 amp 35p' 45p' 
4 amp 45p 50p' 
6 amp SOp' 60p' 
ßy164 equiv SKB2 /02 400v 1 5 amp 45p'. 

FET. 
203919 
204416 
MOS F.E.T.. 
30141/MEM616 

400v 
45p' 
55p' 
ß0p' 

UNI-JUNCTION 
18p TRANSISTORS 
20p 202160 65p' 

2N2646 4ßp' 
50p TIS43 31p' 

Also Power Diodes, Thyrie- 
tor, Triac, Dre-2ener 
Diodes, Opto- Electronics, etc. 

PUT* 
2N26027 5Op 

LED. 
TIL209 -Red 16p' 
TIL2.11 --Green 33p' 

X -44 POCKEI SIZE R.F. 

CROSS HATCH GENERATOR 
mproved 

n 

of 
s 

fain Mk 2 

model. of which thousands are in reguLi- 
se Sue 150 a 75 a 50mm. strong plastic 

case with handle /stand. 4 push button 
operation 4 patterns Self-contained line 
and frame generator and synchro pulse 
Preset adjust for R F output and line /frame 
synch Uses 4 alkaline type 1600 baits 
Blank raster facility. FOR COLOUR AND 
MONO. (P /P add 35p) 

£25 iôrmit £27.50 guilt a 
lasted 

LOOK OUl' NEXT MONTH 
FOR THE NEW 
STERLING 
SOUND MODULES 

BIPRE -PAK LTD n Rp,l NOA7n719 

222 224 WEST ROAD,WESTCLIFF -ON -SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND(0702)46344. 

FIRSI IN U.K- WITH PACKS FOR ELECTRONICS USERS 

POWER TRANSISTORS 

Vice Wens loAmps Price 

40P1 15 20 3 30p' 
4002 40 ,40 4 3Op' 
40P2 40 40 4 30p' 
9001 15 45 4 25p' 
90P1 15 45 4 25p' 
9002 40 90 8 35p' 
90P2 40 90 8 35p' 

Many other types available from 3 to 115 watts 

INTEGRATED CIRCUITS 
MM5314 Dual in line clock chip 
LMS380/SL60745 Dual in line 2w audio amp with data etc 
Dual in line I C. sockets 8 pin 14p; 14 pin 15p'; t 6 pin 111p*. 

E3' 
75p 

Sundry 
SIGNAL GENERATOR 
For MW and IF Covers 550 KHz to 1 6 MHz for MW and 400 to 

550101: for IF Fully portable Invaluable in AM repair and alignment 
lobs (p /p 40p) E4.25 

POCKET SIGNAL INJECTOR 
Fountain -pen type. Invaluable for fault tracing in radio sets. amplifiers. 
TVs tape recorders. etc Takes one HP7 battery E2.00' 

ES- G.P.O. Sin SIDECUTTERS 
Not new but in perfect order per pair 50p' 

EX- G.P.O. 6" LONG NOSE PLIERS 
Not new but in perfect order. pet pair 60p' 

MAINS TRANSFORMERS 
MT6 6v06v t00mA 
MT12 12v 0 12v 50mA 
SST9 /1 9v lamp 
SST12/1 12v lamp 
SST18 /1 18v lamp 
SST25/2 25v tamp 
SST30 /2 30v tamp 
SST35 /4 35v 4amp 

(P ' P 50p any one) 

PC EDGE CONNECTORS 
Type 
SSEC 6 -way 1 Vs" 
SSEC 10 .. 

SSEC 12 2" 
SSEC 16 21/2" 
SSEC 18 3" 
SSEC 22 .. 31/2" 

Sizes Pitch 
156" 
156" 
156" 
156" 
156" 
156" 

E1.22' 
E1.22* fl .67' 
E2.05' 
E2.50' 
E3.00' 
E4.25' 
E5.50' 

sop 
sep 
75p 
85p 
1.00 

UHF TUNER UNITS 
a 

for use as TVbw 
famous 

cmanufacturer e i atá25 
lines Channels 2l- 65E2.6O 

BOOKS 
All free of VAT We carry very large stocks of technical 
books by Babani & 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 Spark Capacity Discharge Ignition Unit. developed out of 
our original ETI model (of which we have sold well over 9,000) enables 
you to enjoy this system at a truly economic price Facilitle5 include 
simple adaphon to pos or neg earth mediate switch back to 
conventional ignitron. anti -- burglar i mobolisation with all parts in 
totally enclosed strong metal case Very easy to fit and install With full 
nsuucriuns (P/P add 50p) 

KIT £7.95. READY -BUILT E10.50 

B -P -P SECURITY CHECK POINT 
Witte your own name and address 
dearly in block capital letters. 
Check that your order rs correct for 
descnptron. quantity and price 
Don't forget VAT et 2596 of total value 
of order unless otherwise stated 

MAKE SURE YOU GET OUR 
NAME AND ADDRESS RIGHT 
WHEN ORDERING. 
Cash (cheque. money or postal order) 
with your order, please 
Mention this journal when oeFerrng if 
you don't want to cut out the coupon 

TERMS OF BUSINESS: 
VAT at 25% 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 Si PACKING Add 30p for UK 

orders except where shown otherwise Minimum mail order acceptable - CI Overseas orders 
add El for postage And difference will be credited or charged PRICES Subject to alteration 
without notice AVAILABILITY All items available at time of going to press when every effort 
is made to ensure correctness of information r r r r r r r r r r r r 
To: BI- PRE -PAK, 220/222 WEST RD. 

I 
1 

I WESTCLIFF -ON -SEA, ESSEX SSO 9DF 

1 

1 

Please send 

for which I enclose inc. VAT 

NAME 

ADDRESS rrrrr Imo rrr Elm lem r 
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LYNX ELECTRONICS (LONDON) LTD. DIGITAL DISPLAYS & LED'S 
DL704 99p DL747 E1.75 2 RED LED ONLY 13p 
0(707 99p DL750 E1.75 GREEN CLEAR 15o 

AC126 0.15 BC301 0.32 Y206 0.15 1N4003 0.06' 
AC127 0.16 BC323 0.60 5207 0.20' 1N4004 0.07' 

THYRISTORS AC128 
AC128K 

0.13 
0.25 

8C327 
BC328 

0.18' 
0.16' 

YX36-300 
YX36-600 

0.12' 
0.16' 

1N4005 
1N4006 

08' 
0.09' 

AC141 0.18 BC337 0.17' YX36-900 0.18' 1N4007 0.10' BA 14 3A 6A 8A (0A 
AC141K 0.28 BC338 0.17' YX38.12000.21' 2N696 0.14 (T092) (705) (C106 type) 1T02201 002201 
AC142 0.18 BCY70 0.12 YX38-300 0.50 2N697 0.12 50 20 25 35 41 42 47 
AC142K 0.28 BCY71. 0.18 YX38-600 0.65 25706 0.10 100 25 25 40 47 48 54 
AC176 0.16 BCY72 0.12 YX38-900 0.60 2N929 0.14 200 27 35 45 58 60 68 
AC176K 0.25 80115 0.55 YX38-12000.65 2N930 0.14 400 30 40 50 67 88 98 
AC187 0.18 B131 0.36 BZX61 Senes 2N1131 0.15 600 65 70 1.09 1.19 1.26 
AC187K 0.25 80132 0.40 seers 0.20 2N1132 0.16 
AC188 0.18 80135 0.36 8ZX83 or BZX88 2N1304 0.20 

TRIACS (PLASTIC TO -220 PKGE. ISOLATED TAB) AC188K 
AD140 

0.25 
0.50 

BD136 
80137 

0.39 
0.40 

Series 
Zerlels 0.11 

2N1305 
251711 

0.20 
0.18 

AD142 0.50 80138 0.48 C106A 0.40 252102 0.44 4A 6.5A 8.5A 10A 15A 
AD143 0.46 BD139 C1068 0.45 2N2369 0.14 (a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 
AD149 0.45 80181 0.86 C106D 0.50 252369A 0.14 100V 0.60 0.60 0.70 0.70 0.78 0.78 0.83 0.83 1.01 1.01 
AD161 0.35 B0182 0.92 C106F 0.35 2N2484 0.18 200V 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 1.17 1.17 
AD162 0.35 60183 0.97 CRS1/05 0.25 '2N2646 0.50 400V 0.77 0.78 0.80 0.83 0.97 1.01 1.13 1.19 1.70 1.74 
AL102 0.95 80232 0.80' CRS1/10 0.26 252905 0.18 600V 0.96 0.99 0.87 1.01 1.21 1.26 1.42 1.50 2.11 2.17 
AL103 
AF114 

0.93 
0.20 

6D233 
BD237 

0.48' 
0.55' 

CRS1/20 
CRS1/40 

0.35 
0.40 

252905A 
252926R 

0.22 
0.10' N B. Triacs without internal trigger diac are priced under column (a) Thins with internal trigger 

AF115 0.20 BD238 0.60' CRS 1/60 0.65 2529260 0.09' due are priced under column Ib) When ordering please indicate clearly the type required. 

AF116 0.20 BD184 1.20 CRS3-05 0.34 2529267 0.09' 
AF117 0.20 BDY20 0.80 CRS3-10 0.45 252926G 0.10' 
AF118 0.50 BDY38 0.60 CRS3-20 0.50 253053 0.15 74 TTL mixed prices 
AF139 
AF239 
BC107 
BC1078 

0.33 
0.37 
0.14 
0.18 

130Y60 
80561 
BDY62 
8E178 

0.60 
0.65 
0.55 
0.28 

CRS3-40 
CRS3-60 
MJ480 
MJ481 

0.60 
0.85 
0.80 
1.05 

253054 
253055 
2N3440 
2N3442 

0.40 
0.50 
0.58 
1.20 

1-24 25-99 100+ 
7400 14p 12p 10p 
7401 14p 12p 10p 

1.24 25.99 100+ 1-24 25.99 100+ 
7445 85p 71p 57p 7493 45p 40p 32p 
7447 81p 75p 65p 7495 67p 55p 45p 

8C108 0.13 6E179 0.30 MJ490 0.90 2N3525 0.75 7402 14p 12p lOp 7448 75p 62p 50p 74100 E1.08 89p 72p 
8C109 0.14 8E194 0.10' 51,1491 1.15 253570 0.80 7403 15p 12Vap 10p 7447A 95p 83p 67p 74107 35p 28p 22p 
BC109C 0.18 5F195 0.10' MJE340 0.40' 253702 0.10' 7404 16p 13p llp 7470 30p 25p 20p 74121 34p 28p 23p 
BC117 0.19' 6F196 0.12' MJE371 0.60 2N3703 0.10' 7408 16p 13p llp 7472 25p 21p 17p 74122 47p 39p 31p 
BC125 
BC126 
BC141 
BC142 
BC143 

0.18' 
0.20' 
0.28 
0.23 
0.23 

8E197 
BF224J 
6F244 
8F257 
6F258 

0.12' 
0.18' 
0.17' 
0.30' 
0.35 

MJE520 
MJE521 
0A5 
0A90 
0491 

0.45 
0.55 
0.50' 
0.08 
0.08 

253704 
253705 
253706 
253707 
253714 

0.10' 
0.10' 
0.10' 
0.10' 
1.05 

7409 16p 13p 11p 
7410 16p 13p 11p 
7413 29p 24p 20p 
7417 27p 221/2p 20p 
7420 16p 13p lip 

7473 30p 25p 20p 74141 78p 63p 53p 
7474 32p 26p 21p 74145 68p 58p 48p 
7475 47p 39p 31p 74154 E1.62 E1.48 86p 
7476 32p 26p 21p 74174 E1.00 83p 67p 
7482 75p 62p 50p 74180 21.06 8Bp 71p BC144 0.30 8E337 0.32 0C41 0.15 253715 1.15 7427 27p 221/2p 18p 7485 E1.30 E1.09 87p 74181 E3.20 E2.50 E1.90 

BC147 0.09' BFW60 0.17' 0C42 0.15 2N3716 1.25 7430 l8p 13p llp 7486 32p 26p 21 74192 E1.35 E1.14 90p 
BC148 0.06' 8FX29 0.26 0C44 0.12 2N3771 1.60 7432 27p 221/2p 18p 7489 E2.92 E2.80 E2.10 74193 £1.35 E1.14 90p 
8C149 
8C152 

0.09' 
0.25' 

BFX30 
BFX84 

0.30 
0.23 

0045 
0070 

0.10 
0.10 

2N3772 
253773 

1.60 
2.10 

7437 27p 22 lisp 18p 
7441 75p 82p 50p 

7490 49p 40p 32p 74196 E1.64 E1.34 99p 
7491 65p 55p 45p 

BC153 
BC157 

0.18' 
0.09' 

BFX85 
BFX88 

0.25 
0.20 

0071 
0072 

0.10 
0.22 

293819 
253904 

0.28' 
0.16' 

7442 65p 55p 43p 7492 57p 46p 36p 

8C158 
8C159 
BC160 

06' 
0.09' 
0.32 

BFV50 
13FY51 
BFY52 

0.20 
0.18 
0.19 

0084 
SC40A 
SC408 

0.14 
0.73 
0.81 

253906 
254124 
254290 

0.16' 
0.14' 
0.12' LINEAR IC'S 

BC161 0.38 BFY64 0.35 SC400 0.98 254348 1.20 301A 8 pin OIL 35p' 3900 14 pin OIL 70p' 565 14 pin DIL £2.00' 
BC1688 0.08' BF590 0.65 SC4OF 0.66 254870 0.35 307 55p' 709 8/14 pin OIL 35p' 566 8 pin DIL E1.50' 
BC182 0.11' 136100 0.20 SC41A 0.66 2N4871 0.35 309K E1.60 741 8 pin DIL 28p' 567 8 pin OIL E2.00' 
8C1821. 0.11' BRY39 0.40 SC41B 0.70 2N4919 0.70' 380 14 pin DIL 9op 741 14 pin DIL CA3046 14 pin DIL 50p' 
6C183 0.10' BSX19 0.16 SC41D 0.85 254920 0.50' 381 14 pin OIL E1.60' 748 8 pin DIL 36p' CA3045 8Sp' 
BC183L 0.10' 88X20 0.18 SC41F 0.60 2N4922 0.58' 555 8 pin DIL 45p 
BC184 
BC184L 

0.11' 
0.11' 

68X21 
BSY95A 

0.20 
0.12 

ST2 
TIP29A 

0.20 
0.44 

2N4923 
255060 

0.84' 
0.20' 

BC2078 0.12' 81106 1.00 TIP30A 0.52 255061 0.25' 
BC212 
BC212L 

0.11' 
0.11' 

BT107 
87108 

1.80 
1.60 

TIP31A 
TIP32A 

0.64 
0.64 

255062 
2N5064 

0.27' 
0.30' 

eL213 
BC213L 

0.12' 
0.12' 

87109 
87116 

1.00 
1.00 

TIP34 
TIP41A 

1.05 
0.68 

2N5496 0.66 
HIGHAM MEED, CHESHAM, BUCKS. Tel. (02405) 75151 

BC214 0.14' BU105 1.80' TIP42A 0.72 
8C2141 0.14' 8U105/ 192069 0.14 
BC237 Q.16' 02 1.90' 1192070 0.16 VAT - Please add 8% except items marked which are 25 
BC238 
BC300 

0.16' 
0.34 

BU126 1.60' 1N4001 
1N4002 

0.04' 
0.05' 

Servodata Limited 
Advanced Technology 
in Servo Control Components 

DC Torque Motors and Tachometers 

* High performance, brush and brushless versions and 
complementary tachometers. 

* 840 Standard Models ranging from 15 oz -in to 120 
lb-ft. * Military, Industrial or Space Qualified models are 
already used by most European Nations. 

Servodata 
Is able to offer a technical design service utilising 
these devices in control systems as well as 
supplying amplifiers, solid state synchro /resolver 
to digital convertors, readouts and other servo 
control transducers. 

Servodata Limited 
Highclere,Newbury 
Berkshire RG15 9PU 
Telephone Highclere (STD 0635) 253579 
Telex: 847054 

WW-050 FOR FURTHER DETAILS 

THE RADIO SHOP 
16 CHERRY LANE 
BRISTOL BSI 3 NG (z:147° 

TELEPHONE 
0272 -421196 

OFFICIAL ORDERS WELCOMED GOVT. /EDUCATIONAL DEPTS.. ETC 

TRIACS 
1.6 AMP PLASTIC 
NAS0161W 100V .29 
NAS0161X 100V .28 
NASO162W 200V .30 
NASO162X 200V .29 
NASO164W 400V .40 
NAS0164X 400V .38 
NAS0166W 600V .50 
NAS0166X 600V .48 

8 AMP ISOLATED TAB 10 AMP ISOLATED TAB 
NAS0651W 100V .62 NAS1001W 100V .73 
NASO651X 100V .61 NAS1001X 100V .72 
NAS0652W 200V .66 NAS1002W 200V .78 
NAS0652X 200V .65 54010025 200V .76 
NAS0654W 400V .72 NAS1004W 400V 1.09 
NASO654X 400V .70 NASIO04X 400V 1.04 
NASO656W 600V .88 NAS1006W 600V 1.36 
NAS0656X 600V .78 NAS1006X 600V 1.34 

3.5 AMP CLIPPED TAB 8.5 AMP ISOLATED TAB 15 AMP ISOLATED TAB 
NAS0351W 100V .53 NAS0851W 100V .69 NAS1501W 100V 1.05 
NAS0351X 100V .52 NAS0851X 100V 68 NAS1501X (00V .95 
NAS0352W 200V .58 NAS0852W 200V .78 5401502W 200V 1.04 
NAS0352X 200V .56 5550852X 200V .76 NAS1502X 200V 1.02 
NAS0354W 400V .68 NAS0854W 400V .88 NAS1504W 400V 1.51 
NAS0354X 400V .67 NAS0854X 400V .85 NAS1504X 400V 1.48 
NAS0356W 600V .86 NAS0856W 600V 1.10 NAS1506W 600V 1.89 
NAS0356X 600V .84 NAS0856X 600V 1.06 NAS1506X 600V 1.84 

Devices with internal tugger have "W" settle. "X" denotes standard Trice. 

THYRISTORS 
1.6 AMP TO 5 4 AMP ISOLATED TAB 6 AMP ISOLATED TAB 
NASOO6P 50V 25 NAS106P 500 .26 NAS206P 50V .37 
NASOO6Q 100V .28 NAS1O6Q 1000 .30 NAS206Q 100V .42 
NA5006R 200V .31 NAS106R 200V .36 NAS206R 200V .60 
NAS006S 400V .40 NAS106S 400V .57 NAS206S 400V .77 
NAS006T 600V .52 NAS106T 600V .90 

8 AMP ISOLATED TAB 18 AMP TO 48 
NAS306P 50V .41 16A 50V .55 
NAS3060 100V .47 16A 100V .69 
NAS306R 200V .59 16A 200V .65 
NAS306S 400V 85 16A 400V .78 

16A 600V 1.08 

INTEGRATED CIRCUITS 
TAA550 1018 .54 TBA800 78 709 14 Oil .27 
744263 TO18 .62 T8A81045 1.08 741 8 Oil .36 
555 8 Oil .40 7N41n r1110 1 10 748 14 Oil .50 
556 8 DJ 1.05 723 14 DI .67 

CLOCK CHIPS 
CT7001 28 Pin 4 95 AY- 51224 16 Pin 3.75 
28 Pin Skt SO 16 Pit Ski. .16 
Data .15 Data ' .15 

707 LED 3" Common Anode Display .90 
704 LED 3" Common Cathode Display 1.00 
747 LED 6" Common Anode Display 1.65 

Please add 25% VAT. Remainder 8%. P&P 20p 
Prone in your Access or Barclaycard order Catalogue 20p. Callers welcome 
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Wireless Wortd, April 1976 

INTRODUCTORY PRICES 

In addition to National, Mostek and Caltex clock chips, we are now selling a 

range of General Instrument chips. 

Until 30th April '76 we are pleased to offer the following special prices. 

AY -5 -1202 + Futaba 5LT01. 
AY -5 -1202 interfaces directly with 5LT01 to provide the basis for a very 
simple electronic clack. The hours and minutes can be in 12 or 24 hour 
format and 50 or 60 Hz can be used as the timing source. 5LT01 is a green 
phosphor diode display. Special price £9.50. 

AY -5 -1230 + Futaba 5LT01 
This chip similar to 1202. It has an ON /OFF programmable alarm which 
can be used in 7 segment mode to drive the 5LT01 or in BCD format to 
drive logic or TV display chips. Special price £10.00. 

MK50253 + Futaba 5LT01 
12 or 24 hour. 6 digit alarm chip. Snooze facility. Special price ì 1 0 50 

COME AND SEE US AT SEMINEX MARCH 
22nd -26th. 
STAND 11. Imperial College SW7. 
Please send SAE for free ticket and new catalogue. 

MISTRAL CLOCK KIT 
Uses AY -5 -1202 + Futaba 5LT01. Complete kit including case. E11.58. 

CHEVIOT ALARM CLOCK 
24 Hour 4 digit alarm clock, 0.5" green display, tilt to snooze. Finished 
clock - not kit. £21.85. 

Terms: C.W.O. Access, Barclaycard (simply quote your number and sign) 
Credit facilities to Accredited account holders 

ALL PRICES EXCLUDE VAT AT 8% 

13 Y !f.i 
BYWOOD ELECTRONICS 

68 Ebberna Road 
Hemel Hempstead, HP3 9RDF 

Tel. 0442 62757 

CATALOGUE 8 
ISSUE No. 2 
NOW READY 

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 semi- conductors 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 Its an investment in practical 
money- saving and reliability, 

+E.V. PRICE STABILIZATION POLICY FOR 7976 
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 April 1st. 

NETT S% on orders from £ 5 

additional handling charge of 

to makers' specifications. No. 

+ E.V. DISCOUNT PLAN 
Applies to all items except the few where prices are shown 
to £14.99. 10% on orders value £1 5 or more 
+FREE POST & PACKING 
In UK for pre -paid mail orders over £2. If under there is an 
1 5p 

+QUALITY GUARANTEE 
All goods are sold on the understanding that they conform 
rejects. seconds or sub -standard merchandise. 

ELECTRO ALUS LTD 
All cornnl111111 ,i ons to Dept 4 

28 ST. JUGES ROAD. ENGI.EFIELD GREEN. EGHAM. SURREY TW20 ORB 
Telephone Egham 3603. Telex 264475. Shop hours. 9 -5 30 daily. 9-1 p m. Sats. 
NORTHERN BRANCH: 680 Burnage Lane. Bumage. Manchester M19 I NA 
Telephone 15611 432 4945. Shop hours Daily 95.30 p m., 9-1 p m Sats. 
In U.S.A. you are invited to contact EIECTROWALUE AMERICA. P.O. 337 Peterborough NH03458. 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYIST 

MONTHLY SPECIALS 
- Closeout Sale Special Purchase while They Last - 

CT 5001 12 Digit 4 Fund. .59 CT 5005 12 Digit Funct. w /Mom .79 

CT 5002 Bert Opar 5001 .6e CT 7001 4 or 6 Digit Alarm 3.50 

- Memories Are Made of These Specials - 
.99 5262 2048 . Bit Ram 

145 1702A 2048 Bit Prom. 
1.45 5203 2048 - Bit u /Violet Proms 
1.45 2102 1024 - Bit Statut Ram 

1101 256 Bit Ram Mm. 
1103 1024 Bit Ram Mos. 
5260 1024 Bit Ram 
5261 1024 Bit Ram L /power 

3.95 
9.96 
8.95 
2.75 

TTL 
7447 
7475 
7490 

.59 74123 .39 

.29 74145 .49 
35 

ICL 8038 Fumt. Gen Volt Contr 
Oscillator Sine Sq. 

9Digit LEO display Comm. 
Cathodes Comp w /8digit 
Clk Chips 12" Char 

1.95 

1.95 

TTL 7400 SERIES 
7400 £ 0.11 7440 E 0.11 7485 E 0.85 74155 L 0.69 

7401 0.11 7441 '.1.60 7486 0.24 74156 0.69 

7402 0.11 7442 0.55 7488 2.50 74157 0.69 

7403 0.11 7443 o.55 7489 1.50 74158 0.69 

7404 0.13 7444 o.60 7490 0.40 74160 0.89 

7405 0.13 
7406 0 22 

7445 0.75 
7446 0.85 

7491 0.55 
7492 0.43 

74162 
74163 

0.89 
0.89 

7407 0.22 7447 0.75 7493 0 43 74164 1.05 

7408 aid 7448 0.65 7494 0.49 74165 1.05 

7409 0.14 7450 0.12 7495 0.49 74166 1.05 

7410 all 
7411 0.16 

7451 0.13 
7453 0.13 

7496 0.55 
74100 0.89 

74170 
74175 

t 65 
o.90 

7413 0.26 7454 0.14 74107 0.27 74180 0.80 

7416 o.22 7460 011 74121 o.27 74181 2.50 

7417 0.22 
7420 011 

7470 024 
7472 021 

74122 o.37 
74123 049 

74182 
74192 

0.80 
0.90 

7426 0.23 7473 0.25 74145 0.57 74193 0 85 

7430 0.12 7474 0.25 74150 0.59 74194 0.85 

7432 0.22 7475 0.37 74151 059 74195 0.80 
7137 0.25 7476 0.26 74153 069 74198 1 70 

7438 025 7483 0.69 74154 1 05 74199 1.70 

HIGH SPEED 74H00 
741100 E016 74H20 £ 0.16 74H52 £ 0.16 74H71 E0.21 

74H01 0.16 74H21 0.16 74H53 0.16 74H72 0.26 

74H04 016 74H22 0 16 741454 0.21 74H74 0.28 

74H05 021 74H30 016 74H55 0 16 74H76 0 28 

74H08 016 74H40 0.16 741160 O.t6 
74H10 0.16 74H50 016 74H61 0 16 

74H11 0.16 74H51 0.21 741162 0 16 

CMOS 4000 SERIES 
4000A L 0.19 4014 E110 4028 E095 4071 E 0 23 

4001 0 19 4015 110 4030 050 4072 0.25 
4002 0 19 4016 055 4042 0.95 4073 0 25 

4006 0.90 4019 0.67 4043 1 20 4075 0 25 

4007 019 4020 1 15 4044 1 20 4078 0.25 

4008 1 30 4021 1 to 4049 0 48 4081 0.25 
4009 049 4023 019 4050 0 48 4082 029 
4010 049 4024 085 4066 0 75 4528 085 
4011 019 4025 019 4068 0 23 4585 I 25 

4013 0.39 4027 075 4069 0 23 

DTL 
L0. E01 962 930 E010 10 E 0.10 1936 

I944 946 O 10 0 I963 932 0 10 937 0.10 010 

LINEARS 
LM300 1099 £045 340U TO92 £ 1 25 739 A DIP E0.65 
301 V DIP 029 380 A DIP 80 741 V DIP 0.22 

302 T099 0 45 381 A DIP 1.05 747 A DIP 044 
304 TO100 0.50 546 V DIP 0.51 748 V DIP 0.27 

305 TO99 060 550 A DIP 0.55 5556 114561 V DIP 065 
307 V DIP 038 555 V DIP 045 5558 114581 V DIP 0.65 

TO99 045 556 8 DIP 0.75 ULN 2111 A DIP 095 
308 A DIP 0.59 560 B DIP 2.55 LM3900 A DIP 0.35 

TO99 0 79 561 e DIP 2 55 75450 voie 0.45 
309K TO3 I 45 562 B DIP 255 75451 V DIP 045 
310 T pkg 0.65 565 A DIP 1 25 75452 V DIP 045 
311 vDIP 0.90 566 V DIP 1 20 75453 V DIP 045 
320K TO 3 NEG 567 V DIP 1.25 75454 V DIP 0.45 

5.2.12.15 125 709 A DIP 0.22 75491 A pkg 065 
324 A DIP 1 07 710 A DIP 025 75492 A pkg 0.75 
339 A DIP 1.49 711 A DIP 0.30 ICL8038 Funet Gen 195 
340K TO3 2.10 723 A DIP 0.38 Volt Conn Oscillator, Sine. Sp 

12V 1 AMP 8864 22 Pin pkg. 1.45 

V - Mini Dip A = 14L Dip 6 ' 16L DIP T099 8.Pin Header TO100 10 Pin Header 

Data sheets supplied on request Add 20 ea. excepted as noted. 

MEMORIES w /DATA CALCULATORS it CLOCKS w /DATA 
5001 Cal Chip L 0.99 

1101 256 Bit Ram Mos E 1.79 5002 Cal Chip 1.19 
1103 1024 Bit Ram Mos 2.25 5005 Cal Chip 1 49 
7489 182251 64 Bit Ram TTL 150 5311 Clock Chip 295 
8223 Programmable ROM 2.50 5312 Clock Chip 2.95 
5260 1024 Bit Ram Low Power 1.95 5313 Clock Chip 2.95 

5314 Clock Chip 3.45 
5316 Clock Chip 295 

LEDS Oita only for any of above 0.50 

MV 5020 Jumbo Red or Clear E 0.15 Fee endable Ageing Purr,.se 

MAN I Red 75.9..270" 1.30 TRANSISTORS 
MAN 3A Red áp..127 .35 2N 22199 TO5 E 0.37 25 4124 TO92 0.10 
MAN 5 Green 7 Seg..270 1.75 2N 2222 T018 0.15 2N 4126 TO92 010 
MAN 6 .6 Solid Seg. 2.50 IN 2369 TO18 0.10 2N 4401 TO92 0.10 
9 Digit Array Fairchild 37 2N 2905A TO5 0 38 2N 5225 0092 0.10 

with clear magnifying lens 2.95 
2N 3227 1018 0.32 2N 5226 T092 0.10 

DISCOUNTS: 
10% on orders wer E 10 
15% on orders wee E 25 

MIN 
ORDER 

L 2.5 

All Items New Branded 
Guaranteed By DEMA ELECTRONICS 

PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. MASTERCHARGE, 
BANKAMERICARD, BARCLAY CARD ACCEPTED. 
(Card # and expiration date request,d). TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 
POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 
5.00 -9.99 add .35 

L 10 and over 
No Charge 

DEMA ELECTRONICS INTERNATIONAL 
P.O. Box 407 San Ramon, Ca. 94583 USA 

Cable DEMAELINTL 
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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 
Size 13ee. A.C. 2, 

speeds. TO P 
board 

3 speeds. 
Above motor board 3%in. 
'Below motor board 21/2in. 
with STEREO and MONO £10.95 Post 75p CARTRIDGE 

PORTABLE PLAYER CABINET 
Modern design. Rexine covered. 
Vynau front grille. Chrome finings 
Size 17 x 15 x 8in. 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" 
Sae 121/2 X 1444 X 7v in. £5.95 
Model B. Size 16 X 1344 X 7in. E6.50 post 75p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 13% x 10 x 334ín. Player unit 
dips to loudspeakers making it extremely compact. overall - 
size only 1344 x 10 x 81/2in., 3 watts per channel, plays all 
records 33 r.p.m., 45 r.p.m. Separate volume and tone 
Attractive controls £25 
Teak finish 240V a.c. 

- mains. E1 carriage 

FEW ONLY 

SPECIAL OFFER! 
SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0-60 MINUTES £2.50 Post 35p 
Single pole two-way. Surface mounting 
with fixing screws. Will replace existing 
wall swr ;ch 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 71/4in -45p. 

WEYRAD P50 - TRANSISTOR COILS 
RA2W Ferrite Aerial 85p Driver Trans. LFDT4 .. 85p 
I.F. P50 /2CC 470 kc /s 40p Printed Circuit, PCA1 65p 
3rd I.F. P50 /3CC 40p J.B. Tuning Gang .. £2.00 
P50 /1AC 60p OPTI 65p 

Ferrite Rod 8 e Yein 20p. 6 x 5 /16in . 2Op. 3 z %in 10p 

VOLUME 
CONTROLS 

5kfO to 2MO. LOG or LIN 
L/S 25p: D.P. 40p. STEREO 
L/S 55p. D P. 75p. Edge 5K 
S P Transistor Sop. 

80 Ohm Coax 8p yd. 
BRITISH AERIALITE 
AERAXIAL -AIR SPACED 
40 yd. £3. 60 yd. £4.50 
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. 8 ohm mpedance. 
10 watts. music power. £4.35 Post 35p 

E.M.1. 131/2 x 8in. 
SPEAKER SALE! 
With tweeter and 

Bass Woofer. 
1 5 watts. 

crossover 10 watt 
State 3 or 8 ohm. 

8 or 15 ohm 

As illustrated £6.60 £5.25 Post 35p Post 45p 

With flared tweeter cone and ceramic 
magnet. 10 watt. 
Bass res. 45 -60 c /s. 
Flux 10,000 gauss. 
8 ohm. 40 to 11,000 c/s Post 35p 

£3.45 
Bookshelf Cabinet £6.95 Teak finish 16 x 10 x 9in 

Por EMI 13 x 8 speakers. Post 75p 

THEE "INSTANT" BULK TAPE ERASER 
AND HEAD DEMAGNETISER. Suitable for 
cassettes. and all sizes of tape reels. A.0 
mains 200/250V. Leaflet S.A.E. £4.35 Will also demagnetise small 
tools Post 30p 

BLANK ALUMINIUM CHASSIS. b x 4 -'7Op; 8 e 6 -80p; 
10x 7- £1.15; 12 x 8- £1.35; 14 x 9- £1.50; 16x6- £1.45; 
16 x 10- £1.70, 
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 e 10 -75p. 

ELAC 9 x Sin HI -FI SPEAKER TYPE 
59RM 

This famous unit now available, 10 watts, 8 ohm 

£3.45 5p 

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 211 e 111 in. Please state voltage required. 

'RCS POWER PACK KIT £335 Post 

. 12 VOLT. 750mA. Complete with printed 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 11/4 x 11/4 x 

'Ain. Response 25 c/s to 25 kc /s. 26 dB gain 
For use with valve or transistor equipment. Post 

Full instructions supplied. Details S.A.E. £ 1.45 30p 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1,5V d.c. operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed Ideal displays, 
teaching electro magnetism or for 95 Post 
metronome, strobe, etc. 30p 

R.C.S. "MINOR" 10 watt AMPLIFIER KIT 
This kit is suitable for record players, guitars, tape playback, 
electronic instruments or small P.A. systems. Two versions 
available: Mono, £12.50; Stereo, £20. Post 45p. Specification 
10W per channel; input 100mV; size 91/2 x 3 x tin. approx. 
S.A.E. details. Full instructions supplied. AC mains powered. 

MAINS TRANSFORMERS 
ALL POST 

50p 

250- 0 -250V 7OmA, 6.5v, 2A ..... £3.45 
250 -0 -250 80mA, 6.3V 3.5A. 6.3V lA or 5V 2A . £4.60 
350-0-350 80mA, 6.3V 3.5A. 6.3V 1A or 5V 2A £5.80 
300- 0-300V 120mA, 6.3V 4A C.T.; 6.3V 2A .. £7.00 
MIDGET 220V 45mA, 6.3V 2A £1.40 
HEATED TRANS. 6.3V 1/2 amp E1; 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 £4.80. 
1 amp. 6. 8, 10, 12, 16, 18. 20, 24, 30, 36, 40, 48, 60 
£4.60. 2 amp. 6, 8. 10, 12, 16, 18. 20, 24, 30, 36, 40, 
48, 60 £7.00. 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 E7, 9V 1 

amp. £1, 12V 300mA, E1, 12V 500mA, £1, 12V 750mA, 
£1, 10V, 30V, 40V, 2 amp., £2.75, 20V, 3 amp., £2.46, 
40V, 2 amp., E2.96, 22- 0 -22V. 4 amp. d.c., £3.45, 16V, 
'h amp, £1, 16V, 2 amp., £2.20, 0, 5, 8, 10, 16V, 1/2 

amp., £1.95, 20V Y amp., £1.75, 20V, 1 amp., £2.20. 
AUTO TRANSFORMERS. 115V to 230V or 230V to 115V 
150W £5; 250W £6; 400W £7; 500W E8. 
FULL WAVE BRIDGE CHARGER RECTIFIERS' 
6 or 12V outputs, 1 y2 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. Specie 
Rubber cone surround. Frequency response, 

30-8000 c /s. 
Ideal HI -FI Enclosure Systems. £6.75 

NEW ELECTROLYTIC CONDENSERS 
2/3508 20p 250/258 20p 50 +50/3006 50p 
4/3506 20p 500 /256 25p 900/3506 95p 
8/3506 26p 100 +100 /2759 65p 32 +32/2506 20p 
16 /3508 35p 150 +200/2759 70p 32 +3214506 80p 

32/5006 Epp 8+8/3506 50p 350 +50 /3259 85p 

25/25V 15p 8 +16/3506 50p 100 +50 +50 /350V 85p 
50 /504 159 16 +16/3506 60p 32 +32 +32/3509 65p 
100/258 15p 32 +32/3506 60p 4761/5311 95p 

LOW VOLTAGE ELECTROLYTIC'S 
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 lop. 
2000mF 6V 25p; 25V 42p; 50V 57p. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 85p. 
5000mF 6V 25p; 12V 42p; 25V 75p; 35V 86p; 50V 95p. 

SHORT WAVE 100pF air spaced gangable tuner, 95p. 
TRIMMERS 10pF, 3opF, 50pF, 5p. 100pF, 150pF, 15p. 
CERAMIC, 1pF to 0.01mF, 5p. Silver Mica 2 to 5000pF, 5p. 
PAPER 350V -0. 1 7p; 0.5 13p; 1 mF 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 + 25pF, Slow motion drive 50p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V AC/DC. Amber or red, 30p 
RESISTORS. ' /4W, '72W, 1W, 20% 2p; 2W, 10p; 100 to 10M. 
HIGH STABILITY. 1/2W 2% 10 ohms to 6 meg., 12p. 
Ditto 5 9.0 Preferred values 10 ohms to 10 meg.. 5p. 
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 %2 amp 50p. 

RADIO COMPONENT SPECIALISTS 
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BAKER MAJOR 12" £11.50 
30- 14.500 c /s, 12ín double cone. 
woofer and tweeter cone together 
with a BAKER ceramic magnet 

fitae` - 

. 

e assembly having a flux density of 
14,000 gauss and a total flux of 

- 145.000 Maxwells. Bass resonance 
g, 40 c /s. Rated 25W. NOTE: 3 or 8 or 

15 ohms must be stated. 

Module k4 30-17,000 c/s with 
tweeter, crossover, baffle and 
Instructions. 

£14.50 Post 60p each 
Please state 3 or 8 or 15 ohms. 

BAKER "BIG- SOUND" SPEAKERS. Post 50p each 

'Group 25' 'Group 35' 'Group 
12in 12in 50/15' 
3Dor 8 

£8.95 3 ó 8 10.50 15m. 
£ 19.50 

8or15ohm 
NEW MODEL BAKER LOUDSPEAKER; 12 -inch 60 WATT 
GROUP 50/12, 8 OR 15 OHM HIGH POWEh.£14.50 
FULL RANGE PROFESSIONAL QUALITY. 
30-16,000 QPS MASSIVE CERAMIC MAGNET. Post 80p 
ALUMINIUM PRESENCE CENTRE DOME. 

TEAK VENEERED HI -FI SPEAKERS AND CABINETS 
For 12ín. or 10in. speaker 20x13x12m £12.50 Post 95p 
For 13x8in. or 8in, speaker 16x1 Ox7in £6.95 Post 75p 
For 8x5in. speaker 12x8x6in. E4.96 Post 50p 
LOUDSPEAKER CABINET WADDING 18in. wide 20p ft 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mixing_ master volume, treble and bass 
controls. Suits all speakers. This professional quality amplifier 
chassis is suitable for all groups, disco. P.A., where high quality 
power is required. 5 speaker outputs. A/C mains operated. Slave 
output. Produced by demand for a quality valve amplifier. 
Send for leaflet. Price £85 carr. E2.50 

SPEAKER COVERING MATERIALS.' Samples Large S.A.E. 
Horn Tweeters 2- 16kc /s, 10W 8 ohm or 15 ohm £3.60 
De Luxe Horn Tweeters 2- 18kc /s, 15W. 15 ohm, £4.50. 
CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3 -way 950 cps /3000 cps, £2.20. 
LOUDSPEAKERS P.M. 3 OHMS. 7x4in. £1.50; 611in., 
£1.80; 8x5in.. £1.90; 8in., E1.95. 
SPECIAL OFFER: 80 ohm. 2%in. , 2 %in., 35 ohm, 2M., 3M.. 
25 ohm. 21/2in. dia., 3M. dia., 5in. dia , B ohm. 21/2in., 3in., 
3% in., 15 ohm, 3 %in. dia, 6x4in., 7x4un., 8x5in. 
3 ohm., 21/2in., 2%m.. 3r/ in. 5in. dia. £1.25 mech. 
PHILIPS LOUDSPEAKER, 8in., 4 ohms. 4 watts, 
ceramic magnet £1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W £2.50. 10in. diameter 5W £2.95; 
12ín. diameter 6W £3.50. 3/.8/15 ohms, please state 
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50 1, 40p. 
',like trans- mu metal 100.1 £1.25. 

Loudspeaker Volume Control 15 ohms t 0W with one inch long 
threaded bush for wood panel mounting. ' /4in. 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. f 1.00 each 

NEW MODEL MAJOR -50 watt, 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 ohm. 

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 AMPLIFIER. Li-Transistor 
Push -Pull Ready Built, with volume. Treble £4.50 
and bass controls. 18 volt d c. Mains Power Pack £3.45 

COAXIAL PLUG 10p. 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 Steno. 
Phono Plugs 8p. Phono Socket Bp. 
JACK PLUGS Std. Chrome 30p; 3.5mm Chrome 15p. 
DIN SOCKETS Chassis 3 -pin 10p. 5-pin 10p. 
DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS 
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS, 10p. 

R.C.S. SOUND TO LIGHT KIT 
'Kit of parts to build a 3 channel sound to light unit. 
1,000 watts per channel. £12.50. Post 35p. 
'Easy to build. Full instructions supplied, cabinet E3. 
As featured in December Practical Wireless. 

E.M.I. TAPE MOTORS. 240V a.c. 1,200 
r.p. m. 4 pole 185mA, Spindle 0. 187x0.75in. 
Size 3% x 21/2 x 21/2m. £2. Post 40p 
120V Model, E1 

337 WHITEHORSE ROAD, CROYDON 
Open 9.6. Wed. 9 -1. Set. 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 -664 1665 
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Forallwhowantto 
know about 

electronic circuits 
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 

PWiliams J Carruthers J -1 Evans J Kinsler 

A WIIELESS WOFLD PUBLICATION 

A new bookirom Wheless World 
ORDER FORM 

To: General Sales Department, 
IPC Business Press Limited, 
Room I I , Dorset House, 
Stamford Street, London SEI 9LU. 

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 England and a subsidiary of Reed 

International Limited Registered No 677128 Regd. office 
Dorset House, Stamford Street. London SE I 9LU. 

Í 
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KINNIE COMPONENTS 
10, NELMES WAY, HORNCHURCH 
ESSEX RM11 20Z 
HORNCHURCH 45167 

CIRCUIT BOARD 
P.C.B. 1 / 16. 1 oa. COPPER 

FORMICA 
Dim. 8.4 x 7.7 in 3 pcs., 75p 
Dim. 9.4 x 8.1 in 3 pcs., 90p 
Dim. 10.1 x 7.9 in 3 pcs., £1.00 
Dim. 13.1 x 9.4 in 3 pcs., £1.20 
Dim. 17.0 x 9.0 in 2 pcs., £1.20 
Post & Packing 30p each pack. 

BARGAIN PACK 
10 pcs. 10.1 x 7.9 in. Plus free 1/21b etching 
Xtals £3.00 P.P. 55p. 

FIBRE GLASS P.C.B. 
Dim. 6 x 6 in. 35p each 
Dim. '12 x 6 in. 60p each 
Dim. 12 x 12 in. £1.00 each 
Equals less than 1p sq. in. 
Post & Packing 10p per sheet. 

RESIST COATED P.C.B. FORMICA 
10.1 x 7.9 in. 55p ea. 
13.1 x 9.4 in 70p ea. 

RESIST COATED P.C.B. FIBRE GLASS 
6 x 6 in. 50p ea. 
12 x 6 in. 90p ea. 
12 x 12 in. £1.50 ea. 
Post & Packing 10p per sheet. 

BLUE P.C.B. INK 
Etch resist use with any pen. Much cheaper 
than ready loaded pens. 
50c.c 55p. P.P. 10p. 

FERRIC CHLORIDE ETCHING XTALS 
1 lb - 1 litre pack, 60p P.P. 25p. 
5 lb - 5 litre pack, £1.95 P.P. 55p. 

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. 10p 
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. 2p per yard. 

RIBBON CABLE 
(8 colours); 10m. £1.65. P.P. 20p. 100m. 
8-core x 14/0.19mm. Bonded side by side 
£11.50 P.P. E1. 

P.T.F.E. CONNECTING WIRE 
1/20 Black or White 100 m. Drum £2.50 
P.P. 30p. 

H.D. ALARM BELLS 
bin. Dome. 6/8v, d.c. Heavy cast housing 
for exterior /interior use. £3.75 P.P. £1. 
Connecting wire (twin /twisted) 220yd. reel 
£3 P.P. 75p. 

MINIATURE METERS 
500 micro-amp (level stereo beacon, etc) 
scaled half back /half red. Size 1 x 1 in. 65p. 

. P.P. 15p 
PANEL METERS 2% in. x 1 Vs r' 
T1 50µA T8 500mA 
T2 100µA T9 lAmp 
T3 500µA T10 50v.a.c. 
T4 1 mA T11 300v.a.c 
T5 5OmA T12 50/0/50fIA 
T6 50 T13 100/0/ 00µA 
T7 1000mm Á T14 500 /0 /5002A 
All at £3.75. P.P. 15p. 

PANEL METERS 
41/2 ins. x 31/4 

D1 50µA 
D2 100µA 

D3 200µA 
D4 500µA 
All at £4.60. P.P. 1 5p. 

S.T.C. CRYSTAL FILTERS 
(10.7Mhz) 445 -LQU -901A (50 Khz 
spacing), £3. P.P. 20p. 
445-LQU-901B (25Khz spacing). £4. P.P. 
20p. 10.7Mhz Canned I.Fs. Size 1 x 1/2 x 1/2 

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. 

EDGE CONNECTORS. 54 WAY 
1 Vero size etc. Can be cut to any length, 

55p 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. 

QUADROPHONIC DECODER MODULE 
C.B.S. /S.Q. Type using I.C. MC 1312P. 
With slight modification direct substitute for 
P.E. "RONDO" Board. Complete with Data. 
£4.60 each. P.P. 25p. 
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. 
£2.30 P.P. 50p. 

OVERLOAD CUT OUTS 
Panel mounting 800 M/A 1.8 amp. 10 
amp. 55p ea. 

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. 

SIEMENS MINIATURE RELAYS 
6v.4 c/o 65p. 24v.2 c/o 50p. 

MINIATURE RELAYS 
(13/4 x 11/4 x' /z) 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. 1 5p. 

S.C.R. 
1 amp. 400 P.I.V. 35p. 
5 amp. 400 PTV. 40p 

MINIATURE "ELAPSED TIME" 
INDICATORS 
(0.5000 hours) 45 x 8mm 75p. P.P. 15p. 

BULKPONENTS OFFER 
Resistors /capacitors 600 new components 
£2.75. P.P. 36p. 
Trial order 100 pcs 75p. P.P. 20p. 

TELEPHONE DIALS 
(New) £1 P.P. 25p. 
EXTENSION TELEPHONES 
(Type 706). Various colours. 
£3.95 P.P. 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) 2'/4 x 1% x 1% 
£1.40. P.P. 15p. 
6 digit (Reset) 220v. a.c. £3.50. P.P. 25p. 

S-DECS AND T -DECS 
S -DEC £1.90 T -DEC £3.60 
U -DEC A £4.20 U -DEC B £6.90 
Post & Packing 25p. 

D.C. SUPPLY 
Input 240v. a.c. giving 17'/2v d.c. at 11/2 
amp (unsmoothed) 23/4 x 21/2 x 2% in. 
£2.25. P.P. 45p. 

ADVANCE TRANSFORMERS 
"VOLSTAT" 
Input 240v. a.c. C.V.50. 38v. at 1 amp; 
25v. at 100/m /a; 75v. at 200 m/a £3. 
P.P. 65p. 
C.V. 75.25v. at 21/2 amp. £3.25. P.P. 75p. 
C.V. 100.50v. at 2 amp; 50v. at 100 m/a 
£4. P.P. 75p. 
C.V. 250.25v. at 8 amp; 75v. at 1/2 amp. 
£6.50. P.P. £1.50. 
C.V. 500.45v. at 3 amp; 35v at 2 amp. £12. 
P.P. £1.75. 

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 £2.25. P.P. 
50p. 
L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 50v. at 10 amp. £10. P.P. £1 .50. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
at 1.5 amp. & 12v. at 1 amp. £2.25. P.P. 
50p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
1 amp. £1. P.P. 30p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 12v 
at 1 amp. 80p. P.P. 25p. 
L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 23/24/25v. at 10 amps £7. P.P. £1. 
L.T. TRANSFORMER. Prim. 110/240v. 

TRANSFORMERS 

Sec. 20/21 /22v. at 8 amp. £6. P.P. £1. 
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. 50p. 
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. 
L.T. TRANSFORMER ("C" CORE) 
200/240v. Secs. 1- 3- 9 -27v. All at 4 amp. 
£4. P.P. 50p. 
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. TRANSFORMERS ( "C" CORE) 
110/240v. Secs. 1 -3 -9v. 10 amp. 35v. 1 

amp; 50v. 750 M /A. £6.50. P.P. £1.50. 
MAIL ORDER ONLY. PERSONAL CALLERS BY APPOINTMENT 
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B 
C 

7A GLO 

ENT 
OR 

0B2 0.45 
OZ4 0.55 
143 0.65 
1A5GT 0.59 
IA7GT 0.60 
IB3GT 059 
1C2 1.15 
ID6 0.75 
IG6 1.17 
1H5GT 0.80 
IIA 0.25 
1LD5 0.70 
ILN5 0.70 
IN5GT 076 
IRS 0.50 
154 0.39 
155 0.40 
lT4 0.30 
104 0.70 
1U15 0.88 
2D21 0.M 
201(5 0.75 
2X2 0.70 
3A4 0.60 
307 0.53 
3D6 0.47 
3Q4 0.85 
3Q5GT 0.70 
3S4 0.47 
3V4 0.82 
4CB6 0.75 
5CG8 075 
5R4GY 0.94 
5T4 0.47 
5U4G 0.50 
5V4G 0.59 
5Y3GT 0.55 
5Z3 038 
5Z40 0.55 
5Z4GT 0.55 
6/30L2 0.80 
6480 1.46 
6AC7 0.60 
6AG5 0.35 
6AH6 0.80 
6435 0.76 
BAJ8 0.4 
6AK5 0.47 
6AK6 0.70 
6AK8 0.45 
6AL5 0.23 
6AM6 0.50 
6AM8A 0.70 
6AN8 0.82 
6AQ5 0.53 
BAQB 0.47 
6AR5 0.80 
6AR6 1.17 
6AS7 1.17 
6AT8 0.63 
6AU6 0.4 
6AV6 8.5.1 
6AW8A SN 
6AX4 SM 

LEY 
POR 

UCESTER 
ALL 

6B8G 0.35 
6846 1A1 
BRCB 0.N 
BBE6 UI 
6BG6G 1.77 

8BH6 0.75 
6BJ8 064 
68K7A 0á5 
6BQ5 036 
68Q7A 054 
6BR7 111 
6BR8 1.25 
6057 1.84 
68W6 1.M 
6BW7 B.M 
68X6 030 
6BY7 0.40 
8826 0.57 
6C4 0.47 
BC5G 0S9 
6C6 0.47 
OC9 2.M 
6C10 Ob0 
6C86A 547 
6C12 540 
6C17 234 
BCD6G 1.00 
6CG8A 0.88 
6CL6 0.76 
6C1EA 0.94 
6CM7 088 
6CU5 0.88 
BCW4 1.17 
8D3 0.75 
6DE7 S.88 
BDT6A 588 
8EW6 0.88 
6E5 1.17 
6F1 080 
6F6G 0.00 
6F12 030 
6E13 0.N 
6F14 088 
6F15 0.76 
6F18 0.84 
6F23 0.N 
6F24 I.M 
6F25 1.17 
6F26 040 
6F28 0.78 
6F32 0.70 
6GSG 0.M 
OGHBA 1.M 
60195 0.76 
6GU7 0.88 
6H6GT 0.29 
675GT 0.53 
656 0.35 
617G 0.35' 
6J7(M) 0M 
6JU8A QM 
61(70 0.35' 
6KOG 553; 
6L1 2.34 

ROAD, LI 
PRICES SH 

61.60C 0.M 
6L7SM) 0.50 
6L12 ä47f 
6LI8- 0.84 
6L19 2.00 
6LD12 0.45 
6LD20 088 
BN7GT 0.70 
6PL12 545 
6P15 0.36 
6Q7G 030 
6Q7GT 0.60 
6Q7(M) 0.841 
6R7G 0.70 
6R7(M) 0.88 
6SA7 055 
6SC7GT 050 
6.507 0.52 
65197 0.55 
6517 0.64 
6SK7GT 0.52 
6SQ7 0.50 

6U4GT 0.82 
6U7G 0.55 
6V6G 0.30 
6V6GT 0.53 
6X4 0.47 
6X5GT 0.50 
6Y60 094 
6Y70 1.17 
7A7 1.00 
786 8.80 
787 0.82 
7D6 200' 
7F8 1.76 
7117 088 
7R7 200 
7V7 1.76 
7Y4 5.80 
7Z4 0.00 
OD8 0.50 
9BW6 0.88 
907 0.70 
I0C2 0.78 
10Dí 0.82 
100E7 1188 
IOFI 0.88 
10F3 1.17 
1069 576, 
10E18 0.60 
10L14 053 
IOLDII 0.82 
10PL12 0.45 
IOP13 088 
10P14 2.34 
10618 0.49 
12A6 0.75 
12AC6 580 
12ÁD6 0.90 
124E6 0.90 
12A'18 547 
I2AT7 500 
12AÚ9 133 
12AU7 535 

ACOUSTIC 
ATION LTD. 
TTLEHAMPTON, SUSSEX. Tel 

OWN INCLUDE V.A.T. 
12AV6 055 3OP4MR 1,05 ARP3 030 
12AX7 530 30P12 0.80 ATP4 930 
12AY7 0.24 30P4 0.88 AZI 030 
121348 5.52 30P19 0.88 A231 0.80 
120E6 851 30P16 0.43 AZ41 030 
128H7 1.65 30P18 030 BL63 2.34 
120Y7 8á6 30PL1 1.00 CL33 1.86 

12E1 331, 30PL12 045 CV6 0.62 
12350T 039 30PL13 1.20 CV63 1.00 

1237GT 0.70 30PL14 1.25 CV988 0.29 
12K5 1.17 30PL15 0.90 CY1C 1.00 

12K7GT 0.50 35A3 076 CY31 0.70 
12K8 0.85 35C5 5.80 DI 056 
12Q7GT 0.50 35D5 5.00 D® 030 
12SA7GT 35L6GT 0.88 DAC32 0.88 

0.70 35W4 0.00 DAF91 0.40 

12SC7 0.50 35Z3 0.88 DAF96 0.00 

12507 0.55 35Z4GT 0.82 DC90 0,79 

126117 0.50 35Z5GT 0.90 DD4 030 
12537 0.60 42 LM DF33 070 
12.51(7 0.84 5005 1.00 DF91 0.30 

125N7GT 5005 0.70 DF96 005 
075 50CD6G 1.44 DH63 0.50 

12SQ7 0.76 50E355 0.88 DH78 0.50 
12SQ7GT 50L6GT 1.00 DH77 0.53 

0.76 72 070 DHeI 0.88 

12SR7 0.75 77 070 01(32 0.00 

14147 0.84 85A2 075 DK40 0.82 
1457 1.10 85A3 0.75 DK91 0.50 
18 1.17 90AG 293 131(92 1.15 

19AQ5 085 90CG 261 . DK96 0.70 
19006G 1.17 90CV 2.81 0192 0.47 
1906 7.00 90C1 088 01.94 032 
19H1 400 15082 1.01) DL96 064 

20131 0.80 215SG 050 DM70 0.00 
20D4 234 301 1.17 DM71 1.76 

20F2 0.88 302 1.17 DW4/350 
SOLI 1.29 303 1.17 1.17 
20P1 1.00 305 1.17 DY87/6 0.41 

2063 0.94 807 1.17 DY802 0.47 
20P4 1.17 956 0.M MCC 257 
20P5 1.50 1821 1.17 ENE 2.20 
25A6G 0.70 4033X 7.61 E83F 100 
251á0 0.70 5702 1.20 E88CC 1.20 

25Y5 0.80 5763 1.76 E92CC 0.70 
25Y5G 0.60 6057 1.00 E180CC 0.82 
25Z4G 050 6060 1.00 E180F 1.17 

25Z5 075 6067 LM E182CC 100 
25Z6G 0.80 7193 002 E280F 5.00 
28D7 230 7475 1.17 E1148 0.62 
30A5 0.78 9002 0.59 EA50 0.4 
30C1 0.47 9006 050 EA76 1.40 

30C15 0.80 A1834 1.17 EABC80 0.45 
30C17 0.85 A2134 3.Ñ EAC91 0.65 
30C18 0.85 A3042 0.00 EAF42 0.88 

30F5 075 AC2PEN 1.17 EAF801 0.80 
30FL1 1.10 AC2PENDD EB34 0.35 
30FL2 . 1.10 1.00 EB91 0.23 

30E112 1.05 AC6/PEN EBC41 038 
30FL13 0.64 0.40 ERC81 0.45 
30FL14 0.82 AC/PEN(7) EBC90 9.53 
30LI 0.4 1.17 EBC91 0.53 
30L15 082 AC/T1-111.00 EBFM 04 
30L17 0.76 AL60 1.17 EBF83 0.50 

. 6743 

EBF89 0.40 
EBL21 2.34 
EC52 1.00 

EC53 1.00 

EC54 1.00 
EC86 0.80 
ECM 0.80 
EC92 055 
ECC32 1.00 

ECC33 200 
ECC35 2.00 
ECC40 1.20 
ECC81 0.40 
ECC82 0.39 
ECC83 0.39 
ECC84 0.40 
ECC85 047 
ECC86 LOO 
ECCM 0.55 
ECC189 0.00 
ECC804 0.80 
ECC807 1.41, 
ECF80 050 
ECF82 050 
ECF86 0.88 
ECF809 2.83 
ECH21 2.34 
ECH35 1.00 
ECH42 0.80' 
ECH81 040 
ECH83 0.52 
ECH84 0.50 
ECLSO 0.50 
ECIá2 0.45 
ECL83 082 
ECL84 0.70 
ECIÁ5 0.70 
ECIÉ6 0.47 
EF22 1.M 

EF40 0.88 
EF41 0.82 
EF42 0.90 
EF73 1.76 
EFM 0.30 
EF83 1.45 
EF85 0.40 
EF86 0.50 
EF89 0.35 
EF91 0.50 
EF92 060 
EF93 0.41 
EF94 0.4 
EF97 0.94 
EF98 0.95 
EF183 0.40 
EF184 0.40 
EF804 1.75 
EH90 0.44 
0100 0.41 

022 0.001 
E134 1.00 

EL35 3.00; 
0.1.37 3.08 
EL41 0.90 

E1RI 0.70 PC88 0.70 
EIS3 0.70 PC95 0.70 
E134 0.38 PC97 042 
ELM 0.80 PC900 030 
E1.90 0.53 PCC84 040 
EL95 0.70 PCC85 0.50 
E1.300 IJN PCC88 0.45 
EL506 120 PCC69 OSO, 
9M80 OáJ PCCI99 0.60 
EM8I 078 PCC805 032 
E1483 0.44 PCC806 078 
EM84 0.47 PCF80 0.47 
EM85 1.20 PCF82 0.50 
EM87 1.10 PCF84 0.70 
EMM803250 PCF86 0.50 
EY51 050 PCF87 0.00 
EYBI 0.50 PCF200 I.00 
EY83 0.70 PCF201 1.05 

EY84 0.92 PCF800 0.82 
1EY87/6 040 PCF801 0.65 
EYM 0.60 PCF802 0.50 
EY91 0.50 PCF805 0.85 
EZ35 0.50 PCF806 0.00 
EZ40 0.55 PCF808 0.82' 
EZ41 0.55 PCH200 1.00 

EZ80 0.35 PC182 0.45 
E281 0.35 PCL83 050 
EZ90 0.47 PC134 0.60. 
FC4 1.00 PCL86 0.55 
FW4/500 017 PCI88 1.29 

FW4'800 1.17 PCI800 1.11 

GYS01-..0.82 PCL.805/ 
0130 0.55 PCL85 0.70 
0Z32 0.59 PEN4DD200 
GZ33 1.48 PEN25 1.00, 

GZ34 0.80 PEN45 1.00 

GZ37 1.20 PEN45DD 
HABC80 100 

0.80 PEN46 0.130 

HL13C 0.00 PEN453DD 
111.23 0.70 200 
HL23DD 0.80 PENA4 1.17 

19141 1.00 PENDD/ 
HIAIDID 4020 1.00 

1.00 PFI.200 0.82 
HI42DD PL33 0.50 

1.00 PL36 0.70 
HN309 1.78 P138 1.74 

HVR2 1.00 PLBI 0.53 
HVR2A 1.17 PIS1A 0.60 
KT2 0.88 PIA2 0.43 
KT8 2.93 P183 0.50 
KT41 1.17 P1.84 0.50 
KT44 1.17 P1302 0.88 
KT63 0.00 PI504/500 
KT66 2.0.1 032 
KT88 5.75 PL505 1.00 

KT01 2.10 PI508 1.10 

KTW61 1.78 PI509 1.M 
KTW62 1.76 PL801 0.80 

KTW63 1.17 PM84 0.76 
M8162 1.00 PY31 852 
MEI400 2.50 PY33/2 

PY80 0.47 5B4IA 1.0 
0.4 MHL PY81 D6 1.00. P41 MKT4 1.17 Y82 0. 

MU12/14 
1.17 

N308 1.00 
N339 1.29 
N379 0.51 
P61 060 
PABC80 0.45 
PC86 0.70 

109 

PY83 0.lr- U17 0 IN4952 0.81 AF180 O.ß; 0D11 0.28 0C45 0.14 

PY08 0.47 U18/20 1.17 '2N404 0$ AF186 0.71 GD12 0.26 0C46 0.20 
PY301 0.59 U19 446 214966 O.M AF239 OAP 1 GD14 0.84 OC65 1.45' 

PY500 1.11 U22 0.86 2N1756 0.64 A5Y27 536 GDI5 0.52 OC70 0.18 
PY500A 1.II. U25 0.70 2N2147 1.10 ASY28 0.42 GD16 0.26 0071 1,14 

PY800 0.45 U28 9.M 2N2297 0.29 ASY29 SM GET113 0.25 0072 0.14 

PY001 0.46 031 0.99 2N2-3694 0.18 BA102 SDI GE018 028 0074 019, 
PZ30 0.59 U33 1.75 2N2613 O.N 84115 1.16 GETII9 0.33 0075 0.14 

QP21 Ill .U35 1.75 2N3053 0.42 BAI16 - 523, GET573 0.4 0076 0.20 

QQV03/10 .U37 200 2N3121 3.22 BA129 0.10 GEF587 055 0077 0.35 

2.111 G45 1.17 2113703 0.25 BA130 0.13 GET872 1.23 0078 020 
Q5757201.00 U47 0.71 2N3709 816 0A153 020 GET873 0.20 0078D 0..20 

QS95/101.M U49 0.65 2N3866 12B BCYIO 0.59 GET882 0.64 0079 052 
QS150/15 U50 1.56 2N3988 0.64 BCY12 069 0E7E87 018 0081 1.14 

I.N U76 0.82 25323 0.64 BCY33 028 GE1889 0.29 00810 1.14 

QV03/121.71 U78 1.47 AA119 020 BCY34 029 GET890 025 00O2 0.14 

QV04/7 1.17 U81 0.80 AA120 0.20 BCY38 029 0E1896 0.21 0082D 0.14 

R IM/S88 U191 0.50' AAZ13 0.23 BCIM 0.18 0E7898 0.281 OC84 0.31 

R16 200 U192 0.40 ACI07 0.20 BC100 0.18 GEX13 0.23 0C123 0.28 

517 1.10 11193 0.45 AC113 0.33 BC113 033 GEX35 0.29 0C140 1.23 

R18 0.92 U251 8JM ACI14 0.52 BC115 020 GEX36 0.84 OCIM 0.29 

R19 0.75 U281 0.75 AC126 0.16, BC116 0.33 GEX45 0.42 0C172 0.48 

R20 0.65 U282 0.70 AC127 0.22 BC118 0.29 GEX55 0.97 0C200 0.59 

R52 1155 U291 0.50 AC128 0.28 BEIM 033 GT3 0.33 0C201 0.59 

RK34 1.00 U301 0.65 AC132 0.28 13F158 0.23 MI 0.20 0C202 0.55 

SP13C 0.74 U329 0.94 AC154 0.33 8F159 033 MATI00 0.50. 0C203 0.39 

TH4B 1.00 U339 9.50 AC156 018 BF163 0.28 MATIO1 0.551 OC 204 0.39 

TN233 1.01 U381 0.50 AC157 0.33 BF173 0.49 MATO() 0.58 0C205 0.56 

TP2620 1.00 U403 0.90 AC165 0.33, BFI80 0.39 OA9 0.18 0C206 1.17 

1P22 1.00 U404 0.75 AC166 0.33' BF181 0.52 0A10 0.55. 00812 052 
TP25 1.00 U801 0.80 AC167 0.77 8F185 0.52 0M7 0.13 ORP12 0.88 

UABC801.47 U4020 0.75 AC168 049 'BETS() 0.29 OA70 020 5F1237 0.50 

UAF42 175 VP13C OM ACIM 0.42 BFY51 0.25 OA73 0.20 SM1036 0.64 

UBC41 0.00 VP23 0.65 AC176 0.71 BFY52 0.28 0A79 0.12 ST1276 0.64. 

UBC81 0.00. VP41 031 AC177 0.36 BTX34/400 0A81 0.12 SX1/6 023 
UBF80 0.47 VR105 059 ACY17 037, ` 257 0A85 0.12 U147M 0.33 
UBF89 0.47 VT614 0.76 .ACY18 6.34 BY100 0.23 0A86 026 XZ30 0.33 

UBL2I 2.34 VU111 SM ACYI9 025 BY101 0.20 0A90 1.11 Y543 023 
UC92 0.00 VU120 1.17' ACY20 0.23 BY105 0.23 0A91 0.12 Y728 0.23 
I1CC84 0.90 VU120A 1.17 ACY21 0.25 BY114 0.23 0495 0.12 
UCC85 0.53 VU133 080 ACY22 0.20 BY126 0.20 0A200 0.12 
UCF80 0.90 W76 0.68 ACY28 0.23 9Y127 0.23 0A202 0.13 
UCH21 2.34 
UCH42 0.88' W107 1.7s AD149 QM' BYZIO 0.33 OA211 0.M ALL 
UCH81 0.47 W729 1.17 AD181 0.59 BYZ11 0.33 OC19 1.62 PRICES 
UCLS2 0.45 XE3 S.M. AD162 0.50' BYZ12 9.33 0C22 0.49 
UCLS3 0.64 XFY12 0.56 AF102 1.16. BYZ13 033 0c23 0.49 INCLUDE 
UF41 0.82 X1115 056 A1106 0.64 BYZ15 2.26 0C24 0.49 Y.A.T. UF42 052 X41 1.01 AF114 0.73 CG12E 0.26 0C25 0.49 
UF80 041 'X61 1.4 AFI15 0.20 cG64H 0.26 0C28 0.77 NOTHING 
UF85 9á2 X65 1.46 AF117 Q251 FSY11A 0.29 0C29 0.81 

UF89 0.47 X66 1.4 AF121 0.39; FSY41A 0.29 0C36 0.55 EXTRA 
UTAI 0.75 X76M 0.85 AF17A 033 GIN 0.42 0C38 0.55 TO 
UI.84 0.4 XSG15 1.17 AF125 0.22 GD5 036 0C41 0.64 
UM80 0.411 Z145 038 AF126 0.23 GD6 0.36 OC42 0.81 PAT 
URIC 1.91 Z152 0.30 AF139 034 GD8 0.28 13C43 
UU5 1.17 Z329 0.75 AF178 0.88 GD9 024'10C44 1.131 
UU9 0.55 Z719 0.30 
UU12 0.35 Z729 0.50 
UY4I 0.50 Z749 0.80 
UY42 0.60 Z759 5.85 
UY85 0.50 Transistors 
U10 1.17 and Diodes 
U12/14 1.17 IN1124A0.68 
U16 1.17 1N47444 0.18 

MATCHED TRANSISTOR SETS 
LP15 (AC113, AC154. AC157. AA 120), 68p per pack. 

1 /00810 and 2/ 0081. 55p. 
1 /0044 and 2/OC45, 55p. 
1 /00820 and 2/0082, 62p. Set of 3/00O3, 84p. 
1 Watt Zenners. 24v., 2.7v., 3v., 16v., 43v.. 4.7v.. 5.1v.. 
13v..15v.. 16v., 18v.. 20v., 24v., 30v., 23p each. 

All goods are unused and subject to the manufacturers' guarantee. Business hours Mon. -Fri. 9 -5.30 
p.m. Closed 1 -2 p.m. 
Terms of business. Cash or cheque with order. Despatch charges: - Orders below 810 in value. add 
25p for post and packing. Orders over 610 post and packing free of charge. All orders cleared same day. 
Any parcel insured against damage in transit for 5p extra per parcel. Conditions of sale available on 
request. Many others in stock loo numerous to list. Please enclose S.A.E. for reply to any enquiries. 

nmhard 
P.Cff11C5 

TRANSISTORS 

AC125 20 ASY26 30 
AC126 20 ASY27 34 
AC127 20 ASY28 30 
AC128 20 ASY29 34 
AC132 35 ASY67 70 
AC141 20 84145' 15 
AC142 17 84154 10 
AC151 24 BA155 12 
AC153 27 OAX12 10 
AC176 20 BAX13 4 
AC188 20 BA%16 6 

AD161 42 BC107 11 

AD162 42 BC107A 12 
AF114 24 BC108 10 
AF115 24 BC10813 11 
AF116 24 BC109 11 
AF117 24 BC109B 12 
AF118 47 BC109C 13 
AF124 30 BC115' 15 
AF125 30 BC116' 16 
AF126 28 BC117' 18 
AF139 34 BC118' 10 
AF186 50 BC119 28 
AF239 37 BC125' 14 

BC 32' 11 
BC135' 12 
BC136' 16 
BC137' 16 
8C138 15 
8C139 36 
BC142 22 
BC143 24 
BC147A' 9 
BC147B' 10 
BC148' 9 
8C1480 10 
BC149B' 11 

BC149C' 11 

BC153' 18 
BC154' 18 
8C1578' 12 
BC158A' 12 
BC159A' 2 
BC167A' 11 
8C1 68B' 14 
BC171A' 4 
BC172A' 15 
BC1738' 16 
BC177 17 

BC178B 18 
BC179B 19 
BC182B' 10 
8C182L' 11 
13C1 838' 10 
BC183L' 10 
BC184B' 12 
BC184L' 11 
BC186 25 
BC187 26 
eC204A' 16 
BC205A' 15 
BC206A' 16 
BC207A' 11 
BC208A' 11 
B C209B' 13 
BC212A' 13 
B C212L' 15 
BC213B' 12 
BC213L' 14 
BC214' 16 
BC214L' 17 
BC237A' 16 
BC238A' 15 
BC2395' 15 

p p p 
6C261A 16 BC559' 9 BF166 38 
6C2624 16 BCY70 15 BF167 21 
BC2664 18 BCY71 18 BF173 20 
8C2674 14 BCY72 14 8F178 24 
BC268B 13 8D115 60 BF179 25 
86269 13 0D121 90 11F180 30 
BC287 20 80123 90 8F181 30 
BC300 27 130124 68 6E183 34 
BC301 25 130131 36 BF184 25 
BC302 24 50132 38 8F185 28 
BC303 30 80133 65 6F194' 10 
BC304 27 813135' 37 8F195' 10 
0C307A' 15 130136' 39 BF196' 12 
0C3084' 14 80137' 44 13F197' 12 
5C3095' 15 BD138' 47 BF200 38 
BC317A' 12 BD139' 54 8F257 30 
8C3195' 12 513155' 75 BF258 50 
BC3228' 16 130165' 34 BF259 52 
BC327' 20 50232' 70 13F271 50 
BC328' 18 130Y20 80 6F336 28 
BC337' 113 BF115 22 8F337 30 
BC338' 15 6F154' 20 BF338 34 
8C461 35 8F158' 20 SF8810 68. 
BC557' 9 13E159' 25 BFW11 68 
BC558' 8 0F160' 20 8FX13 55 

SILICON 
RECTIFIERS 
50V 3A 13p 
100V 3A 15p 
200V 3A 1Sp 

THYRISTORS 
I 00 1A 30p 
200V IA 40p 
600V 1A 60p 
67106 120p 

RESISTORS 
1p' each 
K watt E I2 
range 

0.10mí) 

DIODES 
1814002 Bp 
1814006 lOp 
154148 Sp 

INTEGRATED 
CIRCUITS 

TILL 
DIGITAL 
7400 18p 
7401 79p 
7402 14p 
7403 18p 
7404 23p 

BRIDGE 
RECTIFIERS 
100V 14 24p 
WO 01 
200y 1A 25p 
WO 02 
400v1Á 26p 
WO 04 

OIL 
SOCKETS 

8 pin 13p 
14 pin 15p 
16 pm 17p 

INTEGRATED 
CIRCUITS 
LINEAR 
709 (8 pin Da) 40p 

741 (8 pm D11) 43p 

NE555 80p 

IENERS 14O0mwl 
87X83/ 82Y88 
3V3 3V6 3V9 
4V3. 4V7 501, 
506. 6V2 6V5 
705. 8V2 901 
10V 12V. 13V. 
15V. 18V. 30v 

All at 12p' each 

VOLTAGE 
REGULATORS 
(103) 

5V IA 
12V 14 
15V 14 

175p 
175p 
175p 

LED 
1258 Red 20p 
1254 Amber 27p 
125Y Yellow 27p 
TIL299 And 25p 

VAT - Items marked ' add 25%. Rest at 8% 
S A E for full list of components Same day despatch to Mail Order Customers 

Min Order El P&P 25p Callers Mon Sat Ind 

Flint House, High Street, Wallingford, Oxon, 0X10 ODE 

Tel. Wallingford (0491)35529. Telex: 4SPWALFRD 849349 
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I SLIDER PAK I 

CROSSOVER NETWORK I 

CERAMIC PAKS 
I 

110 

B / -P.4 
COMPONENTS 

CARBON RESISTOR PAKS 
These Pales contain a range of Carbon 
Resistors, assorted into the following 
grOP %- 
R.1 50 Mixed 100 ohms - 

820 ohms '/.th W 0.60 
R2. 50 Mixed 1K ohms - 

8.2K ohms 14th W 0.60 
R3. 50 Mixed 10K ohms - 

82K ohms !4th W 0.60 
R4. 50 Mixed 100K ohms - 

820K ohms S4th W 0.60 
R5. 30 Mixed 100 ohms - 

820 ohms %W 0.60 
R& 30 Mixed IK ohms - 

8.2K ohms 'h W 0.60 
R7. 30 Mixed 10K ohms - 

82K ohms h W 0.60 
R8. 30 Mixed 100K ohms - 

820K ohms % W 0.60 

These are unbeatable prices. 

LOW COST CAPACITORS 
500 aF 50V Elect 0.09 each 
01 A.F 400V 0A3 each 

REPANCO CHOKES 1 COILS 
RF Chokes CHI 2.5mH 0.27 

CH3 7.5mH 0.29 
CH5 1.5mH 0.20 
CH2 5.0mH 0.28 
CH4 10mH 0.31 

COILS DRXI Crystal set 0.29 
DRR2 Dual range 0.42 

CARSON POTENTIOMETERS 
Log and Lin 4.7K, 10K, 22K, 47K, LOOK, 
220K,470K,IM,2M. 
VC I Single Less Switch 0.20 
VC 2 Single D.P. Switch 0.40 
VC 3 Tandem Less Switch 0.60 
VC 4 1K Lin Less Switch 0.20 
VC 5 100K Log anti -Log 0.60 

HORIZONTAL CARBON PRESETS 
0.1 Watt 0.09 each 
100, 220, 470, 1K, 22K, 4.7K, 10K, 22K, 
47K, 100K, 220K, 470K, IM, 2M, 4.7M. 

. REPANCO TRANSFORMERS * 
240V. Primary. Secondary voltages 
available from selected tappings 4V, 7V, 
8V, 10V, 40V, 50V and 25V- 0 -25V. 
Type Amps Price P &P 
MT50 /% 'h £1.79 0.45 
MTp0 /1 1 12.24 0.48 
MT50 /2 2 13.06 0.60 

COIL FORMERS 9r CORES 
NORMAN '4" Cores & Formers O.O7p 
44" Cores & Formers 0.09p 

SWITCHES 
DP /DT Toggle 028p 
SP /ST Toggle 022p 

FUSES 

20mm, 100mA, 200mA, 250mA, 500mA, 
IA, 1.5A, 2A QUICK BLOW 

0.05p each 
Anti-surge 20mm only 0.8p each 

VEROBOARDS* 
VB I 
containing approx. 50sq. ins. various 
sizes all 0.1 matrix 0.60p 
VB 2 
containing approx. 50 sq. ins. various 
sizes all 0.15 matrix *0.60p 

DECON -DALO 33PC Marker* 
Etch resistant printed circuit marker 
pen. Full instructions supplied with 
each pen 0.92p 

BATTERY HOLDERS* 
Takes 6 H.P. 7's complete with terminal 
clip and lead 0.31p each 

V.A.T. 
ALL PRICES 

EXCLUDE V.A.T. 

Please add 8% to all prices 
marked 8. Remainder add 
25%. Do NOT add V.A.T. to 
prices marked f. 

INSTRUMENT CASES I 

(In 2 sections, Black Vinyl covered top 
and sides and bezel)) 
No. Length Ñ+1d Height Price 
BV1 8" x 51/4" x 2" *£t25 
BV2 11" x 6" x 3" El.62 
BV3 6" x 4.4' x 11/2" 10.92 
BV4 9" x 5'4" x 21" *£1.39 

I ALUMINIUM BOXES- 
No. Length Width Height Prlee 
BA 1 51/4" x 21/4" x 11/2" 0.45 
BA2 4" x 4" x 155" *O.45 
BA3 4" x 21/4" x 1W' *0.45 
BA4 5'4" x 4" x 11/2" 0.54 
BA5 4" x 21/2" x 2" 0.45 
BA6 3" x 2" x 1" *0.39 
BA7 7" x 5" x 25" 0.79 
BA8 8" x 6" x 3" 11.02 
BA9 6" x 4" x 2" *0.65 
(Each complete with 'h" deep lids & 
screws) 
PLEASE ADD 20p POSTAGE AND 
PACKING FOR EACH BOX 

COMPONENT PAKS 
Pak Qty Description 
No. 
CI 

Price 

200 Resistors mixed values 
approx. count by weight .60 

C2 150 Capacitors mixed values 
approx. count by weight .60 

C3 50 Precision Resistors mixed 
values .60 

C4 75 hth W Resistors mixed 
preferred values .60 

C5 5 Pieces assorted Ferrite Rods.60 
C6 2 Tuning Gangs. MW /LW 

VHF .60 
C7 1 Pak Wire 50 metres 

assorted colours .60 
C8 10 Reed Switches .60 
C9 3 Micro Switches +.60 
CIO 15 Assorted Pots & Pre -Sets .60 
CIl 5 Jack Sockets 3 x 3.5m. 2 

x standard Switch Type .60 
C12 30 Paper Condensers pre- 

ferred types mixed values .60 
C13 20 Electrolytics Trans. types .60 
C14 I Pack assorted Hardware- 

Nuts /Bolts,G rommets. etc °460 
C15 5 Mains Slide Switches, 

2 Amp .60 
C16 20 Assorted Tag Strips Panels .60 
C17 10 Assorted Control Knobs .60 
CIS 4 Rotary Wave Change 

Switches .60 
C19 2 Relays 6-24V Operating .60 
C20 Sheets Copper Laminate. 

approx. 200 sq. ins. .60 
Please add 20p post and packing on all 
component packs, plus a further lop on 
pack nos. Cl, C2, C19 & C20. 

AVDEL BOND 

SOLVE THOSE STICKY 
PROBLEMS! 
with 

CYANOACRYLATE G2 ADHESIVE 
The wonder bond which works in 
seconds. Bonds plastic. rubber, transis- 
tors, components. permanently, imme- 
diately' 

OUR PRICE ONLY 70p * 
for 2 gm phial 

CABLES ' . Per Metre 
CP 1 Single lapped screen *0.08 
CP 2 Twin Common Screen '0.11 
CP 3 Stereo Screened 0.12 
CP 4 Four Core Common 

Screen *0.21 
CP 5 Four Core individually 

screened *0.28 
CP 6 Microphone Fully 

Braided Cable *0.11 
CP 7 Three Core Mains Cable *ILI I 
CP 8 Twin Oval Mains Cable '0.08 
CP_ 9 Speaker Cable *0.06 
CP 10 Low Loss Co-Axial ' *0.14 

Postage and Packing add 25p 
unless otherwise shown. Add extra 
for airmail. Minimum order £1.00 
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SEMICONDUCTORS 
I AUDIO LEADS 

rANTEX EQUIPMENT 
SOLDERING IRONS 
x25. 25 watt e2.45 
Model G. 18 watt '12.70 
CCN 240. 15 watt E2.90 
SK2.Soklering Kit 13.90 
BITS AND ELEMENTS. 
Bit No. 

102 for model CN240 
104 for model CN240 

1100 for model CCN240 
1101 for model CCN240 
1102 for model CCN240 
1020 for model 0240 
1021 for model 0240 
1022 for model G240 

50 for model X25 
51 for model X25 
52 for model X25 

3/32" 
3/16" 
3/32" 
3/8" 

'/( 
3/32" 

1/8" 
3/16" 
3/32" 

1/8" 
3/16" 

*42p 
42p 

*42p 
42p 
*42p 
*4Pp 
*4Yp 

42p 
44p 

440 
44P 

ELEMENTS 
Model ECN 
Model EG 240 
Model ECCN 240 
Model EX 25 

ELIO* 
£1.35* 
£1.55* 
11.20* 

SOLDERING IRON STAND 
ST3 Suitable for all models 
Antes heat shunt 

11.10 
* 10p 

PLUGS 
PS 1 D.I.N. 2 Pin (Speaker) 
PS 2 D.I.N. 3 Pin 
PS 3 D.I.N. 4 Pin 
PS 4 D.I.N. 5 Pin 180° 
PS 5 D.I.N. 5 Pin 240° 
PS 6 D.I.N. 6 Pin 
PS 7 D.I.N. 7 Pin 
PS 8 Jack 2.5mm Screened 
PS 9 Jack 3.5mm Plastic 
PS 10 Jack 3.5mm Screened 
PS 11 Jack' /." Plastic 
PS 12 Jack 1/4" Screened 
PS 13 Jack Stereo Screened 
PS 14 Phono 
PS 15 Car Aerial 
PS 16 Co -Axial 

PRICE 
0.10 
0.11 
0.14 
0.15 
0.15 
0.16 
0.17 
0.17 
0.11 
0.17 
0.14 
0.20 
0.33 
0.09 
0.14 
0.14 

INLINE SOCKETS 
PS 21 D.I.N. 2 Pin (Speaker) 
PS 22 D.I.N. 3 Pin 
PS 23 D.I.N. S Pin 180° 
PS 24 D.I.N. 5 Pin 240° 
PS 25 Jack 2.5mm Plastic 
PS 26 Jack 3.5mm Plastic 
PS 27 Jack 14" Plastic 
PS 28 Jack 1" Screened 
PS 29 Jack Stereo Plastic 
PS 30 Jack Stereo Screened 
PS 31 Phono Screened 
PS 32 Car Aerial 
PS 33 Co -Axial 

0.13 
0.19 
0.19 
0.19 
0.15 
0.15 
0.28 
0.32 
0.28 
0.35 
0.17 
0.20 
0.20 

SOCKETS 
PS 35 D.I.N. 2 Pin (Speaker) 
PS 36 D.I.N. 3 Pin 
PS 37 D.I.N. 5 Pin 180° 
PS 38 D.I.N. 5 Pin 240° 
PS 39 Jack 2.5mm Switched 
PS 40 Jack 3.5mm Switched 
PS 41 Jack 1/4" Switched 
PS 42 Jack Stereo Switched 
PS 43 Phono Single 
PS 44 Phono Double 
PS 46 Co -Axial Surface 
PS 47 Co -Axial Flush 

0.07 
0.09 
0.09 
0.10 
0.11 
0.11 
0.19 
0.28 
0.07 
0.09 
0.09 
0.19 

P.C.B. KITS & PENS 
PROFESSIONAL D.I.Y. PRINTED 
CIRCUIT KIT 
Containing 6 sheets of 6" x 4" single 
sided laminate. a generous supply of 
etchant powder, etching dish, etchant 
measure, tweezers, etch resistant 
marking pen, high quality pump drill 
with spares, cutting knife with spare 
blades, 6" metal ruler, plus full easy to 
follow instructions. 

£7.80 per kit 
Spare container of etchant for above, 
complete with instructions *70p 

P.C.B. MARKING PENS 
2 x quality market pens. specifically 
designed for drawing fine etchant 
resistant circuits on copper laminate. 
Complete with full instructions *£1.53 
per pair 

I LOW -NOISE CASSETTES 
COO 

C90 
C120 

*33p 
544p 
56p 

Containing a range of slider pots. 
SPI 6 mixed values sliders 0.60 
SP2 6 47OR Lin. sliders 0 60 
SP3 6 10K Lin. slider 0.60 
SP4 6 22K Lin. sliders ....... 0.60 
SP5 6 47K Log. sliders 0.60 
SP6 6 47K Lin. sliders 0.60 
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5221 5 pin DIN plug to 4 phono plugs 
length 1.5m £1.08 

S222 5pin DIN plug to 5 pin DIN socket 
length 1.5m .68p 

S237 5 pin DIN plug to 5 pin DIN plug 
mirror image length 13m £1.20 

S238 2 pin DIN plug to 2 pin DIN socket 
length 5m .68p 

s268 5 pin DIN plug to 3 pin DIN plug I 

& 4 and 3 & 5 length 13m £1.00 
S270 2 pin DIN plug to 2 pin DIN socket 

length 10m .80p 
5271 5 pin DIN plug to 2 phone plugs 

connected to pins 3 & 5 length 
1.5m 7 

5275 5 pin DIN plug to 2 phono sockets 
connected to pins 3 & 5 length 
23cm .68p 

S318 5 pin DIN socket to 2 phono plugs 
connected to pin 3 & 5 length 
23cm 68 

S404 Coiled stereo headphones exten- 
sion cord extends to 7m £1.40 

5217 3 pin DIN plug to 3 pin DIN plug 
length 1.5m .80p 

5219 5 pin DIN plug to 5 pin DIN plug 
length 1.5m .80p 

5474 3.5mm Jack to 3.5mm Jack length 
15m .68p 

S600 5 pin DIN plug to 3.5mm Jack 
connected to pins 3 & 5 length 
1.5m BOP 

S700 5 pin DIN plug to 3.5 jack 
connected to pins I & 4 length 
1.5m .80p 

K4007 1/13 Impedance 8 ohms. 
(2 -way) Insertion Loss 3dB. 

Crossover Frequency 3 KHz. 
PRICE £1.12 

3-WAY- STEREO 
H /PHONE JUNCT BOX 

H 1012 Enables change -over from 
loudspeaker to headphone listening. 
Also has a centre position for both 
outputs. PRICE £1.73 

I HANDBOOKS 
TRANSISTOR DATA BOOK. DTE 2 
227 Pages packed with information on 
European Transistors. Full specifica- 
tion including outlines. 

Price f £2.95 each 
TRANSISTOR EQUIVALENT BOOK 
BPE 75 256 Pages of cross references 
and equivalents for European, Ameri- 
can and Japanese Transistors. This is 
the most comprehensive equivalents 
book on the market today and has an 
introduction in 13 languages. 

Price t 12.68 each 
DIODE EQUIVALENT BOOK DE 74 
144 Pages of cross references and 

equivalents for European, American 
and Japanese Diodes, Zeners, Thyris- 
tors, Triacs, Diacs and LED's. 

Price t £1.98 each 
MULLARD DATA BOOK 1976 
MDB 74 The latest edition of this 
popular handbook contains informa- 
tion on Semiconductors, Integrated 
Circuits, Television Picture Tubes, 
Valves, Capacitors and Resistors. 
Included in the 161 informative pages 
are 21 pages on Semiconductor 
Comparables Price t £0.50 each 
TTL DATA BOOK DIC 75 Now 
complete Data book of 74 series TTL 
(7400- 74132). Covering 13 main manu- 
facturers in U.S.A. and Europe, this 
book gives full data as well as 
equivalents Price t £3.74 
THE WORLD'S BROADCASTING 
STATIONS WBS 75 An up- to -the- 
minute guide for those interested in 
DX -ing. Contains all the world's 
broadcasters on SW, MW and LW, as 
well as European FM /TV stations. 

Price t £3.56 
A full range of technical books 
available on request. 

I INDICATORS I 41- 

3015F Minitron 7 Segment Indicator 
* 1.11 

rSILG.P. DIODES 

Containing a range of miniature 
ceramic capacitors in mixed values, 
unrepeatable value. 
MCI 24 ceramic capacitors: 22pF, 

27pF, 33pF, 39pF, 47pF, 56pF, 68pF, 
and 82pF 0.60 

MC2 24 ceramic capacitors: 100pF, 
120pF, 150pF,180pF, 220pF, 270pF, 
330pF. and 390pF 0.60 

MC3 24 ceramic capacitors: 470pF. 
560pF, 680pF, 830pF, 1000pF, 
I500pF, 2200pF, and 3300pF . 0.60 

MC4 21 ceramic capacitors: 4700pF, 
6800pF,OIyF,.015iF,.022,F,.033 F 
and .047sF 0.60 

MAMMOTH I.C. PAK I* 
APPROX. 200 PIECES 

Assorted fall -out integrated circuits, 
including: Logic, 74 series, Linear. 
Audio and D.T.L. Many coded devices 
but some unmarked - you to identify. 

OUR SPECIAL. PRICE E1.00 

I WORLD SCOOP 

JUMBO SEMICONDUCTOR PAK 
Transistors - Germ. and Silicon. 
Rectifiers - Diodes - Triacs - 
Thyristors - I.C.'s and Zeners. ALL 
NEW AND CODED. 

APPROX. 100 PIECES 
Offering the amateur a fantastic 
bargain PAK and an enormous saving - identification and data sheet in every 
pak. ONLY £1.85 each 

I BIB HI -FI ACCESSORIES I 

REF PRICE 

'D' 2I-Ii -Fi Cable & Flex Tidy '34p 
'J' Tape Head Cleaning Kit 72p 
'P' Hi -Fi Cleaner 30p 
Model 9 Wire Stripper E1.00 
23 1/4" Tape Editing Kit 11.80 
24 1/4" Cassette Editing Kit '£0-84 
29A Salvage Cassette '440 
32A Stylus Balance £1.28 
33 Splicing Tape 38p 
36A Record & Stylus Cleaning Kit *32p 
41 8 Track-Cartridge Head Carrier 

88p 
Model 42 Groov -Kleen 81.84 
42/S Roller& Brush for REF 42 & 2000 

24p 
43 Record Care Kit £2.76 
45 Auto Changer Groov -Kleen 98p 
46 Spirit level *72p 
48 Record Dust -off '26p 
52A Cassette Tray 54p 
53 Hi -Fi Stereo Test Cassette '12.40 
56 Hi -Fí Hints & Tips Book '48p 
Model 60 Groov -Kleen 'E 1.72 
160 /S Replacement Brush Velvet Pad 

and Base Sticker for Model 60 '24p 
62 Cassette Head Cleaner (Liquid) 48p 
71 Record 'Dust Off (Displays of ten) 

'66p 
71A Record 'Dust Off' (Bubble Pack) 

70p 
75 Indexa Record 'EI.50 
76 Stylus Cleaner '36p 
78 Cassette Fast Hand Winder 98p 
83 Cassette Title & Container Labels 

(20 & 10) 36p 

UNTESTED LIN PAK 
Manufacturers "Fall Outs" which 
include Functional and part Functional 
Units. These are classed as 'out -of -spec' 
from the maker's very rigid specifica- 
tions, but are ideal for learning about 
I.C.'s and experimental work. 

PAK NO. CONTENTS PRICE 
ULIC709 = IO x 709 0.60 
ULIC710 = 7 x 710 0.60 
ULIC741, = 7 x 741 0.60 
UL1C747 = 5 x 747 0.60 
ULIC748 = 7 x 748 0.60 

IG.P. SWITCHING TRANSI 
TOTS SIM. TO 2N706/8 

BSY27/28/95A. All usable devices. No 
open and shorts. ALSO AVAILABLE IN 

300 mW 40 PIV(min) SUB -MIN PNP similar to 2N2906, BCY 70. 
FULLY TESTED 20 for 75p, 50 for £1.50, 100 for £2.50, 500 

Ideal for Organ builders for £12, 1,000 for £20 
30 for 50p *, 100 for £1,50', 500 for £5* When ordering please state NPN or 

1,000 for E9' PNP 

-PAK 
PO BOX 6 WARE HERTS 
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D'-p 
OUR PRICE ONLY . 

PUSH -BUTTON 

STEREO 

FM TUNER 
L19.95 

Fitted with Phase Lock -loop Decoder 

The 450 Tuner provides instant program selection at the touch 
of a button ensuring accurate tuning of 4 pre -selected stations, 
any of which may be altered as often as you choose, by simply 
changing the settings of the pre -set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 cant 
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. plus 62p 

TEAK 60 AUDIO KIT: pos tag e. 
Comprising. Teak veneered cabinet 
size i 63/4 "it1 t'/ "x33/4 ", other 
parts include aluminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate sockets 
etc. KIT PRICE £9.20 
plus 62p SPECIFICATION: 

Frequency Response + 1dB 20Hz 
20KHz. Sensitivity of inputs 
1. Tape Input 100mV into 100K ohms 
2. Radio Tuner t00mV into 

100K ohms 
3. Magnetic P.U. 3mV into 

50K ohms 
P U. Input equalises to R1AA curve with 
1dB from 20Hz to 20KHz. 
Supply - 20 -35V at 20mA. 

Dimensions 
299mm x 89mm x 
35mm. 

PA100 
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 
25% 

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 =4KHz 02.5% 
Load Impedance 8 -16ohm Size: 75mm x 63mm x 25mm 

Frequency response ±3d8 Po =2 watts 50Hz -25Hz 
Sensitivity for Rated 0/P - Vs =25v. RL =Bohm f =1KHz 75mV.RMS 

3w R.M.S. £2 a 30 5w R.M.S. £2.65 10w R.M.S. £2.95 

AL 60 25 Watts (RMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 at 1KHz * 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 16 ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm. 
Especially designed to a strict specification. Only the 
finest components have been used and the latest 
solid -state circuitry incorporated in this powerful little 
amplifier which should satisfy the most critical A.F. 
enthusiast 3.95 

.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. 

£15. 
&P45p 

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 AL 10 / 
20/30 Amplifier 

Modules. Features include on /off volume. . 

Balance, Bass end Treble controls. Complete 
Frequency Response 20Hr -20KHr with tape output. 
1-3dB /. Bass and Treble range 
12dB. Input Impedente 1 meg ohm. 
Input Sensitivity 300mV. Supply 
requirements 24V .5mA. Sire 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 

PS12 
Input voltage 15 -20v A.C. Output voltage 22 -30v D.C. 
Output current 800 mA Max. Size 60mm x 43mm x 26mm 

Transformer T538 £2.30 OUR PRICE L 1 .20 

BIPAK 
P.O. BOX 6, WARE, HERTS. 
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High quality competit vely priced Knobs In production 
quantities only Min. order 1 000 Pcs of any one of 266 types! 

KNOB CAT.: WW124 FOR 
FURTHER DETAILS 

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 & CCTV 

USE 

DC pulse driven Turntable 
Units of especially high 
performance. 

NDK CAT.: WW125 FOR 
FURTHER DETAILS 

ToQSt 
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 

Also embraced in 
the range of 
manufacture are 

VACUUM DRYING EQUIPMENT 

HYPERBARIC OXYGEN SURGERY 
CHAMBERS 

TARAI INFO.: WW126 FOR 
FURTHER DETAILS 

LABORATORY 
TYPE SE65E 

TYPE TAD 
ous 48 66 85 118 150 

RR 42 50 70 106 110 
50..8 E3.73 E3.91 E4.10 £5.00 0555 
500-4 E3.44 E3.61 E3.82 E4.72 [5.42 
IaA £337 E3.54 E374 E4.63 E533 
'ME E3.40 E3.59 £3.77 £4á7 E536 
30DAC E3.57 f3.76 £3.94 E4.83 E5.40 

YU METERS AVAIL. 

TYPE SA 
Dims 43 51 

t t 

43 ,51 
50.4 53.62 E3.69 
S1i0.8, E3.31 E338 
ImA E32I E3.28 
15v0C E325 E3.32 

30094C E349 £3.56 

61 

61 

£3.97 

E3.63 

E3.53 
13.60 

£3.17 

VU METERS AVAIL. 

82 

78 

E4.22 
E3.86 

13.82 

E3.86 
E4.02 

FOR YOUR PRODUCTION REQUIREMENTS USE 

ALPS PANEL METERS 
Substantial quantity discounts to manufacturers 

Remember! We are the sole importers! 

SPECIALIST STOCKISTS OF SERVOMOTORS, SYNCHROS, TEST EQUIPMENT, METERS AND CONNECTORS 

ervo and Iecirenic dales 
24 HIGH ST., LYDD, KENT TN29 9AJ. Tel. Lydd 20252 (STD' 0679) VAT No. 

201 -1296 -23. TELEX 965265 

B-° 

--° 
TYPE SR 5 

1 ,nLu6 l, o : 

o j4 i 

f 

Dar 73 78 92 

a s t 
ma 56 53 72 

50pA E4.03 E4.28 E4.52 
500pA 0.68 (3.93 f4.18 
IaA 13.58 13.83 E408 
15v0C E3.70 E3.94 £4.19 

,3mrAC' E3.83 E3.97 (4.32 

LEMANIA AIRCREW 
CHRONOGRAPHS 

Stainless steel case with screw back, luminous 
hands and markings. One-fifth sec. sweep hand 
oonlrolled and independently of main movement 
by press to start stop and return to zero button. 
15 -jewel movement Many of these watches are 
as new but all have been completely overhauled 
and checked for accuracy Fitted strap. While face 
£18.80. Black face £19.75 aria P. 6P. 

GS WATCHES 
All with brushed stainless steel case with screw 
beck and black faces. Manufactured by TIMOR. 
ETERNA. LEMANIA, VERTEX RECORD, CYMA. 
et. . to a standard specification Completely 
overhauled Fitted strap £a -os (inc. P. 6P.) We 
also have imited quantities of these watches by 
BUREN, HAMILTON and IWC at E15.30 inc. 
P.6F. SMITHS GS watch with sweep second 
hand £9.25 me P.6F 6 VAT. All watches: 
Inspection pains[ 'eminence. 

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. Absolutely mint 
condition but cleaned and checked. Elf inc. P. &P. & VAT. 

1/10 SEC. STOPWATCHES 
Overhauled, E8.50 (inc. P. &P. & VAT). 

1/100 SEC. STOPWATCHES 
O.6 sec., MOO (inc. P. &P. & VAT). 

CAMBRIDGE INST. MIRROR GALVOS 
4.50 ohm, E1O (inc. P.&P. & VAT). 

500 -WATT CW TRANSMITTERS 
1.5 to 26MHz, P.O.A. 

HEAVY DUTY FLEXIBLE POWER 
CABLES 

Type A 2 core each 750A 440 VAC. Type B 4 core each 200A 
440 VAC 100 h lengths. 

REED SWITCH INSERTS 

Overall length 85in ( Bo dY T 9 th t tin- ) Diameter 0 14in t switch up 
to 500mA or 250vDC Gold clad contacta 74p per tloz E4.15 per 100 
E29.65 per 1.000 All carriage paid U.K 
Operating Coiti for 12v supply to accept up to four standard reeds E2.50 
per do: £12.60 per 100. All carriage paid U.K 
Hatay duty typa. (Body length tin ) Diameter 0 22in to switch up to 1 A 
at up to 250vAC Gold clad contacts £1.45 per doz £6.65 per 100, 
E52.00 per 1.000 Changeover Heavy Duty type £2.80 per doz. All 
carriage paid U K 

Magnets for HD reeds E1.50 per doz A few coils available for HD reeds 

PANEL DISPLAY RECORDING CAMERA 
Manufactured A.G.I. Specifically for the recording of complex 
instrument displays on 21/4in x 21/4in shots. Fitted 80mm 
F3.5 lens. Shutter speeds 1/100, 1 / 50, 1/25 sec. and time 
exp. Focusing at 1.75 to 50ft. in 18 steps. Aperture settings 
F3.5 to F22. Prismatic viewfinder and facility for viewing 
direct on ground glass screen. Rotating filter attachment. Cord 
film advance and shutter cock with separate Button control 
and electrical release facility (24V DC). Spool holds 40 
exposures. Camera may be wall mounted on bracket supplied. 
Tripod mounting socket provided. In wooden case. Two 
grades available as new. Grade A £35.50 (inc. P & P and 
VAT). Somewhat used but serviceable Grade B E28.40 (inc. P 
$ P and VAT). 

.,.SYNCHROS 

SERVOMOTORS 
EX STOCK 

NEW ADDITIONS to our range of 
PANEL METERS available at present only 

in MANUFACTURING QUANTITIES 
SE45 64 x 52 mm 
SE52 80 X 60 mm 
SE65 100 X BO mm 
SE85 120 x 100 mm mA 

SU45 69 x 53 mm 
SU55 87 x 63 mm 
SU65 105 x 77 mm 

Above meter forma are for moving coil movements only 
and may house S -meter and VU -meter instruments. 

COMPUTERS 
AND 

PERIPHERALS 
ICL 1904 CPU (complete) - documentation will be available 

- 
wnh 32K 

2uS Plessey core store £1000. ICL 7070/2 UNIPLEXER (Complete) £150. 
BRPE 110 cis/sec 8chan paper tape punches - silence covers 
£120. Plessey 68/ 1339 16K (13 bit) 1uS corestores 

some 
£35. Mulland AW 

3331 16K (25 bit) 2uS corestores £40. Mullord AW 3795 corestores 
E30. IBM 729/ IV M T U s - documentation available E200. ICL 
mainframe PSUs. 6V 25A and 28V 20A 5:40) £25. ICL peripheral PSUs 
10V and - 20V E20. Ampex 6 D R I dignal tape heads (7 6 9 track) 
P.OA. ICL 1971 6 1973 servo motors 6 vacuum blowers P.O.A. 
CDC ICL 2802 1E058) disc drives - mechanical spares P.O.A. RCA/ ICL 
1500 series - electrical & mechanical spares P.O.A. Belling -Lee R F I 

suppressors - 30 20A (50Hz1 E30. STC Sentrycal fire (smoke) detectors - data available £15. Vacrro Shaft position encoders type 1 OP 101 (10 
bit) E15. Tolana 8-channel F M instrumentation recorder (complete) 
£350. 
We can also design and construct non -standard interfaces between 
computers, instrumentation and control equipment. etc and we have a 
large number of one -off pieces of test equipment. If you have any problems 
in this field do not hesitate to get in touch with us Contact D Manager 
Ches Seton (Lain 3) 
GE Optical Tape Readers 5 7 and 8- track, 300 ch:sec, bust -in amps and 
Contacts Excellent condition Tested. £70 Inc PEP and VAT 

ENGINE TEST EQUIPMENT 
SERVO AUTOTESTER No. 1. 

0 -3.2 & 0 -16v. 0.80 A -DC & 0.20K Ohms, dwell angle and 
speed for 4, 6 & 8 cyl. engines and E.H.T. SEC. VOLTS. A 
substitute capacitor is incorporated. Size 26.5 x 14 X 
16.5cm. wt 3.25Kg. With handbook E30.37 Inc P &P. & 
VAT. 

SERVO AUTOTESTER No. 2. 
0 -16v. 0 -80A dwell angle and speed for 4, 6 & 8 cyl. engines. 
Size 16 X 9.5 X 6.5 cm Wt 0 45Kg. With instns. E11.15 
inc. P &P & VAT 

SERVO AUTOTESTER No. 3. 
Simultaneously on separate meters 0-16v & 0 -80A. Size 17 x 
10 X 7 cm. Wt. 0.45Kg- Price E9.78 inc. P. &P. & VAT. 

SERVO AUTOTESTER No. 4. 
Dwell angle and engine speed. Hand held instt Size 14 X 8 X 
5 cm. Wt. 0.26Kg. Price £6.35 inc P & P. & VAT 

OVER 300,000 RF AND 
MULTIWAY CONNECTORS 

IN STOCK. TELEX YOUR 
REQUIREMENTS NOW! 

FORTHCOMING 
EXHIBITIONS 

IEA- Electrex 1976 National Exhibition Centre, Birmingham, 3 -7 May 1976 
Leetronex 1976, Leeds University, 29 -30 June, 1 July, 1976 

Tickets free on receipt of SAE (1 for each Exhibition please) 

MULTIRANGE TEST METERS & 
LOW -PRICE INDICATORS AND 

PANEL METERS AVAILABLE WITH 
PERSONALISED SCALES 

s.p4óc, :, 

METERS CAT.: WW127 FOR FURTHER 
DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

AEVOx 
REVOX A-700 SERIES 

lfilEIII ifil. 

Industrial version upgraded to studio requirements 
with increased signal to noise performance and 
improved reliability. Four totally independent channels 
each with sel sync, input mixing, switchable VU's and 
all the facilities for easy multitracking. This industrial 
model is in more studios than any other version 

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

IMMEDIATE DELIVERY 

-U . a 
£635 IMMEDIATE 

DELIVERY 

The new big 
Revox - 
ideal for all 
studio re- 
quirements 
Highly so- 
phisticated 
design fea- 
tures in- 
clude servo 
tape tension, 
full deck 
logic. crystal 
controlled 
servo elec- 
tronics. 3 
speeds. tape 
footage 
counter. 

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

Industrial Tape Applications 

113 

ITA 10 

MODULAR MIXER 

Ten balanced inputs; four output groups, 4 limiters; 
bass mid and treble EQ. modular construction, 
headphone monitoring. Extremely high quality 
construction only matched by mixers costing around 
£ 1.000. 

10-4 

20-4 

EIGHT OUTPUT 

Hire £298 Check 
our 

m our prices fro 
IMMEDIATE DELIVERY 

£647 
£1095 
£1260 

IMMEDIATE DELIVERY 
Also available for hire 

PRICES EXCLUSIVE OF V.A.T. 

5 Pratt Street, London NW1 OAE 
Telephone: 01485 6162. Telex: 21879 

WW - 104 FOR FURTHER DETAILS 

/III 
(ELECTRONICS) LTD. 

9 & 10 CHAPEL ST., LONDON, N.W.1 
01- 7237851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION F 

AUTO TRANSFORMERS FOR AMERI- 
CAN EQUIPMENT 

240;110v 80 -3000 wens. fitted w.rh 2 -3 P'n 
sockets and 3 core mains lead Send sae for 
pace list We have England's largest selection g ges 
of American &avocet accessories 2.3 pon 
plugs. recessed and surface type 2 -3 sockets. 
mon. -way adaptors 2 -3 pie grounding 
adaptors Cable type sockets Extension cords 
240. Edison screw type light bulbs Industrial 
plugs and sockets Let us know your 
requeements 

A.E.I. 240v AC CONTACTORS 
2OAMP CONTACTS 

Type Contacts Price 
0656 6M 2B 07.50 
0659 3M 18 07.25 
0658 7M 2B 01.25 

AC 1103 Types 
0651 3M 18 £1.25 
0654 2M 2B 07.25 
0653 4M £1,25 

Brand new and boxed offered at a fraction of 
makers puce P P all types 2511 

Ar 
LT. TRANSFORMERS BY 

FAMOUS MAKERS 
Open types No 1 Pro 240. Sec 263 í0A end 
123 0 lA, 06.50. No. 2 Pr.. 220 -2403 Sac 
Tapped tOA. Eí0.00, cary aPPed 
01.50 No 3 Pri 220.2403 Sec Tapped 
5863- 69 -i4v 3A. 04.75, cary ìt No d Pro 

t 17220.2403 Sec 280 -283 3A and 
300.303 100M /A and 6v IA, .03.60, P P 

7511 No 4 Pri 1152303 Sec 30 -0303 4A 
and 10 -0 -10v ' /A. 03.75, P.P 75p No 5 Pro 

115 -2303 Sec 333 6A and 18-0-18v 1A. 
E3.00, P P 75p No 6 Pro 
110200.220 -240v Sec I4v 5A. 14v 2 5A. 
12v 10A. 8v 10A. 24v 750M /A. 100v 
500M /A Separate windings. 070.00, ce 
Cl 50 No 7 Pr, 200 -220 -240v Sec 4v 6A. 
4v 3A. 03.50, P P 75p No 8 Pro 

110220 -235v Sec 12v 2 2A and 12v to 
and 200v 35M /A. 02.50, P P 75p No 9 
Pri 200 -220 -2403 Sec 37v 5 SA and 37v 
2A and 21v 11A. £8.50. carr E1 50 No 10 
Pro 25u 2401 Sec 313 7A. 26v 5A, 
16v 4A. 25v 2A. Separate 

core 
E8.50, 

carr, i2 00 No 11. C r typas. Pri 
220 -2403 Sec 18.0-18v 219, £10.00. No 
12 Pr. 230v Sec 1 25.0 -1 25v 10A. 02.00, 
P P 50p No 13 Potted types. Pu 
110- 220-240v Sec 70v lA and 30v 1A. 

03.50, can Cl No 14. Pro 115- 220-240v. 
Sec 43v 0 75A and 43v 0 SA and 6 3v 1A, 
03.50, P P it No 15. Pr. 110.220.240v. 

29 7v 5A, 23v 'V A. 783 60M /A. 181v 
100M /A Separate ndings. 08.00. 

61 50 No. 16 Po 220.240v Sec 12v 6A 
and 1 5 6v 1 SA £4.00, carr E 1 50 No 17 
Pri 218 Sec 50v 2A, 03.00, P P 75p 
No 18. Pro 110.220.240v Sec Tapped 
4 3 -5 3 -6 3v. 10- 11.12.22.23- 24 -25 -26 to 
and 55v lA £4.00, P.P. E1 No 19, Pr. 
200-220-240v. Sec 6v IA twice 02.00, P P. 
75p No 20 Pro 200.220.240v Sec 105v 
2A. 02.00. P P 75p No. 21, Pu 
200- 220-240v Sec Tapped 

240v 
£2.00, 

P P 7511 No 24. M. 220 .80, Sec 22 v 

2 SA or+d 4.2 0-2/0. Se 
62v 

P P C1 No 
23 Po 1102202403 Sec 623 1A and By 
6A. 0, P P E1 NO 24 Pro 
110. 220.2á0v Sec 6 7v 3 BA twice. 7v 

2 4A twice. 6 7v 0 6A, 03.v0. P P E1 Open 
type No 25 Pn 220 -240v Sec 55v 'hA. 
ß,00. P P 50p No 26, Pr, 110- 220240v 
Sec 50v /:A and IN 1 5A. £2.50. P P 75p 
No 27 Pr, 120.240v See 4v 2A £1.00, 
P No 28. Pri 403 

240v Sec 
twice 

4 4 5011 No 29 P.. 2403 Sec 30v 
lA 02.00. P P 560 No 30 Po 2401 
Sec 40v 50M /A and 60v 50M /A No 31. 
Pro 1152202403 Sec 17-0.17v 1 2A and 
36v 502, A. No 32 Pro 240v Sec 40v 6A 
and 5-0.5v 2A and 5-0-5v 4i A. 04.75, carr 

S/LTAGETRANSFORMERS 7511 HIGH V 
Gresham P -, 2403 Sec 23003 1 0 Tv1ñv 

1 SA Open type. Table top conne ins 
E3.50. P P 50p Widen Pr, 230vct Sec 

690710- 0710.890v 120 M A Open type 
T T conne ins, E3.75, P P 75p Parmeko 
poned type. Pro 110v 220 -240v Sec 1875v 
60 M ; A 6 4v 6A Sv 3A. 05.50, can E 1 

All transformers are offered at a Racoon of. 
maker s opte Guaranteed m perfect condition 
As supplice ro the electronic mdusmes. 
un.versittes schools, etc 

MINIATURE RELAYS PLESSEY VARLEY 

52t) 4 CO 75p. 52:) 2 CO 60p. 2801) 4 CO 
Epp, 430t) 40 CO 60p. 430t1 2 CO 50p. 
12500 4 CO 60p. Postage 10p ea. Open type 
sm 1 a ¡, t!;. ins 6v DC 1 CO 35p. P P 10 v p' p 

BENSON SOLENOIDS 
AC 240v 25% duty. Approx. 2 ins. '// in pull 
See 2,0 1/20 ins Was 350:) 7511. P P 25p 

HIGH VOLTAGE BLOCK CAPACITORS 
Jensen 0 22mfd 7000v AC Wkg 02.00, P P 

75p evego 0 215mfd 1250v RMS Pulse 

Wkg 07.50, P P 50p TCC Bmld 2500v DC 

Wkg £3.00. P P 75p 0 5mfd 10.000v DC 

W £3 kg .00, P P 75p 0 5mfd 5000v DC 
Wkg E2.00, P P 50p 0 5mfd 2500v DC 

Wkg 65p, P P 20o 

AC WKG BLOCK CAPACITORS 
Oub4rer 15mfd 330v AC Wkg E1.25, 7P 
25p lOmld 350v AC Wkg £1.00. P P 25p 
5mfd 300v AC Wkg 75p, P P. 25p 4mfd 
650v AC Wkg 01.00, P P 25p 4mfd 500v 
AC Wkg 75p, P P 25p T C 4mfd 250v AC 
Wkg 50p. P P 20p 2 5mfd 300 AC Wkg 
SOp, P P 2011 1 Sold 400v AC Wkg 75p, 
P P 20p 04mfd 440v AC Wkg 50p, P P 

20p Bosch lmld 800v AC El .00, P P 2011 

DC WKG BLOCK CAPS 
ECC 2mfd 100v DC Wkg. ideal for crossover 

tuns 10 for £1.50, P P 25p 2mfd 500v 
DC Wk 5 for 01.50, P P 50p BICC 4mfd g 
800v DC Wkg Sap, P P 20p TCC emgd 
350v DC Wkg pop. Bmfd 200v DC Wkg 
35p, P P all types 20p 4mfd 1250v DC 
Wkg E1.00. 4m1d 600v DC Wkg 50p. 4mfd 
350v DC Wkg 40p. 2mfd 2000v DC Wkg 
65p. lmfd 2500v DC Wkg 65p. held 2000v 
DC Wk 60p. Irrfd 600v DC Wkg 25 9 0P 9 P- 

5roltd Sop DC Wkg 1 

wkg Wkg P P all types 204 All wkg 
voltages are at 60 C 

HEAVY DUTY BALLAST RESISTORS 
Enclosed T tsb:) 1 tra Sore 19 x 3v2 ms Type 
£3.00. 850 1 5A. Sue 15 . 3 ins 02.00, P P 

ether type 75o H.gh volt 500 Megohm 258v 
Resistors length 1 7 ins dia 2'4 ins 03.00. 
P P 75p Berco Tubular v resistors 300 
1 5A. right angle geared drove control E1.50, 
P P 50p Welwyn and Simuler 7.10 wan 
W W 

11 

''0: }15K:). 25 assorted. 
07.25. P P 20 

- 
VENNER INDUSTRIAL TYPE 

Time switch motors AC 2403. 1 rev per 24 
huts housed on metal case 5 ins dia E2.00, 
P P 50p 

PARMEKO 240/115v ISOLATION 
TRANSFORMERS 

Pro tapped +10v-10v 0115- 200 -225.2503 
Sec 115v 13 SA conserval.vely rated 
Shrouded table top connections Size 12 x 9'h 
x 8';i ins 032.50, carr e3. Pr. tapped 
+103.10v 0-200-220-240v Sec tapped 
+10v 0- 90 -110v 7 5 A. conservatively 
rated Shrouded table lop connecbons Sr,, 
7'4 x 8 , 8 ms £19.50 + c ì3 T.E C 
isolation transformers Pri 240vrr Sec tapped 
265270.275v 1400 warts. conservatively 
rated Sue 8 e 8 e Tons 025.00 parr e3 

GRESHAM L.T. TRANSFORMERS 
primaries All tapped 10-0-200-220-240v 

open type tropocahsed Terminal block 

No 
fraction of makers price 

No 1 sec tapped 04- 16- 17- 18 -19.20v 20A 
E7.00. No 2 4.7 -11- 31.32.33 -34v 20A 
08.50. No 3 4.7.11.3233 -34-35v 10A 
06.50. No 4 6í13e20.54.56. 58593 SA 
(6.50. Carr on all type E l C core types. all 
p'manes. 200.220.240y No 1 4 separate 
secs. to 3v 9v. 273 All at 15A. 012.00. No 
2 3 separate sec 29-30-33v 15A 
?3 ?4.263 5A ta -1551 ]v 54 072.00 carr 

-- PARMEKO L.T. TRANSFORMERS 
No 1 Open Type Pro 110.220.240v 240v Sec 30v 
5 SA and 12v 2 2A and 115v 250 M. A 

E4.95. P P 95p No 2 Pined type Pu 
115.230v Sec tapped 24.30.32v 2A 
E2.95. P P 50p No 3 Poned type. Pr. 
115.230v 6 3v 1 BA 6 3v lA E2.00. P P 

2011 No 4 Shrouded type 
230.240-250v Sec .220.43 120. n 
P P 50p No 5 Pro 115.220.230v Sec 6 6v 
6A trace and Sv 6A. will give 13 2v 6A and Sv 
6A or 6 6v 120 and 5v 6A or 18 2v 6A Potted 

type 04.95. P P 95p No 6 Pr. 
200-220-240v Sec 39v 8 6A and 383 2 6A 
and 127v 25M A. Potted type 06.00, carr 
_ 1 50 No 7 Pro 110.230v Sec Tapped 
4045.50v 5A Potted type E6.50, P P 

.1 50 

GAR DN ER HIGH VOLTAGE 
INSULATION TRANSFORMERS 

Prit 230 240u Screen Sec 2.0.2v. 11 amps 
conservatively rated 25Kv insulauoe Encap- 
sulated type E6.50 carr ì 1 50 

- 
CURRENT RANGE OF NEW L.T. TRANSFORMERS 

OPEN TYPE TAG CONNECTIONS 
ALL PRIMARIES 220-240v 

T Sec Taps Amps Price Carr Type 
I 24.30-40-48-60y 12 020.25 12 00 
2 24.30.40.4860v 10 619.40 i.2 00 
3 24.30- 40- 48-60v 8 015.75 1. 1 50 
4 24.30.40 -4860v 5 010.24 t 100 
5 2430- 40.4860v 3 E7.90 75p 
6 24. 3040 -4860v 2 E5.53 75p 

6 -8.10. 12.16 -1R 20.24.36.40.4860v 
CAN BE OBTAINED FROM THE ABOVE RANGE 

7 . 19 2533.40 -50v 111 017.75 r 2 00 
8 19- 25.33.40.50v 6 012.00 t.1 25 
9 192533 -40503 3 £6.00 7511 

in 19- 253340503 2 04.95 7511 

5-7-8+ 0-134 5 - t 7 20 25-30.40-50v 
OR 25 -0-25v or 20 -0-20v CAN BE 

OBTAINED FROM THE ABOVE RANGE 

11 17 15202530v 10 070.35 i 1 25 
12 1 215 -10 25 303 5 £6.70 i SO 

13 1215 -20.25 30v 2 E3.75 75p 
3.4.5.6.8.910 1215 -18.20.24 -300 

or 12-0.12v or 15.0.15 CAN BE 

OBTAINED FROM THE ABOVE RANGE 

14 12,24v 17v 60A 24v 30A 017.50 e 2 00 
15 12 -24v 12v 30A 24v 15A 014.25 , 1 50 
le 12.24v 11v 20A 24v 10A 00.75 i 1 25 
17 1224. 12y 10A 243 SA E5.50 /Sp r 

:, 12 24v 12v 4A I4v PA E2.95 60p 

FULLY SHROUDED TYPE TERMINAL CONNECTIONS 
15 4.16 24 32v 4 E6.95 75 p 

20 41 3 2 09.50 
21 11.20-24v 10 £8.50 s 1 00 
22 12- 20.74v 5 E6.50 75p 
23 24.30.36 10 012.00 e 1 25 
24 14 3036 5 09.50 , t 00 
25 74.30.36 7 E4.50 65p 

WOGEN AUTO TRANSFORMERS 
3000 wens tapped 105. 115 -125.135- 200 -215- 230. 245 -260 open 
type temrinal block eonne,tsions, 019.50, carr r 2 00 Isola non type 

HO watts Pro lapped 2.20- 220.24Gv Sm rapped r 00 -110. 1 50y 
n.onoi mock e:onnernrons 075.00, rap i 2 00 

- 

PLEASE ADD 9% TO ALL ORDERS INC. CARR. 
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ASR ENGINEER 

11,000,. 
with raw: 8001 

*With the Colour Faults Guide system of rapid, on- the -spot diagnosis 
of colour set faults the originating firm, Colour Vision Rentals Ltd, 
reported savings of the order of well over £1,000 per engineer per 
year. 

HOW IT IS DONE ... A tabulated index of fault symptons and the 
most common circuit troubles causing them quickly enables the 
engineer in the customer's home to locate the cause of the 
breakdown and the panel or assembly in which it has occurred. He 
can then change the panel (etc) on the spot from his van stock and 
return the faulty item for repair subsequently, and return to stock. The 
originating firm calculates that an average of about 3 hours a week 
per engineer is saved, plus an average of one workshop uplift less per 
engineer - hence the £1 ,000 -plus per year saving. 

The Colour Faults Guides, E R T's top innovation of 1974 -5, covering 
14 widely used chassis, are now collected in book form for sale at 
£1.70 inclusive per issue. 

CAN YOU AFFORD YOUR MEN NOT TO HAVE A COPY WITH THEM 
ON EVERY JOB? 

The fourteen chassis covered in the book comprise:- Decca 30 series; 
GEC 2210 series; GEC Hybrid 2040 series; Hitachi range - CAP 
160, CEP 180, CNP 190; ITT CVC5; Philips G8; Pye CT200 series, 
Pye 691 -697; Rank R I A823/A; Thorn C E 3000 & 3500; Thorn 
(BRC) 8000/8500 series; Bang & Olufsen 39 series - Beovision 
3500, 3600, 400, 600; Skantic - all models except earlier 22in. 
hybrid. 

Order Coupon 
To General Sales Dept., Room 11, ERT, Dorset House. Stamford St., 
London SE1 9LU 
Please send me copy /copies of Colour Faults Guide at 
E1.65 inclusive. 

I enclose remittance value £ (Cheques payable to IPC Business 
Press Ltd.) 

Name (please print) 

Address 

Company regd. in England No 677128 
Regd. office: Dorset House, Stamford St., 
London SE1 9LU 

..a 

PRINTED CIRCUIT BOARD TRANSFER SYSTEMS 

® ® ® ® ® 11111111111111111 

evo 0000000000000000000000 

0000000000000000000000000 

o o o 0 o 

T r r oó0 0ó ó0 0ó 

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. 

0:too 

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 
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P F11 R Phone 01 -7 3T 8753 

NDON NW1. 

SIGNAL GENERATORS a,)Q 
fY 

MARCONI TF80ID /IS. 10 -480 mHz P.O.A. 
MARCONI TF80IB /25. 10 -480 mHz E225. 
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-100mHz. 125. 

OSCILLOSCOPES ó 

SOLARTRON CD1400 DC- 15mHz. ow .' 
COSSOR CDU110. DC- 80mHz. +7 

TEKTRONIX 545A with CA unit. DC- 30mHZ. Price 
only £295.00 " ! 
TEKTRONIX 531 DC -1 5mHz with L type plug -in 
TEKTRONIX 535 DC -15mHz with L type plug -in 
TEKTRONIX 545B DC -30mHz with 'CA' plug -in. 
TEKTRONIX 585A. DC -80mHz with type 82 plug -in. 
TEKTRONIX 654B. Storage oscilloscope. 
TEKTRONIX 532. 200uV. Sens. X -Y. 
TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter. 

/FM 
CO -AXIAL CHANGE OVER 
RELAYS. Terminated in 'N' -type 
sockets (3 off). Suitable for frequencies 
up to 1GHz. 48 V.D.C. coil. Plugs 
available at 50p each Relay only 
£5.50 each 

PRINTED CIRCUIT MOTORS. 
Manufactured in U.S by Photocircuits 
Corp. 24. V. D.C. 2.000 rpm. 14 cros 
diameter. These are quality made, high 
precision motors offered at a fraction of 
hst pece. Only £8.50 each 

MARCONI TF995A2/M AM 
R.F. SIGNAL GENERATORS. 
1.5.220mHz. 0- 100kHz Deviation. 
1 NV -100mV output. Sold in excel - 

lent condition. P.O.A. -- 
METRIX 210 WOBBULATORS. 
0.25mHz. Sweep width 0.5 - 20mHz. 
Output iOOmV attenuable in steps of 
10 to 10uV. Last few of these left at 
only £15.00 each to callers only. 

E.M.I. oscilloscopes model WM 16 with 
type 7/1 W.B.A. plug -in unit. Sup- 
plied in perfect condition complete with 
trolley. £125.00. 

- 

"WEE MEGGERS. 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 
pece. brand new, only £4.50 each 

Centrifugal blowers by WOODS. 8 inch 
snail type. Outlet 23/4 x tin. 24V DC 
2 BA 2400 r.p.m. Grey stove finish. 
All brand new. Price is £10.50 + 
carriage 

GENTS /FRIEDLAND fire alarm 
bells. Operating voltages 12e dc /24v 

MINIATURE DEAC NI- CADMIUM 
batteries. type JOCK. 3 cells in package 
making 3.7 Volts. 25u17x15mm only 75p 
post paid. 

dc. All in as new condition and tested 
before despatch. Sizes 6/8/12 inch. 
Prices £4.80, £5.20 and £8.50 rasp. 

COMPUTER PERIPHERALS. Tape 
punches. 8 hole by Westrex and other 
well known manufacturers. Tape 
readers by Elliot. All virtually brand 
new Peces are better than one half the 
maker's, Write or phone for quotation. 

E.M.I. oscilloscopes type RM015. 
Response it scopes 5 inch CRT. 
10KV E.H.T. We can offer these quality 
oscilloscopes at the exceptional price of 
only E35 each to callers ofily. 

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 -10e dc @ A. 
Both supplies are extremely stable with 
low ripple voltage. Price each £18.50 
+ carriage. 

ADVANCE t type 63A AM /FM R.F. Signa yP 9 
generators. 7.5- 230mHz Deviation 0 -22.5 
and 0 -75 kHz. X -sweep output, Crystal 
calibrator. 'scope output. £75.00. 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TF1400S double pulse generator with TM6600 /S secondary 
pulse unit. £105. 
MARCONI TF791D deviation meter, 4- 1024mHz. 0- 100kHz deviation., 

MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter 1 mV -300V. Excellent. £75. 
ROHDE & SCHWARZ USVD calibrated receiver 280- 940mHz (4600mHz) 
'LEVELL TG200 DM. AC Oscillator, c/w case, £65. 
ROHDE & SCHWARZ URV 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 100Ò -1900 mHz 
MARCONI type TF936 Impedance Bridge. £85.00. 
GERTCH Phase Angle V. Meters. Range 1 mV -300V, in 12 ranges. 

SOLARTRON oscillator type CO 546. 25Hz- 500kHz. £36.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11, 110 ohms. 
£24.50. 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 

With our New 

PER 30 

115 

Our reputation for professional 
soldiering equipment has been 
built on our precision products, 
so we have taken extreme care 
io see that our new ORYX 
Super 30 iron at, 
dare we repea it. only £2.95, 
is going to be the best at its 
price. 

Here are some of the features 
you get as standard: 
A neon Safety Light, 
A long life element, 
lroi coated screw -on tip, 
Ste mess steel shaft, 
Sty ed handle, 
A two- minute element 
change, and a Stainless 
steel clip -on hook. 
You can have further 
teclnical information, or by 
ordering one now you will 
see why we call it the 
Super 30. 
Illustation actual size 

Greenwood Electronics 
Greenwood Electronics Portman Road. Reading, RG3 INE 

Telephone: 0734- 595844. Telex 848659 

WW - 103 FOR FURTHER DETAILS 
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VALVE MAIL ORDER CO. 
16a Wellfield Rd., London, SW16 2BS 
Tel: 01 -677 2424 Telex: 946 708. 

VALVES PEN451J UCL83 0.70 6CD6G 1.60 12BH7 0.80 
ECH42 085 EZ81 031 UF4I 0.75 6CH6 2.20 30C15 1.00 

A731 100 ECH81 0.35 EZ90 0.45 PFL2000.70 UF89 050 6E5GT 150 30C 17 1.00 
AZ41 070 ECH83 0.50 GY501 0.90 PL36 0.63 UL4I 0.85 6F23 0.90 30C 18 090 
CBL31 1.40 ECH84 0.50 GZ30 0.65 PL38 1.25 UL84 0.50 615G 045 30F5 1.00 
CL33 1.50 ECL80 0.60 GZ32 0.55 PL8I 0.55 UY41 055 ú150T 0.55 30FLI 1.00 
CY31 100 ECL82 0.42 GZ34 0.75 PL82 0.50 UY85 045 6J7GT 0.45 30FL141.00 
DAF91 0.40 ECL86 0.56 1163 0.90 PL83. 0.00 VP4B 1.25 6K6GT 0.00 30L15 0.85 
DAF96 0.50 ECLL800 HL4IDD PL84 0.50 VR75/30 6K7GT 0.35 30L17 095 
DCC90 1.35 3.50 0.70 PL500 085 6K8GT 0.50 30P 12 1.00 
DF91 040 EF37A 1.50 HN309 1.50 PL504 085 VR 105/30 6P25 3.00 30P19 0.95 
DF96 060 EF39 1.25 KT81 iM PL508 0.00 6Q7GT 0.43 30PLI 0.85 
DK91 0.50 EF41 0.75 KT66 3.40 PL509 1.56 VR 150/30 6SG7 050 30PL 13 1.10 
DK92 1.00 EF55 1.50 KT81 (7C5) PL801 1.00 045 6S17GT 030 30PL 14 1.10 
DK96 075 EF80 0.35 200 PL002 231 Y63 1.25 6SL7GT 35L6GT0.80 
DL92 0.50 EF85 0.45 KT88 100 PY32 00.3 IRS 0.50 0.55 35W4 0.50 
DL94 048 EF86 050 KTW6II.N PY33 0.63 155 0.40 6SN7GT 35Z3 0.00 
DL96 055 EF89 035 KTW62110 PY81/800 IT4 0.40 055 35Z4GT0.70 
DM70 070 EF91 0.40 N78 0a 0.50 3S4 050 6U4GT 0.75 5005 LLID 
DY86/7046 EF92 0.50 .0A2 0.45 PY82 0.45 3V4 0.05 6U5G 1.50 S0CD6G1.20 
DY802 0.47 EF98 0.80 OB2 0.45 PY83 0.50 5R4GY 1.20 6V6GT 0.60 80 075 
EABC80 EFI83 0.40 OZ4 055 PY500 1.10 5U4G 1.00 6X4 0.45 807 1.00 

0.30 EF184 0.40 PC86 085 PY801 055 5V40 0.65 6X5GT /0 6080 IN 
EAF42 070 EH90 060 PC88 0.85 SP4 I 3.00 5Y3GT 0.65 0.55 6146 110 
ÈAF801 EL33 3.00 PC900 0.55 SP61 0.85 5Z4G 0.85 766 080 6146A 110 

0.75 Ç T4I 1.50 6'30L2 0.90 767 0.110 6146B 4.20 
EBC33 1.00 b PCC89 055 U25 1,00 6AL5 030 7C5 2.10. 
EBC41 075 EL41 0.l0 PCC 189015 U26 0.05 6AQ5 0.50 7C6 1.00 2BPOBESIA 
EBC81 0.40 EL42 1.85 PCF80 0.40 U191 0.75 6AS7G 1.00 7H7 080 313P1 4.50 
EBF80 0.40 EL84 0.35 PCF86 0.85 U404 0.75 6AT6 0.00 7S7 2.25 3DPIA 4.00 
EBF83 040 EL91 2.00 PCF801080 U801 118 6AU6 0.40 7Y4 000 3EGI 100 
EBF89 0.32 EL95 0.60 PCF8020.55 UABC80 6AV6 050 2AC6 080 3FP7 2.00 
EBL31 2.00 EL380 I.ß PCFR050.10 0.40 6BA6 038 2AD6 000 3GPI 5.00 
ECC40 1.00 PCF806 0.50 UAF42 0.75 6BE6 045 2AE6 0.75 56P1 6.00. 
ECC8I 045 EM80 0.55 PCF8081.00 UBC4I 0.60 60E16 075 2AT6 0.45 5CP1 5.00 
ECC82 0.38 EM81 0f PCL82 0.45 UBF80 050 6816 0.75 2AT7 045 88D 15.00 
ECC83 0.38 EY5 1 0.45 PCL83 0.70 UBF89 0.50 66Q7A 0.55 2AU6 050 CV429 27.50 
ECC85 0.45 Ey88 0,50 PCL84 050 UCC85 050 6BR7 1.20 2AU7 0.38 D07-5 12.00 
ECC88 0.50 PCL85 0.60 UCH42 000 6BW6 1.00 2AX7 038 VCR138 
ECF80 045 EZ40 010 PCL86 0.50 UCH81 0.50 6BW7 1.00 2BA6 0.50 1000 
ECF82 045 EZ4I 075 PD500 1.50 UCL82 040 6C4 0.40 2BE6 060 VCR 139A 

0.00 

TRANSISTORS & ICs 2N696 015 
2N697 016 

2N4289 0.30 
3N 141 0.81 

SN7476 0.45 
51`47480 0.60 

AA! 19 07 13F179 033 0C42 0.40 2N706 0.12 40360 040 SN 7482 087 
AAZI3 0.12 BFI80 0.38 0C44 0.20 2N706A 012 40361 0.45 SN7483 1.10 
AAZI5 610 BF181 6.3$ 0C45 0.20 2N1131 025 40362 040 SN7484 1.00 
AC107 651 0F194 0.18 0071 025 2291132 0.24 40430 0115 SN7486 047 
AC126 0.25 0F195 0.13 0072 021 2N 1302 618 SN 7400 0.18 SN7490 0.55 
AC127 025 0F197 0.10 0076 0.30 2N1303 0.18 SN 7401 0.18 SN 749 IAN 
AC 12P 015 8F200 032 0077 0.54 2N1304 018 SN 7402 0.18 1.00 
AC176 0.25 BFS6I 0.26 0081 0.20 2N1305 0.22 SN 7403 018 SN7492 0.70 
AC187 0.21 BFS98 620. OC8ID 0.20 2N1306 028 SN 7404 028 SN 7493 0.70 
ACI88 0.10 BFWIO 0.61 008 1Z 046 2N 1307 0.28 SN7405 0.22 SN7494 0110 
ACY2I 0.35 BFX29 0.28 0083 000 2N I 308 0.20 SN7406 042 SN7495 0.80 
ACY39 0.78 BFX88 0.24 OC140 014 2N 1309 0.30 SN7407 0.42 SN7496 0.95 
ADI40 0.50 BFY50 0.21 OC170 030 2N1613 0.21 SN7408 028 SN7497 3.67 
AD149 0.50 BFY51 020 OC171 2N 1614 045 SN7409 0.26. SN 74 100 1.89 
AD161 044 BFY52 020 OC200 0.3$75 2N2 147 0.78 SN74 10 0.16 SN74107 0.45 
AD162 044 'gR300, 11.41 OC201 1.00 2N2160 0.78 SN741 I 0.25 SN741 IO 0.58 
AF 115 0.25 BY100 017 0C202 1.30 2N2369A 0.16 SN 74 12 0.30 SN741 I I 0.86 
AF116 0.25 0Y126 014 0C203 070 2N2646 0.50 SN 74 13 0.35 SN 74118 0.90 
AF117 024 BY127. 0.12 OCP71 1.20 2N2904 1120 SN7416 0.38 SN74119 1.68 
AF186 048 BZX61 Series ORP12 0.00 2N2904A 625 SN7417 0.38 SN74121 0.50 
AF239 0.44 020. ORP60 0.55 2N2905 032 SN 7420 116 SN74122 0.70 
ASY27 0.33 BZY88 series TIC44 0.29 2N2905A 025 SN 7422 0.25 SN74123 1.00 
ASY28 025 0.10 TIC226D 6.50 2N2906 020 SN 7423 0.37 SN7414I 090 
BA102 0.25 CRS1-05 0.35 TIL209 0.20 2N2926 0.12 SN7425 0.37 SN74145 1.26 
BAI15 0.10 CRSI-40 0.50 2TX107 012 2N3053 0.18 SN7427 0.37 SN 74 150 1.75 
BC107 014 CRS3-05 

p0.4r0 BC 108 0 13 C 
BC 109 0.14 M1 E340 0.7 

ZTX108 010 
ZTX300 0.13 
ZTX301 0.14 

2N3055 045 
2N3525 0.91 
2N3614 0.55 

SN 7428 046 
SN7430 015 
SN7432 0.37 

SN74151 1.00 
N74154 200 

SN74155 1.00 
BC113 015 MJE370 0.00 ZTX302 0.18 2N36 15 0.65 SN7433 0.37 SN74156 1.00 
BC117 011 M1E520 093 ZTX304 024 2N3702 0.11 SN7437 0.37 SN74157 0.95 
BC 143 030 MJE2955 1.27 ZTX500 013 2N3703 012 SN7438 0.37 SN74170 2.52 
BC147 0.10 M1E3055 017 
BC148 0.8 MPFI02 O.IO 

ZTX501 015 
ZTX503 0.18 

2N3704 014 SN 7440 022 
2N3705 0.15 SN 744 I AN 

SN74174 1.57 
SN74175 1.10 

BCI69C 115 MPFI03 0.38 ZTX53 I 025 2N3706 0.11 0.52 SN74176 1.26 
BC182 012 MPF104 035 ZTX550 0.16, 2N3707 0.13 SN7442 0.75 50174190 2.00 
BC 182L 0.12 MPF105 0.30 
BC184L 013 NKT404 I.OD 

IN914 0: 
IN4001 0.00 

2N3708 0.07 
2N3 709 0.10 

SN 7450 0.18 
5197451 018. 

SN74191 2.00 
SN74192 2.00 

BCY32 0.85 OA5 0.72 IN4002 0.7 .2193710 0.11 SN7453 0.18 SN74193 2.00 
BCY33 038 0A10 040 IN4003 00 2193711 0.11 SN7454 0.18 SN74194 1.30 
BCY34 0.45 0A79 010 IN4004 0.6 2N3819 0.38 SN7460 0.18 SN74195 1.10 
BCY70 018 0A81 0.10 
BCY71 022 0A91 0.7 
BCY72 0.15 0A200 000 

1N4005 0.10 
1N4006 012 
1N4007 0.12 

'2N3820 0.50 
2N3823 0.50. 
2N3903 0.15 

SN7470 0.3$ 
SN7472 0.38 
SN7473 041 

SN74196 120 
SN74197 1.20 
SN74198 2.77 

BCZ1I 0.65 0A 202 0.00 
013121 1.00 OC16 1.00 
BD124 0.65 OC20 2.00 

1N4009 0.00 
IN4148 008 
15131 0.13 

2N3904 0.20 
2N3905 0.25 
2N3906 025 

SN7474 0.42 
SN7475 0.59 

SN74199 2.52 

BDI31 0.42 0C23 1.25 15921 0.07 2N4058 015 
BD 132 0.50 0025 0.40 I$2033 0.20 2N4059 0.10 

OIL 14 pin 15p 0F115 0.20 0C28 13111 152051A 0.20 2N4060 0.13 
BF167 0.25 0C35 0M IS2100A 0.20 2N4061 0.13 
8E173 0.20 0C36 0.00 153010 0.25 2N4062 0.14 SOCKETS 16 pin 17p 

INDUSTRIAL VALVES 6060 
6061 

CV 131 
CV132 

C V 3986 
CV3988 

EF54 
EF55 

003 
003 

03GT 513/255M 705A 6062 CV 133 CV3991 0E804 OZ4 
B24 5B ,/256M 7ISA 6063 CV 135 C V 3998 EF P60 OZ4A 
B35A 50/257M 715B 6064 CV136 CV4001 EL91 
B63A 5C22 723 A/13 6065 CV137 C V4002 EN30 PT15 
N21 5D21 725A 6067 CV138 CV4003 EN31 
N2IB 5R4GY 6072 CV140 CV4004 EN32 QA2400 
N23B 5U4GB 801 6073 CV 144 CV4005 EN9I QA2403 
N23CR 5Z3 803 6074 CVI60 CV4006 ESU74 A 2404 
X2A 5Z4G 805 6080 CV173 CV4007 ESU76 A2406 
X26 807 6097C CV 187 C V4008 ESU77 A2407 

6AF4A 808 6130 CV 188 CV4009 133/300 
2A3 6AK5 811 6156 CV 190 CV4010 F6057 83-5-750 
2AS15 6AM5 RI IA 6189 CV 220 CV401I F6060 1100 
2C26A 6AM6 8I2A 6197 CV26I CV4012 06061 

r84 
F41 

2C34 6AN5 813 6201 CV273 CV4013 06063 F45 
2C39A 6AN8 815 6202 CV2R4 CV4014 FX219 QQV02 6 
2C45 6AR5 828 6203 CV286 CV4015 FX225 QQV03 10 
2D21 6AS6 8298 6205 C V 287 CV4016 FX227 QQV03-20 
2D21W 6AU4GTA 8308 6360 CV315 CV4017 QQV03-204 
2E26 6AU5GT 860 6442 CV329 CV4018 G I/371 K QQV04 15 
2131 6AU6 866 6463 CV 337 CV4019 G120/IB V0640 
2133 6A VSGTA 866A 6550 CV342 CV4020 G150/213 V06- 40A 

- 2150 6AW8A 866E 6807 CV345 CV4022 G 180/2M S70/20 
2154 6AX5GT 872A 6923 CV354 CV4023 G240/2D S75!20 
2156A 6B4G SOIR 6939 CV 359 CV 4024 G400/ 1 K QS75/40 
2K25 6 BARA 891R CV360 C V4025 GN4 S75 60 
2K26 6BK4 7193 CV37I C V4028 GT IC 5833 
2K28 6BK7A 954 7203 CV 372 CV4033 GTR I20W la 
2K45 6BL7GTA 955 7360 CV378 CV4035 GTRI5OMS 

rS9'_ 
S95 Ill 

2X2A 6ßN6 956 7586 CV391 CV4038 GU 18 S 105/45 
6BR7 957 CV395 C V4039 GU20/21 

3A/107A 6657 8013 C V 397 C V4040 GU50 
r5150/40 
5150/45 

3A/108A 6BX7GT 1625 802SA C V428 C V4056 GXUI S 150/80 
3A/108B 6BZ6 CV434 CV4059 KT66 Q51200 
3A/109B 6C06 2050 9001 CV447 CV4060 KT67 QS I202 
3A/110A 6CH6 2050W 9002 CV449 CV4062 KT88 SI203 3A/I 10B 6CL6 2051 9003 CV466 C V4063 SI205 
3A/146.1 6CW4 9004 C V464 C V4064 M8079 U37 
3A/I67M 6DK6 4003A 9005 CV488 C V 4079 M8080 V03-12 

SDQ6 6 4212E or H 9006 CV49I CV4501 M8081 VO4-7 
38/240M 4242A CV492 CV4502 M8082 Q5/05-25 
3B/241M 6F33 4313C 1320IA CV493 CV4503 M8083 
3624 6H6(metal) 432RA CV717 C V4504 M809I- QY3 I25A 
3028 6K7GT 4687 A 1 834 CV808 CV4507 M8096 QY4-250A 
3B29 6U8A 5544 A2087 C V1072 CV4508 M8097 QY4-400A 
3C22 6V6GT 5545 A2134 CV 1076 C V5060 M8098 
3C23 A2293 CV 1092 C V6004 M8100 R10 
3C24/240 1E3 5642 A2426 CV 1219 C V6008 M8136 RI7 
3C45 1E13 5644 42521 CV 1343 CV6045 M8I37 RI8 
3C X10045 2AY7 5651 A 2900 CV 1475 M8140 
3E29 2B4A 5670 ACT6 CV 1476 DA30 M8141 SHE 12 
31/121E 2BY7A 5672 ACTS CV 1477 DÁ41 MSI42 SI 30 
31/160E 2E1 5676 CV 1478 DA42 M8144 SI 30P 
3J/170E 2E14 5687 BIC IF CV 1794 DA 100 M8149 STV280/40 
3Q/1500 3E1 5696 0590 CV 1480 DET22 M8157 STV280/80 
3Q/195E '8D7 5702 BS156 CV 1481 M8161 SU4I 
354 29CI 5718 BT5 CV 1452 0551 M8162 SU42 
3V '34013 53KU 5719 BT3S CV 1787 F.80CC M8163 
3V/390A 75131 5725/ BT45 CV 1832 E80FC M8167 TD03 10 
3 V/390B '5C I 6AS6W BT79 CV1833 ER0F M8I79 TT15 

83A1 5726/ BT83 CV 1835 E80L M8I90 TT21 
4-I25A 65A I 6AL5W CV 1994 ESOT MR196 TTR3IMR 
4-250A 85A2 5727/ CIC CV 2000 ESICC M8204 TZ40 
4.400A 90AG 2D2IW CV2131 ES I L M8212 
4B32 90AV 5749 CV5 CV2154 E82CC M8214 U17 
4C35 SOC 5750 CV25 CV2I55 E83CC M8223 1119 
4CX250B 90CG 5 751 CV26 CV2160 E83F M8224 U27 
4E27 90CV 5802 CV28 CV2179 E88CC M8225 
4150 95A1 5814 CV31 CV2235 E90CC M8232 V LS63 I 

4152 00TH 5823 CV32 CV2237 0901 M8237 
4152A 50B2 5840 CV45 CV2238 E91H M8245 Z 300T 
4153 SOB3 5963 CV53 CV2253 E92CC ME 1400 Z759 
4X150A SOCI 5965 CV73 CV2289 E I80CC ME 1401 Z803U 
4 X 150D 

50C3 
6005/ CV74 CV 2520 0450 

4X2500 6AQ5W CV85 CV2522 EA52 0A2 
50C4 6021 CV I IS C V 2721 EA76 0A3 

513/251M 250111 6057 CV 121 C V 2901 ECC35 OA4G 
5B/252M .328 6058 CV124 CV3523 EC 0804 0B2 
5B'254M 329 6059 CV 128 CV3929 EFSO 083 

VAT 
VALVES & 

TRANSISTORS 25% 
INTEGRATED 
CIRCUITS 8% 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE 136 7 -5, VCR 139A, CV 1526 
Price £8.00 P & p 25p add VAT 80/u 

SPECIAL OFFER 
Temts of Business: Mon. to Sat. Open for callers 9 a.m. to 5 p.m. Closed Sat. 1 p.m. to 3 p.m. Express postage 1 2p for one valve; 2p each additional valve. Express postage: 1 2p per 
order for transistors. Prices on application for any type not listed. Obsolete valve a speciality. Prices correct when going o press. This applies to the U.K. 

MINICOMPUTER BARGAINS! 
TEXAS 960A MINICOMPUTER with 12K x 16 
semiconductor store and REMEX Model RAB 3075 High 
Speed Reader /Punch. Additional teletype and 
communications interfaces, also Interval Timer and battery 
backup. Some diagnostic and system software is 
included. Maintenance and software backup (inc. 
FORTRAN) available from T.I. £1695 
PDP 8 /S, 4 K store, ASR33 Teletype - the system with 
very recent certificate of inspection by DEC. Software 
includes FOCAL & FORTRAN £895 
PRINTEC 100 ch /sec. PRINTER. Model 100. These 
units are a current model and are under a year old. New 
cost c.£2,000. Parallel TTL interface - other interfaces 
(incl. RS232) available from distributors £465 
ASR 33 Teletype, ASCII, etc. £275 

VIATRON VDU incorporating twin cassette units having 
high -speed bi- directional search facility. Maint., etc., 
available for these units £225 
G.E. High Speed Tape Reader in rack cabinet. With 
driver card for stepping motor. NEW £68 
HONEYWELL High Speed CARD READER. Installed 
1970 £225 
EAL Gamma Spectrometer. With tube. NEW £185 
Flexowriters, paper tape typewriters, from £50 
BURROUGHS E2100 ACCOUNTING MACHINE 

£165 
MEMODYNE Incremental Cassette Unit. NEW £225 
Quantity Honeywell Core Store available, also 
VIATRON Incremental Recorder P.O.A. 

COMPUTER APPRECIATION, Castle Street, Bletchingley Surrey RH1 4NX. GODSTONE (088384) 3106 
WW - 094 FOR FURTHER DETAILS 
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Attenuate w t 
Now with the latest additions to the range, you can select for ALL your needs from the following 

2100 Series: 
8 mode s covering impedances 
of 5052 75 Sc, 60052 unbalanced 
and 60052 ba anted. 0 -100dB 
in 1 dB steps. Frequency 
range D.C. to 250MHz. 
NEW 2100 stile Attenuators, 
5052 with 0.1dB steps to 10dB 
which may be combined with 
standard 1dB units on a 

common panel. 

'Q' Series: 
High accuracy Attenuators 
with low insertion loss.6 
Models covering impedances 
of 5052 End 7551 with 0.1dB, 
1.0dB and 10dB steps. 
NOW with frequency range 

extended to cov7.r D.C. to 
750MHz with increased 
accuracy Usefu to 1GHz. 

te: 

0 f..an 

°- 9 9 9 
g 2 

et,t.wrwN ten nao 

708 Series: 
Low cost rotary Attenuators. 
Models with 5052 and 7551 
impedance in 0.1, 1.0, and 
10 dB steps and frequency 
range to 100MHz. 
Combinationsof these units 
can be supplied in a robust 
case for laboratory use. 

AI taUAnO 

! !a IP !e !e O1 

C 20 20 28 

2n. 

'RV' Series: 
Ladder ne:work Attenuators 
suitable for controlling 
output signal levels where 
high acculecy is not 
essential. Separate units 
provide 1.J and 10dB steps 
and the tv-o units can be 

supplied mechanically linked 
as a tanden pair. 
Frequenct range to 150 MHz. 

'L' and 'S' Band 
Attenuators: 
Small. compact Attenuators 
with designed -in reliability. 
Fitted with SMA connectors 
'L' band units, 50 S 2, D.C. to 
2GHz,'S' band units 5012, D.C. 
to 4GHz. 1 watt power rating. 
'IL' Bend Attenuators with 1 dB 
end 10d6 steps can be supplied 
together n a case for labo-atory use. 

2050 Series: 
High discrimination 6005. 
balanced Attenuator with 
0.1 dB iicrements to a total 
of 121dB. Frequency rance 

DC to 1MHY.NEW 
14052 bzlareed Attenuatcr 
to similar design. O." dB d6 
incremelts -o 91dB. 

Send for full particulars of the complete range of Hatfield Attenuators 

HATFIEL 
forward thinking in electronics 

2010 Series: 
Rack mountirg programmable 
Attenuators providing 0.1dB, 
1.0áB and 10dB steps for 
use primarily In automatic/ 
computer -controlled test 
systems. Programming modes: 
111 4 -line compatible BCD, 
121 1 out of 10 line code 
(3) local front panel thumb 
wheel switches. 

HATFIELD NSTRUMENTS LIMITED, 
Burrington Wav, PI,1miuth PL5 3LZ, Devon. 

Telephone: PlymoLth (0752) 772773 
Telex: 45592. Srans: Sigjen, Plymouth. 

WW - 108 FOR FURTHER DETAILS 

ter 
(Dept. WW4), SIMMONDS ROAD .4113111..M. , MSM MOO 
Tl: 
WINCHEAPee 

(0227) 52436 
CANTERBURY, KENT 

CASED TRANSFORMERS TRANSFORMERS Housed m smart resin coated stee cases 

wdh 3 core power cable and outlet socket 
fused primary winding. Isolation ryoes 

e hoed with 3 -pin outlet sockets and are 

unable with 110 volt or 240 volt output 
1: -Ase state) Auto types are fitted won 

7 on flat style sockets up to 500 VA. 3 -pin - 

,rackets from 750 to 3000 VA Sae Auto. - 
anti isolation sections for prices Plug. - 

w.mx 

30 VOLTS See catalogue Ice 

PRIMARY 200/240Y full range 

SECONDARY 12.15. 2P. 24. 30Y 
AMPS Ref. mu Peel 

Na. C E 

0.5 112 2-04 0.61 

50 VOLTS See dialogue r, 
PRIMARY 200/240V full range 

SECONDARY 19.25. 33.40.504 

Bel Pout 

AMPS No. PRICE 5 

1 

I03 356 0.76 
2 104 5.30 0.65 

SAFETY ISOLATING = tafo °e Inn full range 

I',n 120 240V Sec 120/ 240V Centre Tap with screen 

PRICE 

PRICE 2In 9 1'-r 1 PRICE 
VA REF Cased Earth Open Post 

WAITS) No L i 
60 149 9 03 -0 98 4 70 0 71 
200 151 12 19 0 98 8 61 0 91 
750 152 13.81 0 98 10 31 1 18 

Sae catalogue fur 60 VOLTS 
full range 

PRIMARY 200/240V . 

SECONDARY 24.30.40 48. 60V 

RO Price Poe 

AMPS No. E E 

05 124 251 0.72 

I 126 3.75 0.72 
2 127 6.36 065 

cataloge for AUTO TRANSFORMERS 
See o 

re 

fu 
PRICE 

VA Ref PRICE ('lugs PRICE 
Watts) No Cased 2 5 3 pin Open Post 

L L 

1500 93 23.26 11.95 19.22 OA 

MINIATURE & EQUIPMENT See catalogue In, 
Primary 240V with Soren full range 

VOLTS IL1iAMPS REF MICE Peel 

Sec. I Sm. 2 Sec I Sec. Z No E E 

3-0.3 200 no 1.56 0.34 
04 04 500 500 234 1.56 0.34 

04 7.5 10193 1000 217 2.12 0.46 

90.9 - 100 - 13 140 0.31 

O9 D -9 330 380 235 1.62 014 

BRIDGE RECTIFIERS 
ONEAMP Pice FOURAMP Pain 
50 P.I V. 015 100 P.I.V. 0.66 

100P.I.V. 0.25 200P.LV. 0.59 
200 P.1.5 0.26 400 P.I.V. 065 
600 P.I.V. 0.30 600P.1.V 0.75 

PRO AMP Price SIX AMP Price 
50 P.I.V. 0.35 50 P.IV. 0.65 

100 P.I V. 0.40 100 P.I V. 0.70 
200P.I.V. 0.46 200P.I.V. OM 
400P.I.V. 0.40 400PJ.V. 0,9g 

>ank YAI N ell off-di 

12 and 24 VOLTS PRIMARY See catalogue for 

200 -240 Volts full range . 

AMPS REF MICE Foil 
I2V 24V No 0 f 

0.3 0.15 242 1i6 034 
0.5 0.25 III iee 046 

I 05 213 1.90 0.61 

2 1 71 247 0.61 

4 2 It 7.07 062 
d.50 6 3 70 072 

a 4 108 5.11 0.85 

SPECIAL OFFER! 
2 KVA ISOLATORS 

Fully impregnated & screened 

2 primary windings 110V etch 
2 secondary windings 115V each 

2 matching transformers) 

£29.50 plus cart &VAT. 

* PLEASE ADD a "/,. VAT ON ALL 

TRANSFORMERS a METERS 

NEW! 

2" AND 4" see catelogee mr 

PANEL METERS fu" range 

'5» 52E 60mm Wide x 45mm Nigh A, r 2122 I Ian. Moe x Ma Nigh 

x 40me Deep x 4344 Dup. 

NI Mime ere complete wall detectors Medren wide view. Price 2" 73.20 
Post 10g. Price 4" 54.00. Post IOp. Lamps top per eel. Plus 8', VAT 

NEW CATALOGUE 25p 

RADFORD HD250 
High Definition Stereo Amplifier 

A new standard for sound reproduction in the home! We 
believe that no other amplifiier in the world can match the 
overall specification of the HD250. 

Rated power output: 50 watts av .. 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 ( Tppically 0.01 % at 1 Khz) 

Hum and noise: Disc, -83d6V measured fiat with noise bend width 23 Khz (ref 
5mV); -88dBV "A" weighted (ref. Smv) 

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

Hear the HD250 at 

SWIFT OF WILMSLOW 
Dent WW 

5 Swan Street, Wilmslow, Cheshire (Tel. 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio. Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 
Also in stock: All Redford speaker drive units and crossovers, ZD22 preemp, Low 
Distortion oscillator 1003 and Distortion Measuring set DMS3. 
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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. 

Electronic Brokers Ltd . 

have fully equipped 
workshops on the premises to 
test and report on the majority 
of equipment we sell. 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Meter 3D 332 0.3- 1200KHe £250 
Level Meter 3D 335 10KHz -17MHz £300 
Level Oscillator 3W29 0 3.1200KMz £250 
Level Oscillator 3W516 , £300 
Carney Frequency Sweep measuring set up Type Rel 
32 M710 (to 15MHz) Comprising Level Oscillator 
Rel 3W 518 Level Meter Rel 3D 335 Sweep 
Attachment Re 3W 933 Tracing Receiver Rel 3D 
346 Used for measurement on earner telephone' 
equipment for coaxial systems le g V960. V1200 & 
V2700) and wideband radio relay systems le g 
FM600 FM900 FM18001 P.O.A. 

Octave Filter 74143A 37 5 --12 800Hz For 
analysing noise & mtederence on comms systems 
Particularly useful with Psophometer 74142 P.O.A. 
Selective Level Measuring Set 741848 60 -1364 
KHz £125.00 
Measuring Set 74831A P.O.A. 
Melhwan Test Sels 74166 E50- E65.00 
Noise Generator 74126 206,-4Kz £120- E200.00 
Selective Level Measuring Sets 748328 
50KH6800MHz 03.3V. 0 -600m V & dB scale 
60,0V- t 20mV FSD (adjustable) on dB scale Wal 
function also as Beat Frequency Indicator & es a Freq 
Deviation Meter Transistorised & Portable operates 
from an internal battery Impedente 75ohms £140.00 
White Norse Generator 742628 Measures basic nose 
& mtermodulatioo on multicircuit telephone systems 
(up to 960 cots.(rn terms of Norse Power RatioP.O.A. 
WANDEL 6 GOLTERMAN 
Level Transmitter TFPS 42 1OKHz -14MMz E375 
Level Meter TFPM 43 IOKHn.14MHe E375 
Wendel & Goltennan VZM 2 Distortion measuring set 
for phase and amplitude mod For multichannel FM 
Radio Systems up to 12MHz base bands E350 

PULSE GENERATORS 
ADVANCE 
Double Pulse Generator PG 56 Pulse Amplitude 
0 IV 10V Sq wave 010V Rise Time )onset 
(typically) E87.50 
Pulse Generator PG 55 P.O.A. 
Modular Pulse Generator Advance Type PG 52 
System of 5 Srgnal Generating & Processing Unos 
Repeutron begs up to 20MHz & Output Pulses to 20V 
(50ohms) Rise & Fall times 5nsec Its versatility enables 
the productron of complex pulse & ramp waveforms not 
obamable from pulse generators E250 
ADVANCE 
Pulse Generator PG55 P 0 A. 

SWEEP GENERATORS 
HEWLETT PACKARD 
Sweep Oscillator 692D 2 -406, Sweeps from start 
to stop fraq SPECIAL OFFER E300 
Sweep Oscillator 6938 4 -80 Hz 

SPECIAL OFFER £325 
Sweep Osyllator 693D 460M, E325 
JERROLD 
Sweep Signal Generator 9008 Central Fregs 
500KH61200MHz Sweep widths narrow as 10KHZ to 
400MHz wide 50ohms o p impedance £400 
M.E.S.L. 
Swept Snnal Sew, MH883 7 12 ',Gll; £480.00 

=NI 

SIGNAL SOURCES 
ADVANCE 
V H F Square v Generator SG21 
10 KHz- 100MHz Max 

a 

pe2V E35.00 
AIRMEC 
H F Srgnal Generator 201 30KH630MHz (7 bands) 
Ina Mal Calibrator o- p level variable luV -1V 75ohms 
Impedance Int Mod at 1KHz Es Mod 30Hz- 
10KHz E80- 115.00 
GENERAL RADIO 
Una Oscillator 12090 Freq 250- 920MHz A:curaey 
1% Dnh 0 2% Or pm to 50ohms- 150n,W supplied 
with Power Supply Type 1201 --0018 as 

I IUStrated £215.00 
Una Oscillator 12184 900- 2000MHz Power output 
of 200mW across band £140.00 
Una oscillator 1363 Spec on request £495.00 
HEWLETT PACKARD 
F M /AM Sq.! Generator 202H FM AM C W & 
pulse coverage 54 to 216 MHz R F or p 0 1 pV -O 2V 
50ohms Impedance E450 
Univerter 207H for use with above E100 
U H F Signal Generator 612A 450- 1200MHz [495 

V H F Sgnal Generator 608E 10- 480MHz (5 band) 
Accuracy - -05'X. orp 0.1pV -1V (variable) 50ohms 
In A M 400 & 1000Hz Es A M 20H,-20KHz 
Superb condmon £895 
Srgnal Generator 614A 900-2100MHz or p 
0 1.+V-0 2V 150ohms1 £395.00 
5 H F Sgrlal Generator 618C 2 87 6GHz : 1 

50ohms £550.00 
U H F Sgnal Generator 616A 1 8.4 2GHz £475.00 
MARCONI INSTS. 
F M A M Signal Generator TF 995A/ 3S Ministry 
type No CT402 1 5MHz- 220MHz R F o; p 
2pV- 200ntV. Internal S External Mod Facilities V 
good condmon E385 
F M 'AM Srgnal Generator TF 995A 5 1 5- 220MHz 
in 5 bands 0 1yV -200mV F M up to 120KHz from 
50H,-15KHz A M up to 50% from 100H610KHz 
o'p (1) 2pV -200mV (2) with terminating unit 
11íV -100mV Int rood fregs 400Hz. 1KHz & 1 5KHz 
Distortion (1) on internal F M - 25Hz (2) on internal 
A M 6% at 30% mod £300 to £450.00 
A M Srgnal Generator TF801 D' 1 Freq range 
10-470MHz R F output 0 111.1V Piston altenualor 
50ohms Impedance Modulation lot A M 1 KHz Eat 
A M 30 Ha20KHz Low spurious F M & drift 
V S W R 1 2 or less £400 -£800 
A M Sgnal Generator TF801 D' 1 S Magary Version 
10.485MHz E450 -£800 
R C Oscillator TF1370A 10H610M Hz Square Wave 
up to 100KHz High Outputs up to 31 6V E285 
Phase,A M Signal Generator TF 2003 
04 -12MMz £150 
A M Sgnal Generator TF 8018!35 12 485MHz 
OluV -1V £195.00 
R C Oscillator TF1101 Frequency range 
20HZ- 200KHz Output Direct into 6001)0.20V 
variable Anenuator 0.6dß in 10d13 steps Impedance 
6001) Drsiortron V. 1KHz Filter less than 0 1'% 
Dnect or oto Attenuator Less than 0 5's, 50H620KHz 
Less than 1% 206,-200KM, Superb condition E175 
U H F & S H F Srgnal Generator TF I056 
1600.4000MHz 0 luV -445mV 50ohms Impe- 
dance £295.00 
Heterodyne Generator TF 1 22 1 

2MH6 100MHz £45.00 
FM 'AM 4ignal Generator TF937: 1 CT320 
35K1-1618 3MHz As seen condition E80.00 
Portable Receiver Tester TF888 3 Freq 
70KH670MHz Xtal check 500KHz & 5MHz Output 

luV -10,V in I0dB steps 1KHz A F Oscillator e 
Power ranges 10mV t 00mal & 1W E70.00 
Wide range R -C Oscillator TF1370 Sine wave 
101-12.10MHz Square wave 106,-100KMz Daect 
outputs up to 31 6V Attenuator with 75ohms 
100ohme & 600ohms pane £110.00 

.Phase 'A M Signal Generator TF2003 
-04.12MHz £150.00 
V H F Mobile Radio Test Set. 7F1064B -5M E300 
Sgnal Generator TF144H '4 Late models in superb 
condition £500 to E650. 
AM . FM Generator TF99513r5 (Brand ne w -- 

used) £750 
MUIR HEAD 
L F Decade Oscillator D880A 2 phase 
001Ha- "1 2KHz £295.00 
Decade Oscillator D890A 1 Hz-1 1 2KHz £335.00 

.RADIOMETER 
Stereo signal generator SMG1C Full spec on request 

m Superb ndrhon E400 
AM /FM Generator Type MS27G E315 
RHODE & SCHWARZ 
Frequency Synthesiser Type XUC (BN4444661 c 
XSU Power Supply & Calibrator (Brand new 
condition) P.O.A. 
WAYNE KERR 
Video 'Oscillator 0 222 7K1-1Z -8MHz in 6 
ranges £75.00 
V -den Onillator 0 220 10 KHz10MHz £150.00 

OSCILLOSCOPES 
COSSO8 
CDU110 DC -- 20,MMHz c w CAM 111 Plug rn £245 
HEWLETT PACKARD 
Oscdlosarpe 140A c w 1415A time domain 
reflect ometer For testing of cables connectors 
striplines & transmission lines E750 
Sampling Scope 1858 DC -3 5 GHz £395.00 
Oscilloscope 175A DC50MHz Main Frame Et50.00 
Plug-Ins .warlable from £25- (55.00 
50MHz sngle channel 1 751 A Time Mark Gen 1 783 
Aux Pluq -In 1780A Display Scanner 1762A Sweep 
Delay Gen 1781B Dual Trace Ven Amp 1750A 
Delay Gen 1781A 
MARCONI 
T V Scope TF 22004:1 c w TV Dol plug in TM 
6457A E C -30MHz . (190 
Portable Scope TF2203 15M ht, Bandwidth DC 
coupled 50mV cm sensitivity £125.00 
SOLARINON t 
Portable ;cope DC-6MHz Double Beam E95 
CD 1014 3 DC -5MHz E90 
Portable Scope CO 1400 DC.15M ft Plug ins available 
Cx 1441 1443 E180 
Wide Band General Purpose Scope CD -1212 (Min 
Type CT4841 Plug ms CX1251 & CXI 252 £149.50 

HEATH KIT 
1012 a Scope Single Beam 50MV'cm DC-a 5MHz 
5" Tube Assembled Refurbished Our price E49.50 

REMAND 
25MHz Scope R 050 c w 5C Plug in E200 
25MHz Scope R 050A c w 5C Plug in E225 

TEKTRONIX 
Sampling Scope 661 c w plu ins £450 
453 DC -50MHz Solid state & portable £550 
Storage Scope 5648 with MOD 1 21 N Auto Erase c w 
3474 (4 trace) & 383 plug ins (Immaculate 
coedaion) E725 

VOLTMETERS 
ADVANCE 
778 Milhvoltmeter 501-164 5MHz 0 001V to 300V 
FSD Input Impedance 10Mohms E42 
Voltmeter VM 80 AV Volts 0 -500V Iranges 61 DC Volts 
01 5KV 7 ranges Resistance 0 I000Mohms £45 
DAWE 
Valve Voltmeter Type bI 3B 0 03 300V 
(RMS) £125.00 

ELECTRONIC 

BROKERS 

TEST 

EQUIPMENT 

CATALOGUE 

The most comprehensive catalogue of its kind 
ever compiled ie the UK. 
Send 50p towards printing, postage, e 
(Overseas customers E1) end a catalogue will 
be sent by return. 
Electronic Broken ltd. will then keep the 
catalogue updated by forwarding revision 
sheets free of charge. 

1- ELECTRONIC 
Imp A member of 

the EB group 
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thetestequipment people 
On these pages you will 

find just the briefest selection 
from the vast range which 
we hold in stock at any one 
time. 

If you are seeking a 

specific item and it is not 
listed, it will pay you to ring us 
first - we believe we offer the 
best prices and the best 
service. 
WORLD WIDt EXPORT. 

Enquiries and tenders 
welcome from any part of the 
world. 
HOW TO REACH US .. . 

We are easy to reach, no 
mater where you live. 
Minutes away from Kings 
Cross or St. Pancras main -line 
stations, and a bus ride from 
Euston; only just over half an 
hou- from Heathrow Airport. 
Parking is easy too. 

49-53 Pancras 
Road London 
NW1QB 
TeI:O1-837 7781 

York W.y ca, 

,IM'S MS M 
c ̀.6sSPt 

c 

4).:1-01 ' 41 

VOLTMETERS 
HEWLETT PACKARD 
DC Vacuum Tube Voltmeter 412A 1MV 100OV I 

Act u aiy Can also be used as 0 hnleter & 

Ammeter £75 
VTVM 400D 1mV tu 3(111V FSD 12 ranges 10Hz to 
4MHs 2', accuracy Input Impeders e 10Mohms E85 
VTVM 4001_ Logarithmic' version of 4000 Reads RMS 
value of sine wave Log voltage scale 0 3 to 'I & 0 8 tu 
3 Linear dB scale Input Impedance 10Mohms E90 
Vacuum Tube Voltmeter 410B Freq Range 
20HZ -700MHe AC1 -600V (6 ranges, DC 1V -1KV 
uhmeter 0 2 ohms to 5(10Mohms ¡7 ranges) Accuracy 

3 ' £65.00 
D C Microvoltommeter 425A Voltage range ve 8 

ve hour l OuA and scale to TV end scale II steps 1 

3 10 sequences Currant eve 8 -ve from 10pA to 
3oiA Amplifier Gain 1000 000 195.00 
Vacuum Tube Voltmeter 400H Frog Racage 
111Hz -4MHz Volts 1 OnlV -300V F S 112 ranges, 
Accuracy o 1" 150He- SOOKHzI -0 2, (20HZ 1 MHZ) 

AV Voltmeter 400E Solid state AC volts i 1V 3110V 
ES 112 ranges, Freq 10Hz -10MHz Accuracy 1 

MARCONI 
Senoitive Valve Voltmeter TF 1100 1005 300V AC 

Fiep coverage 1014, I0MO, Meter has dB scale 
facility 

u 
£85 

Valve Voltmeter TF 1041 B General Spec 0 300V Ar. 

(.1 KV DC Resistance up to 500Mohms 160.95 
Voltmeter No 3 CT 209 TF 958 AC 100mV 150V 
multiplier extends AC range In 1 5KV DC 

50mV,100V Freq Range 20íz 100MHz £55.00 
TF 2600 ,mused c0nd110n £175 
PHILIPS 
L F Milli voltmeter GM 6012 12 ranges I mV -300V 
dB scale 00 mehr Accuracy 79e 
50e 10(IKHa 2 Ti 100KHz -1 MHz 0 5 i Arnold, 
cation available 511 70 £65.00 
H F Millivnitmeter GM 6014 Measuring Ranges 
1inV- 300n,V in fi ranges At curacy at 30K Hz 3" of 
FSD 

- 
Amplitude Char 11Hz -3019, Hal within 

£55.00 
DC Microvollmeter GM6020 10..V 1KV Curren) 
1Il1A 10 -A Accuracy 5's (F'SD1 O 1011JV 3 (1501 
All other ranges Recorder n p facility 165.00 
SIGN ELECTRONICS 
A F Vollmeter AM324 £60 
SOLARTRON 
D C Digital Voltmeter LM 1 420 2 2 6..V -1 Kv in (i 

ranges 0 05 s DC accuracy 1235.00 
D V M Type L M 14 20 2 Ba DC true R M S & mean 

A C sensing Accurate m r espechve 
harmrtc thslurnn accuracy 

of 
0 25'. Frei( 

400070K Hz P.O.A. 

A C C.onverter 1M1210 300.1V 300V mean reading 
Freq range 10Hz10KHz P.O.A. 

D V M LM 1480 3 Autoranging versio 
n 

of LM 
1440 3 Mao reading 39999 5..V 2KV DC Full a e 

on request P. O.A. 
FLUKE 
Differential Voltmeter 821A For calibration testing 
stability measurements of regulated power supplies DC 

Voltmeter calibration SO 01'M, absolute accuracy 
infinite input resistance at null o e 0.500V 
range standard cell reference Polarity switch In line 
readout with autumalie lighted decimal No zero 
controls Usable as conventional VT V M (3 

FSDI £165 

ADVANCE 
Recorder Ca lihrator HC20 115.00 
AVO 
Valve Tester CT160 For testing of receiving & low 
power valves Mutual conductance Emission 
Electrode insulation & anode current can be measured 
Ministry approved £60.00 
AIR MEC /RACAL 
Wave Analyser 24BÁ 5.300MHz (195 -1300 
Wave Analyser 853 30KHa -30MHz Sensitrvily 1 ,V 
to 1V up to 20 MHz 4..V to 4V up to 30MHz 195.00 
Wave Analyser 248 Fnq Range 5MHz 
300MHz 190.00 
AIR MEC 
Modulation Meter 210 E75 to £100 
AMPEX 
F M Direct Recorder Reproducer SP 300 1 

Channels Speed 1't 3'a. 7'. 16 cps Freq respen , 
Instrumentation 500, 40Hz at. 15 cps Audi, 
50Hz 18KHz at 15 ins Speeiel offer E850 
BECKMAN 
Transfer Oscillator 75800 DC 15GHz with 

r 
oun , 

7 SMHz 15GHz wdhoul counter Sensitivity 100mV 
(R M S I E350 
BELL 
Gaussmeter Type 120 complete with Probes P.O.A. 
B &K 
Deviation Bridge 1505 P.O.A. 
BURNDEPT 
Battery Charger BE370 130.00 
B.P.L. 

F indri) ello Capacitance Bridge CB 154 -D O 
:.F 22 000.1 Freq 50Hz 135.00 
COSSOR 
Battery Charger CC 99 £15.00 
DECCA 
Power Supply for Noise Source MW 61 
GENERAL RADIO 
Immnance Bridge 1607A Immaculate Condition et 
Wooden Transd Case 11000 
Unit Null Detector 1212A 200, -5M61z Log Response 
with 12011B sacale P.O.A. 

HEWLETT PACKARD 
Distortion Ana'yser 331A 
Digital Recorder 560A 
Digital FOtcorder 5618 
MARCONI INSTS. 
Alenuator TF 10/3A 2S 
Distonios Fdctpr Meter DTI 2331 
lion 
Blank & Synr Mixer TF 2908 
Ouanuzarion Distu niun Tesler TF 2343 P.O.A. 
R F Power Meter TF 1152 1 (75 
0 Mecer TF 329G (200 

RADIOMETER 
Stereo signal Generator SMG 1 P 0 A. 
RHODE & SCHWARTZ 
Stereo Cade, MSCBN 4192 2 P. OA. 
Polysr:op Swuh II £1450 
Anenuator type DPR 7= 60 ohm!. BN 18047 P.O.A. 
TELONIC 
Sweep Generator SM 7000 c w Mug ITS E 3M S -6 & 
54M P.OA. 

E210 
E110 
(1 40 

(85 
Brand New Conch 

(300 
190 

STROBOSCOPES & 
TACHOMETERS 
STROBOSCOPIC 
TACHOMETER 

Two units irr one 
STROBOSCOPIC FL AS11 1,p it i 6 000 
flashes wer mimrte 
TACHOMETER 
SPEED FATE As 
.Move ACCURAC, 

3', better 
FLASH DURATION 
- Approx 10 to 

25 - HIGH 
IMPACT 'r CASE 
WEIGHT 2' nz 

2 Volts 

£49.50 

"TOUCH LESS" 
RETRO- REFLECTIVE 

TACHOMETER 
HPM I run. as 

'4 in ay' Fir., ranges away.' 
'1 1 000 3 000 10 000 
30 0,00 RPM Batley 

eced Mirror Scale 
Sr, ac y 1' of hull 

al. Posh hi irl,ln medley 

£89.50 
: 1 2 /0 

Send lin lull Iiteia 

MULTIMETERS 
MICROTEST 80 - I.C.E. 
20,000 OHMS, VOLT 40 
RANGES 

000 s Volt 4 000 ohm, 
Molt (AC, 1 urcuracy V Li- 
100mV 1 KV 16 Ranges) VAC 
r 5V to 1KV 15 Ranges) I DC 50.A 
Ica 5A 16 Ranges) 1 AC 250.A n 
2 5A (5 Ranges) Ohms _ow ohms ohms x 1 ohms x 
10 ohms x t00 Powe, Output Measurements 1 5V 
to 1000V 15 Ranges) + 6dB to 62de (5 Ranges) 
Capacitance 25_F to 25 000 _F 14 Ranges) 1.000 
nines overload protect on on ohm ranges) Meter 

vein ent diode protection Size (Without case) 90 x 
18 'o ,.i Electronic zero non -parallax mirror 

,,Io UnIcre ak al a, carryrnq case and probes supplied 

Price £11.95 
11, ; '.1,11 VAT at 84. I.1 00 SEND TOTAL 

SUPERTESTER 
680R - I.C.E. 
20.000 OHMS /VOLTS 80 

RANGES 
20 000 ohms Voll I 

., 
D C 2 

A C V DC 100mV Io 2KV 113 
Ranges) V AC 2 to 2KV 11 1 Ranges) 

I Ll St, .A rit I tlA (1 2 Ranges) I AC 250..A to 5A 110 
Ranges, R .1 . 100 01 000 x 10 000 and Low 
o5015 Detector Reactance 0 10 M ohms Freq 
Measurement 0.5 0(10 Hz 12 Rangesl Power Output 
10.7 0005 IS Ranges) Decibels -24 - 70 dB (10 
Ranges) Capacitance 0 500 000 pF 12 Ranges using 
mains tr supply) 0 -20 000 ..F 14 Ranges s1ng internal 3 

Volt battery) 1 000 times overload pmtechoe on ohms 
tangos and meter movement diode protection 10 
Fields of Measurement t and 80 ranges Size 128 x 95 
o 32 n w Non parallax n scale Unbreakable 
,crying tri supplied which wcontains probes mains 
lead crocodile rhp5 aryl shorting link 

Price £18.50 
o a, r. .1 54 SEND TOTAL 

ACCESSORIES FOR 680R 
AND MICROTEST 80 (EXTRA] 

I' denotes dent not usa0 a on Micrutest 801 
AMBERCLAMP A C 2 5A to 500A 16 Ranges) 3% 
£11.95 H.V. PROBE MOD. 18 25KV (MAX) I 

Z =500 M ohms INOn11 (5.95 LIGHT METER 
PROBE MOD. 24 2 20,000 Lux £11.95 
'RESISTANCE MULTIPLIER MOD. 25 Muthplyang 
Factor x 100 000 R Range (with 68091 O f 00M 
£5.95 'GAUSSMETER PROBE MOO. h 0.15 
Kilogauss £11.95 PHASE SEQUENCE INDICATOR 
MOD. 28 100.400V (A C 1 5060 Hz £5.95 O.C. 
CURRENT SHUNTS MOD. 32 SERIES 10A 25A. 
50A and 100A £4.50 each TEMPERATURE PROBE 
MOD. 36 -50 C to +700 C 111.95 SIGNAL 
INJECTOR MOD. 63 Basic O P Fregs 500KHa and 

I KHz £5.95 CURRENT TRANSFORMER MOD. 
616 250mA to Io0A £7.00 

Add 50p Post & Packing plus 
VAT (8's I to an 

0511 1 1005 

BROKERS LT 
Carriage and packing 
charge extra on all items 
unless otherwise stated. 

Please note: All instruments offered are 
secondhand and tested and guaranteed 1 2 
months unless otherwise stated. 

WW - 106 FOR FURTHER DETAILS 
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packs given in our FREE LIST 

r/and Portugal Mozambique Belgium Sumatra 

Bahrain Singapore Thailand Iceland Brazil Sweden 

POWERTRAN 
Germany Iran Jamaica St. Kitts Tunisia 

INCORPORATING 

ELECTRONICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

By J. L. Linsley Hood 

Pack Price 
1. Fibreglass printed- circuit board for power amp £0.85 
2. Sel of resistors. capacitors. presets for power 

amp E1.70 
3. Set of semiconductors for power amp E6.50 
4. Pair of 2 drilled. finned heat sinks £0.80 
5. Fibreglass printed -circuit board for pre -amp £1.30 
6. Sel of low noise resistors. capacitors. pre -sels for 

pre -amp E2.70 
7. Sel of low noise. high gain semiconductors for pre-amp 

E2.40 
8. Set of potentiometers (including mains switch) £2.05 
9. Sel of 4 push-button switches. rotary mode 

switch £3.70 
10. Toroidal transformer complete with magnetic 

screen /housing primary: 0 117 -234 V: secondaries: 
33 -0-33 V. 25-0-25 V E9.15 

Pack Price 
II. Fibreglass printed-circuit board tor power 

supply £0.65 
12. Set of resistors. capacitors. secondary ruses. 

semi -conductors for power supply E3.50 
13. Set of miscellaneous parts including DIN skts. mains 

input skt. fuse holder. inter -connecting cable. control 
knobs E4.25 

14. Set of metalwork parts including silk screen printed 
lascia panel and all brackets. fixing parts. eIc.E6.30 

15. Handbook £0.30 
16. Teak cabinet 18.3" o 12.7" x 3.1" E9.85 

2 each of packs I -7 inclusive are required for complete 
stereo system. Total cost of individually purchased 
packs £72.25 

designed in response tit 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 `r "w ,,,.f 
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, anached 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. 

A 

In Hi -Fr News there was published by Mr. Linsley -Hood a series of four 
articles (November, 1 972-February. 1 973) 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 £62.40 
WIRELESS WORLD FM TUNER 

Wireless World Amplifier Design 
Full kits are not available for these protects but component packs and PCBs are stocked for 
the highly regarded Bailey and 20W class AB Linsley Hood designs, together with an 
efficient regulated power supply of our own design. Suitable for 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 
6OVS Pk 2 Resistor, Capacitor set 
6OVS Pk 3 Semiconductor set 
60VS Pk 6A Toroidal transformer (for use with Bailey) 
60VS Pk 68 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 
Active_ Filter 
FILT Pk 1 F /Glass PCB 
FILT Pk 2 Resistor. Capacitor set (metal oxide 2%, polystyrene 21/2 i 1 

FILT Pk 3 Semiconductor set 
2 off Pks 1, 2, 3 rqd. for stereo active filter system 

Read /Texas 20W Amp. 
READ Pk 1 F /Glass PCB 
READ Pk 2 Resistor, Capacitor set 
READ Pk 3 Semiconductor set 
6 off pks 1, 2. 3 required for stereo active filter system. 

Stuart Tape Recorder 
TRRP Pk 1 Replay Amp F /Glass PCB 
TRRC Pk 1 Record Amp F /Glass PCB 
TROS Pk 1 Bias /Erase /Stabilizer F /Glass PCB ... 

Further details of above and additional 

£1.00 
E2.35 
£4.70 

£1.05 
£3.20 
E3.35 

£0.85 
E1.95 
E3.10 
£7.95 
E7.25 

E2.35 
E6.10 
E2.40 
E2.70 

Pack Price 
I. Fibreglass printed board tor front end IF strip, 

demodulator. AFC and mute circuits £2.15 
2. Sel of metal oxide resistors. thermislor, capacitors. 

cermet preset for mounting on pack I E4.80 
3. Sel of transistors. diodes. LEO. integrated circuits for 

mounting on pack I £6.25 
4. Pre -aligned front end module. coil assembly. three 

section ceramic filler £8.80 
5. Fibreglass printed circuit board for stereo decoder 

E1.10 
6. Sel of metal oxide resistors. capacitors. cermet preset 

for decoder E2.60 
7. Set of transistors LED, integrated circuit for decoder 

E3.45 
8. Set al 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 tuning potentiometer, knobs 

E5.30 
10. Frequency meter, meter drive components. fibreglass 

printed circuit board E8.60 
II. Toroidal transformer with electrostatic screen. 

Primary. 0- 117V -234V E4.45 
12. Sel of capacitors. rectifiers. voltage regulator for 

power supply £2.95 
13. Sel of miscellaneous parts. including sockets. luse 

holler, fuses. interconnecting wire. etc. E1.50 
14. Set of metal work parts including silk screen printed 

facia panel, acrylic silk screen printed tuning 
indicator panel insert. internal screen. fixing parts, 
Mc. E6.50 

15. Construction notes (free with complete WO £0.25 
16. Teak cabinet 182" x 12.7" a 3.1" E9.85 

One each of packs 1 -I6 inclusive are required for complete 
stereo FM tuner. Total cost of individually purchased 
packs £76.85 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £66 7 5 
PRICE STABILITY! 

£1.05 Order with confidence! Irrespective of any price changes we will honour all 
E4.20 prices in this advertisement for two months from issue date provided that this 
£2.65 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 

£0.70 are fibre -glass, drilled, roller tinned and supplied with circuit diagrams and 
£1.10 construction layouts. 
£2.40 U.K. Orders: Subject to 25% 'Surcharge for VAT. Carriage free MAIL ORDER 

ONLY ('or at current rate if changed). 
Securicor Delivery: For this optional service (Mainland only) add £2.50 VAT 

£1 10 inc. per kit. 

£1.70 Overseas Orders: No VAT. Postage charged ail actual cost plus 50p packing and 
E1.20 handling. 

DEPT. WW 04 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 

www.americanradiohistory.com

www.americanradiohistory.com


121 
Wireless World, April 1976 

Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius St. 

to AUDIO KIT SUPPLIERS TO THE WORLD 

T20+20 and our new T30+30 
20W, 30W AMPLIFIERS 

Pack T20 T30 Pack 

I Set of low noise resistors 0..95 I.05 8. Toroidal Iranslarmer - 2408 prim. 

2. Sel of small capacitors 150 2.10 es. screen 

3. Set al power supply capacitors 1.40 2.05 9. Fibreglass PCB 

4. Set of miscellaneous pans 1.90 1.90 10. Set of metalwork. fixing parts 

5. Set of slide. mains. P.B. switches 1.20 1.20 11. Set of cables. mains lead 

6. Set of pets. selector switch 2.00 2.00 12. Handbook ¡free with complete kill 
7. Set of semiconductors. ICs. skis... .. 7.25 7.75 13 Teak cabinet 15.4" e 6.7" x 2.8" 

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 adjustable pre -set 
push -button controls and LED tuning indication. Individual pack prices in 

our free list. 

POWERTRAN SFMT 
This easy to construct tuner using our own circuit design includes a 

prealigned 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. 

c 
CQ 
Iy 

0_ 

Designed by Texas engineers and described in Practical Wireless the Texan was an immediate success.D 
Now developed further in our laboratories to include a Toroidal transformer and additional N 
improvements, the shmline T20 + 20 delivers 20W per channel of true Hi -FI at exceptionally low cost. O 
The design Is based on a single F /Glass PCB and features all the normal facilities found on quality CD 

amplifiers, including scratch and rumble filters. adaptable input selector and head phores socket. In a D 
follow up article in Practical Wireless further modifications were suggested and these have been V) 

incorporated Into the T30 + 30. These Include RF interference filters and a tape monitor facility 
Power output of this new model is 30W per channel. 

T20 

4 95 
2 50 
4.20 
0.40 
0.25 
4.50 

T30 

6.80 
2.90 
4.80 
0.40 
0.25 
4.50 

KIT PRICE 

FREE TEAK CASE WITH FULL KITS 

KIT CPRICE only £28.25 
KIT PRICE only £32.95 

- llf-t 1tllltltlllll1111 
I11t , 11111 llllillltl E9 

£47.40 

KIT PRICE 

o 

£32.60 
CONVERT NOW TO QUADRAPHONICS 

KIT PRICE £37.115 

SEMICONDUCTORS 
as used in our range of quality audio equipment. 

2N699 £0.20 BC212K £0.12 MPSA65 £0.35 
251613 E0.20 BC1821 £0.10 MPSA66 £0.40 
251711 £0.25 BC184L £0.11 MPSUO5 E0.60 
252926G £0.10 BC212L E0.12 MPSU5S £0.70 
253055 £0.45 8C2141 £0.14 SBA7504 £2.50 
2N3442 E1.20 13CV72 E0.13 SL301 E1.30 
253711 £0.09 62529 £0.85 SL3045 £1.60 
2N3904 £0.17 60530 E0.85 5572741P E0.40 
2N3906 £0.20 80056 £1.60 S572748P £0.40 
2N4062 0.11 BF257 £0.40 TI1209 £0.30 
2N4302 0.60 00259 £0.47 TIP29A £0.50 
255087 £0.42 BFR39 E0.25 TIP30A £0.60 
255210 E0.54 BFR79 E0.25 TIP29C £0.71 
2N5457 £0.45 BF1'51 E0.20 TIP30C £0.78 
2N5459 £0.45 BFy52 E0.20 TIP41A £0.74 
255461 £0.50 CA3046 £0.70 T1P424 £0.90 
255830 £0.35 LP1186 E5.50 111,418 £0.82 
40361 £0.40 MC1310 E2.90 TIP42B £0.98 
40362 £0.45 MC1351 E1.05 15914 £0.07 
BC107 £0.10 MFC4010 £0.95 15916 £0.07 
BC108 £0.10 MJ481 E1.20 15920 £0.10 

BC109 £0.10 M:J491 E1.30 5805 £1.20 
BC109C £0.12 MJE521 E0.60 
BC125 E0.15 MPSA05 £0.25 FILTERS 
BC726 E0.15 MPSA12 £0.55 FM4 £0.80 
BC182 E0.10 MPSA1a £0.35 SFG10 7MA E2.80 
8C212 £0.12 ' NIPSA55 £0.25 
BC182K E0.10 

With 100s of titles now available no longer Is there any problem 
over suitable software. No problems with hardware either. Out 
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 she power and tone control sections are 
identical to those used in our T30 + 30 amplifier which the 
SQM1 -30 matches perfectly. Kit price includes CBS licence fee. 

Specie! offer to T20 + 20 and Tolson owners! 
Owners of 120 + 20 and Texan amplifiers. which have no tape 
monitor outlet, purchasing an SQM1 -30 will be supplied, on 
request, a free conversion kit 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 

Feed 2 channels (200- 1000mV as obtainable from most pre -amplifiers or amplifier 
tape monitor outlets) into any one of our 3 decoders and take 4 channels out with no overall signal level 

reduction. On the logic enhanced decoders Volume. Front -Back, LF -RF balance. LB -RB balance and Dimension 

controls can all be implemented by simple single gang potentiometers. 
These state-of-the-art circuits used under licence from CBS are offered in kits of superior quality with close tolerance 

capacitors, metal oxide resistors and fibre -glass PCBs designed for edge connector insertion. All kit prices include 

CBS licence fee. 
Ml. Basic matrix decoder with fixed 10 -40 blend. All components. PCB £5.90 
Li. Full logic controlled decoder with 'wave matching' and "front back logic.. for enhanced channel separation. All 

components PCB E17.20 
L2A. More advanced full logic decoder with "variable blend" extended frequency response. Increased front back 

separation. All components, PCB E24.60 

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. \rD 

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla ° 
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NEW PRODUCTS 
PROTO BOARDS . ,aay - "- 

+M: 
Budd R u -s1 rrx uns as last as you ihmkt 

P0100 10 IC cap breadboard kit 4 5 x 6 0 a 1 3" £1745 
P8101 1014 -DIP cap. 5-way post 940 solderless 

re points. 5 8 s 4 5" E26.16 
P8102 12 14-DIP cap like P.8101 with 1 240 he 

,8103 
points. 7 0 a 4 5" £34.90 
24 14 -DIP cap 4 5,way posts 2 250 he 
points 6 0 a 90' E52.35 

P8104 32 14 -DIP rap 3 060 solderless he points 
80 x 9 76" £89.80 

HIGH -SPEED 
S674E151 0.36 00.35 0.33 TIM SN74H53 0.36 0.35 0.33 

" SN74H54 0.36 0.35 0.33 1 . 3 

0.30 
. 

SN 741100 0.34 0.33 0.30 $674M 55 0.36 0.35 0.33 
SN 741401 0.34 0.33 0.30 SN74H60 0 -36 0.35 0.33 
5N74H04 0.38 0.37 0.34 SN74H61 0.36 0.35 0.33 
SN74H05 0.37 0.36 0.33 SN74H62 0.36 0.35 0.33 
SN74H08 0.40 0.39 0.37 SN74H71 0.80 0.78 0.75 
SN74H10 0.36 0.35 0.33 SN74H72 0.74 0.73 0.70 
SN74H11 0.36 0.35 0.33 SN74H73 0.90 0.88 0.85 
SN74H2O 0.36 035 0.33 SN74H74 0.87 0.85 0.81 
SN74H21 0.36 0.35 0.33 SN74H76 0.90 0.88 0.85 
SN74H22 0.36 0.35 0.33 SN74H101 0.80 0.78 0.75 SN74H30 0.36 0.35 0.33 SN74H1011 0.80 0.78 0.75 
SN 74040 0.36 0.35 0.33 SN74H103 1.10 1.09 1.05 
SN /41150 0.36 0.35 0.33 SN/4H106 0.95 0.93 0.90 

HIGH -BRIGHTNESS L.E.D.s 
.200" die. .125" die. - 

100+ 100+ 
ED5053 = RED 20p ED209 = RED 13p 
E05053Y = YELLOW 20p ED209Y - YELLOW 19p 
ED5053G GREEN 20p ED2090 = GREEN 19p 
ED50530 = ORANGE 20p OC -1 = CLIP FOR ED5053 35,p 

STANDARD 
MICROSYSTEMS 

1 -up 25 -up 100 -up 
COM2502 0660 15.30 E350 62 
COM2502P 04.65 03.95 E3 50 
COM201 7 E7 05 06.0C E5 00 
COM ?017P E4 75 E4.15 . E3 75 
CL,M2502H E12 80 El 1. 25 £10 30 
COM2017H E12 80 El 1.25 E10 30 
C0M2601 El 640 L 14.25 E 1 3 15 
COM5016 £6.70 E6. 15 05 60 
KR2376.ST it 1.50 E9.20 E8 19 
KR3600 -ST E1200 E10.20 E925 
1:MX',010 £6 70 E6 15 £5 55 

LOGIC MONITOR PROTO -CLIP 
Simultaneously display.s Fnt power on hands o11 

dynamic static and dynamic logic signal vacrng Bring IC 
slates of DTL TTL HIL or leads up from PC board - 

CMOS DIP ICS Pocket sae surface for lass trouble l 
LM 1 59.95. shooting 

PC14 14 pin 63.25 
PC16 16.pin E3.40 

SOCKETS & BUS STRIPS 
Plug in yore test modify or expand without paten 
cords or solder Snap together to form breadboard 
needed 
PN /Description 

LOW -POWER 
TTL 

5 100+ 
SN74L00 0.34 0.33 0.30 
q N74L02 0.34 0.33 0.30 
SN74103 0.39 0.37 0.34 
5574104 0.39 0.37 0.34 
SN74L10 0.34 0.33 030 
SN /4L20 0.39 0.37 0.34 
,N /41.42 1.62 1.58 1.50 
,N 74L51 0.34 0.33 0.30 

74 071 0.68 SN 74173 0.74 
5574174 0.89 0.87 0.80 
SN 7419.1 1.62 1.58 1.50 
557415 "` 1.74 1.71 1.65 
1574195 1.62 1.58 1.50 

WIRELESS WORLD 

TELETEXT 
DECODER 

1024 -bit Static 
N- Channel Ram 
Type 2602 B 

1000 n1, 
( ) 

i 6-pin Moulded Dip 

£2.75 each - 

- 

' 

Noe. -to Price 
GT 59S 1.3" -Hoe. T.rml. 
Socket 65" 62" 110 E70.90 
OISYB Bus 6 b" 6 2" 20 (2.20 
014 IS 
Socket 53" 50 94 E8.75 
01.. B Bus 5 3" 50' 16 6200 . 

Q .55 
Socket 41" 38" 70 E745 
0013' 51 Bus 41" 3 8" 12 £1.75 

Socket 2 4" 2 1" 36 £4.15 
'I 0T 1 ,'5 

Socket 1 8' 1 5" 24 E3.30 
018 kel 1 4" 1 1" 16 £2.85 

INTERFACE 
MODULES 
CY 1010 Instr 4nip Bipolar input £31.98 
CY1011A Inset Amp Bipolar Input E31.90 
CY 1010 Inch Amp FET Input E22.00 
Cyi021 Imp Amp FET Input (31.90 
CY1021A Instr Amp FET Input E38.50 
CY21 37 DAC 10 Bit Low Dnh -- E30.80 
CY2218 DAC 12 Bit 2 Quad Multiplying £96.80 
CY2237 DAC 12 8n Low Doll E46.20 
CY2 735 SAC 4 Digit BCD Low Cost E57.75 
CY3035 ACD 8 Bd Sect Counting Low Cost E57.75 
CY3635 ADC -3 Dig -I BCD Sr -ri Cnunl Low Cost E77.55 

WAVEFORM GENERATOR KITS 

Here s a highly versatile insirumenl at 
a fract.nn of the coot of convenhun.r' 

OR-205K une includes two 56205 IC s 

£12.30 data b ,pplrcatrons PC board (etched 
6 drill d ready for assembly) air.I 
detailed instructions 

roc 
0175 Sacker 1 3" 10" 14 E2.65 

7400 Series TTL 

2` IU t1. SN 7494 0.48 7.45 0.40 
SN7400 0.14 0.13 0.12 SN7495 0.60 0.56 0.50 
SN7401 0.14 0.13 0.12 SN7496 070 0.67 0.60 
SN7402 0.14 0.13 0.12 557497 2.90 2.50 2.35 
Sá7403 0.14 0.13 0.12 SN74100 1.35 1.30 1.25 
SN 7404 0.15 0.14 0.13 SN 741J4 0.31 0.29 0.26 
SN7405 0.15 0.14 0.13 SN74105 031 0.29 0.26 
SN7406 0.30 0.29 0.28 SN74107 0.31 0.29 0.26 
SN7407 0.30 0.29 0.28 5574109 1.00 0.97 0.95 
$57408 0.15 0.13 0.12 SN 74110 0.55 0.50 0.41 
SN 7409 0.15 0.13 0.12 5674111 0.81 0.80 0.76 
SN7410 0.14 0.13 0.12 55/4114 1.00 0.97 0.95 
5N741 t 0.23 0.22 0.21 SN74115 1.00 0.97 0.95 
SN7412 0.19 0.29 0.28 5574118 1.00 0.95 0.90 
567413 0.71 0.70 0.69 SN74122 0.41 0.41 0.37 
567414 0.31 0.29 0.69 SN74122 0.44 0.41 0.37 
SN 7415 0.30 0.29 0.27 SN 74123 0.62 0.58 0.50 
SN7416 0.28 0 -27 0.26 5574125 0.70 0.65 0.60 
557417 0.28 027 0.26 SN 74126 0.75 0.70 0.65 
SN 7420 0.14 0.13 0.12 SN 74178 1.40 1.35 1.30ral6tll 
SN7421 0.95 0.94 0.93 SN 74132 2.10 2.05 2.00 
SN 7422 0.25 0.24 0.23 SN74136 0.95 0.90 0.85 
SN7423 0.26 0.25 0.22 SN74140 2.50 245 2.40 
557425 0.26 0.25 0.22 SN 74141 0.75 0 70 062 

4145 1.,5 1.10 56 7426 0.26 0.25 0.22 5 1.05 
567427 0.26 0.25 0.22 SN6/14147 2.95 2.90 
SN 1428 0.39 0.38 0.37 SN 74148 2.30 2 -25 2.20 
SN7430 0.14 0.13 0.12 55/4150 1.35 1.30 1.25 
SN7432 0.25 0.24 0.22 SN74151 0.68 0.62 0.55 
SN7433 0.36 0.35 0.34 5N74152 1.55 1.50 145 
SN 7 437 0.27 0.26 0.22 SN 74153 0.68 0.62 0.55 
519 743P 0.27 0.26 0.22 SN 741 Sa 1.55 1.50 1.45 
557439 1.10 1.08 1.06 SN74155 0.68 0.62 0.55 
S67440 0.14 0.13 0.12 SN74156 0.68 0.62 0.55 
SN7441 0.70 0.69 0.66 51974157 0.90 0.85 0.80 
SN7442 0.63 0.60 0.53 SN74158 1.50 1.45 1.40 
SN 7443 1.00 0.99 0.90 SN 74160 0.95 0.90 0.80 
SN 7444 1.08 1.07 1.05 SN 74161 0.95 0.90 0.80 
SN 7445 0.85 0.83 0.70 SN74162 0.95 0.90 0.80 
567446 1.03 1.00 0.85 SN74163 0.95 0.90 0.80 
SN 7447 1.03 1.00 0.85 SN 74164 1.60 1.55 1.50 
557448 0.85 0.83 0.70 $574165 1.60 1.55 1.50 
557450 0.14 0.13 0.12 SN74166 1.40 1.30 1.15 
SN 7451 0.14 0.13 0.12 SN 74170 2.40 2.30 2.20 
1,51453 0.14 0.13 0.12 5574173 1.65 1.60 1.55 
SN 7454 0.14 0.13 0.12 SN/41 74 1.15 1.10 1.00 
$N 7455 0.40 0.39 0.38 SN /4175 0.97 0.90 0.80 
SN7460 0.14 0.13 0.12 55141;6 1.10 1.05 1.00 
SN7462 0.45 0.44 0.42 SN I4177 1.10 1.05 1.00 
557464 0.45 0.44 0.42 5514180 1.10 1.05 1 JO 
SN7465 0.45 0.44 0.42 55/4181 3.50 3.45 3.35 
$57470 0.30 0.27 0.25 5574182 1.10 1.05 1.00 
SN7471 0.60 0.59 0.58 5674184 1.60 1.55 1.50 
SN7472 0.25 0.24 0.21 5N .1':' 2.30 2.2, 2.20 
SN 7473 0.30 0.27 0.26 SN/4188 4 90 4.85 4.80 
557474 0.31 0.29 0.26 067414,1 1.75 1.70 1.65 
SN 7475 0.40 0.39 0 -38 5N /4191 1.70 1 -65 1.60 
SN74/6 0.31 0.29 0.26 ' '' i'97 1.25 1.05 1.00 
SN7410 0.43 0.43 0.31 '74 1.10 1.05 1.00 
SN 7480 0.43 0.41 0.36 iva 1.10 1.05 1.017 
SN7487 1.00 0.95 0.90 195 0.90 0.85 0.80 
67481 0.75 0.70 0.62 .l 96 1.05 1.00 0.95 

- ,57483 0.81 0.80 0.68 ti 105 1.00 0.95 
-N 7484 0.90 0.86 0.85 ) 'ih 2.05 2.00 1.70 
,,'485 1.25 1.15 1.00 'w 2.05 2.00 1 70 
.-.-Al 1406 0.31 0.28 0 25 6 00 5.95 5.80 
'-5/489 3.50 3.20 3 -00 '., 1.80 1 75 1.70 
SN /ego 0.45 0.42 0.35 1.80 1 75 1 70 
-N /491 1 00 0.95 0.90 .: i8 3.00 2.90 2.80 
,N L492 0.45 0.42 0.35 ,. 79 1.20 1 15 110 
,5!49:; 0.45 0.42 0.35 . -1. 93 1.00 0 95 7 90 
- . 1:'118 2.60 2 55 2 nn 

. the Function Generator Kit features 

^ 
l 

, -. 

iruacnoaí 'ss M 

sine. trianu, 
and square wave THO 0 5% typ. AM /FM 
capability 
XR- 2206KA FUNCTION GENERATOR KIT 

E11.50 
Includes morlolnhic luncbon generator IC ,C C -MOS Types 
board and assembly manual 
XR- 2208KB FUNCTION GENERATOR KIT 1 25 100+ 0.46 0.37 0.31 40334E ,r 

E16.00 IKr'acaaraa 
and 

4000AE 0.17 0.14 0.12 4033AE 0.14 0.92 0.74 
--- ---- '-- ---" -" "- Same as KR l20bKA above nrludes 4001ÁE 0.17 0.14 0.12 4035ÁE 0.97 0.78 0.84 components for PC board 4002AE 0.17 0.14 0.12 4040AE 0.88 0.71 0.58 

4004AE 1.93 1.55 1.64 4041AE 0.69 0.56 0.46 
PICO -PAC Volts inn 

4006ÁE 0.97 0.78 0.64 4042ÁE 0.69 0.56 0.46 
4007ÁE 0.17 0.14 0.12 4043ÁE 0.83 0.67 0.55 

THE SMALLEST 8 140 
4008ÁE 0.79 0.64 0.53 4044AE 0.77 0.62 0.51 

AC /OC POWER 0 115 

SUPPLY EVER! 
10 100 4009AE 0.46 0.37 0.31 4047AE 0.74 0.60 0.50 
12 90 4010ÁE 0.46 0.37 0.31 4048ÁE 0.46 0.37 0.31 .rte! -. THE SMALLEST 15 70 4011AE 0.17 0.14 0.12 4049AE 0.46 0.37 0.31 It ' REGUC47ED 18 50 40t2AE 0.17 0.14 0.12 4050AE 0.46 0.37 0.31 

AC /DC POWER z2 25 4013ÁE 0.46 0.37 0.31 4051 AE 0.77 0.62 0.51 
SUPPLY EVER, ;4 !', 4014AE 0.83 0.67 0.55 4052ÁE 0.77 0.82 0.51 
£16.00 each 

- 
4015AE 0.83 0.67 0.55 4053AE 0.77 0.62 0.51 

PREMIUM QUALITY 
COMPONENTS 

We've been buying and selling 
to quality components for Pq tY Po FIRST 
nearly ten years. We handle only 

QUALITY original pans, from the world's 
leading manufacturera and our ONLY customers include some of the 
largest and most 9 
quality-conscious companies. 
Now you can take advantage of 
our component buying skills and 

4016AE 0.46 0.37 0.31 4055AE 1.08 0.87 0.72 
4017ÁE 0.83 0.67 0.55 4056ÁE 1.08 0.87 0.72 
4018ÁE 0.83 0.67 0.55 4060ÁE 0.92 0.74 0.61 
4019ÁE 0.46 0.37 0.31 4066ÁE 0.58 0.47 0.39 
4020AE 0.92 0.74 0.61 4069AE 0.18 0.)5 0.12 
4021AE 0.83 0.67 0.55 407tAE 0.18 0.15 0.12 
4022ÁE 0.79 0.64 0.53 4076ÁE 1.27 1.02 0.85 
4023AE 0.17 0.14 0.12 4081AE 0.18 0.15 0.12 
4024ÁE 0.64 0.52 0.43 4510ÁE 1.27 1.02 0.85 
4025AE 0.17 0.14 0.12 4516AE 1.27 1.02 0.85 
4026AE 1.42 1.14 0.94 4518AE 1.82 1.46 1.21 
4027ÁE 0.46 0.37 0.31 4520ÁE 1.82 1.46 1.21 
4028AE 0.74 0.59 0.49 4901AE 0.35 0.32 0.30 
4029AE 0.94 0.76 0.63 4911AE 0.35 0.32 0.30 

veer and select from a broad 
range of advanced circuits. ADTECH POWER SUPPLIES 

Output 
-- V dc Amps Paces 

- 

RED BARON SERIES: S to 26V/0.8 to 3.0 Am o. mil RIM ÁP$5 3 
ÁP1, 

15-1 
6 

1 

r 
IIABrbr -. APS 15 -1 5 15 1 5 

me ttmkt.. APS 24-1 24 10 x22 

- 28 ii 
/ AP$ 28-0 8 

Powered GREEN HORNET SERIES: 5 to 28V/2 to 6 Amp.. 

Watch t f576 
is ÁP5114 1? 7 r.,r c.,,rxy- 

APS24 -3 14 3 135 
L, " ° - APS24 -22 24 2 2 WIiII ÁP$28 -2 28 

100 -YEAR .1'T . . [r.y lum 
CALENDAR APS12 -/ 12 '7 

- 

6p 4w. APS1 5 -6 15 6 E54 
- -: APS24-5 24 5 

APS2P 4 ?A 4 
Solar cells draw power from the sun (10 to 15 minutes day) 1 per or o 
emblem Itgh1 (slightly longer) to keep bananas fully charged. Batteries BLUE MAX SERIES: 5 to 28V/9 to 25 Amp.. 
operate up to 10 year. LSI circuitry is programmed to provide a APSS -25 
calendar to the year 2100, automatically adjusting for 30 and 31 day APS6-22 5 22 

'LS' and 'S" Series TTL also 
available 

months. even leap years. Automatic brightness control adjusts LED for 
perfect mewing even in outdoors. Shows minutes and hours, counts out 

ontls or shows the date. Easily adjusts to reset hour or date without 
affecting calendar Shock and -water resistant Accurate to 5 seconds per 
month Price: E298.50 each. 

APS12 -1 7 12 17 
APS1515 15 15 1:,97 
APS20- 1 1 20 1 1 

APS24 -10 24 10 
APS28 -9 28 9 

-4 
All goods new, to full manufacturer's spec. No substandard parts sold. TERMS Non- Account Customers, Cash with Order. Standard P &P Visitors welcome, by appointment. Colleges, Govt. and Account orders 50p. Please add VAT to overall total. welcomed. 

Aiii<ç- <RaSTRa ELECTRONICS LTD. 
275 -281 King Street Hammersmith London W6 9NF Tel. 01-748 3143/2960 Telex.24443 
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www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 123 

The SECOND-USER 
Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini -- Computer 
Exchange 

PDP 1 1 i 20 24K Processor with 
RF 1 1 / RS 1 1 Disk Drive & Control and 
Remex High Speed Reader /Punch & 
Control 
Tektronix Graphics Display & Control (for 
PDP11 series) 
PDP81 16K Processor, rack -mounted, with 
Teletype Control 
PC81 High Speed Reader Punch 
RK05 Disk Drive (no controller) 
DF32 Disk Drive & Control (for PDP8E 
series) 
TU60 DUAL Cassette Drive & Control (for 
PDP8E series) 
RT02 Single -line Alphanumeric Display & 
Control (for PDP8E series) 
DEC Eft. Cabinets 

IMMEDIATE EX STOCK DELIVERY OF 
ASR33 TELETYPES, ALSO ASR35 and 
KSR33 

IBM PUNCHED CARD 
EQUIPMENT 

EX STOCK DELIVERY OF IBM 024, 
056, 026, 077 
Add 1% VAT all 
Prices shown. 

ta extra - 
details request. 

PAPER TAPE PUNCHES & READERS 
TELETYPE SRPE 110 cps Synchronous Punch 
5 7/8 channel. Self-contained. mains-operated unit 
consisting of pinch unit. base. motor and tape 
supply spool Price (145.00 Sound reducing 
cabinet available at E25.00. 

FACIT 4060 rack -mounting heavy-duty punch. 5/8 
channel maxi 

m 
um operating Wend 150 cps 

Complete with supply and take -up spools. tape 
low /out sensor and large built -in Chad box. 
(595.00. Control unit also available 

TALLY P7120 panehmounted perforator. Asynchronous operation up 
to 120 cps Integral tape supply and take -up spools Price (150.00. 
TALLY 420 Rack -mounting perforator. Asynchronous operation up to 
60 cps. Integral supply and take-up spools Complete with Model 5088 
transistorised drive package (495.00 
WELMEC LOW -SPEED PUNCH. Magnetically driven up to 17 cps 
Ideal for data logging Large cnad box E45.00. 
FACIT 4001 Rack -mounting high-speed reader A very high quality 
unit with dielectric reading and capstan drive Reading speed up to 500 
cps (or 1000 cps using separate spoolerl Can be shipped between two 
consecutive characters (950.00. 
TALLY R150A READER. 150 cps Fast rewind Suitable for 
rack -mounting Complete with supply and take-up spools. (200.00. 
TALLY 424 rack- mounting starwheel reader Bidirectional operation up 
to 600 cps. Complete with supply and take up spoofs Price £126.00. 
WELMEC 852 solenoid- operated mechanical reader. Low -cost 
low-speed reader for speeds up to 17 cps Compact freestanding unit 
£45.00. 

DIGITAL PRINTING MECHANISM 
TYPE EP 101 

Capacity 21 columns. 16 pant positions j0.9 - L Si Parallel data 
entry Column spacing 3 5mm Line 
spacing 5 1mm Character dimen- 
sions 1 8mm wide x 2 9mm high 
Power requirements 15V DC 
Current 150mA non-printing up to 
410mA maximum printing load 
Very compact unit measuring 6- 
5' x 4 OUR BARGAIN PRICE 
£49.00 (P &P El/ 
lopuo Ourpui con rotor aso avail - 

,hl,. once £2.00 

Keyboards 
NEW 
ECONOMY 80 COLUMN 

HAND PUNCH 
Completely redesigned with many important 

new features - send for brochure 
from £69.50 

NEW STOCK 
RECEIVED: 

JUST 
16 -1(ee Japanese Keyhoa.i NANO NEW SURPLUS, Mapetiieelly operated read relay 
switches mounted on PCB 9 Mahe keys. 4 hack. 2 MIN, I red. 9suüir 3'r" x 3" 
x Rice £3.50 IMP 30N. 

4 BANK HONEYWELL ALPHANUMERIC KEYBOARD - DRANO NEW 
Mounted on printed circu t board (non-coded) 53 character keys + 10 
instruction keys and 2 space bars layout can be re-arranged as 
required Ideal for prototypes and special applications. Hell -effect 
switches Power requirement + 5V 420 mA Price E20.00 (PAP II) 
REED -SWITCH 4-BANK ALPHANUMERIC KEYBOARD mounted 
on prated circuit board wdh ASCII coded output. 43 character keys + 2 
shift keys and 12 ,nsirucUonal keys Ideal for data displays computer 
programming. etc Bel Ex- equipment. housed in metal case E30.00 + 
L3 00 P &P (b) Brand new mounted on PC board only E30.00 + 
t1 00 P &P 

COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED 
49/53 Pancras Road, London NW1 2QB. Tel. 01 -278 5571 

Callers welcome - 
Monday to Friday 9 a m 
to 5pm 
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VOLTAGE REGULATORS 
Varieble Output 

MC 1469 R 500 mA 2 5 -3'7 0 V Positive 0.83 
MC 1463 R 500 mA 3 6.37 0 V Negative E2.50 
MC 1723 CP2 150 mA 2 0 -37 0 V Positive E0.50 
MLM 305 G 20 mA 4.5 -40.0 V Positive E1.25 
MLM 304 G 20 mA 0 1 -40 0 V Negative E1.25 
MC 1466 L Floating Current /Voltage regulator (3.53 

Fixed Output WP 
1 Amp Positive Voltage-V.20 Negative Voltage-(7.80 

5 volt MC 7805 CP MC 7905 CP 
12 Volt MC 7812 CP MC 7912 CP 
15 voti MC 7815 CP MC 7915 CP 
18 volt MC 7818 CP MC 7918 CP 
24 volt MC 7824 CP MC 7924 CP 

0.7 Atttp Positive Voltage -£O.77 703 Volt Positive Regula- 5 V MC 7705 CP 
15 V MC 7715 CP tors 
18 V MC 7718 CP 

Internal thermal shut down 
MLM 309 K -- E1.53 

DIODES 
Rectifier Diodes 

IN 4001 Sense 1 AMP 
IN 4001 50 V £0.00 
1N 4002 100 V E0.06 
1N 4003 200 V £0.07 
IN 4004 400 V E0.08 
IN 4005 600 V (0.10 
IN 4006 800 V (0.13 
1N 4007 1000 V C0.13 
MR 501 Series 3 AMP 
MR 500 50 V (0.16 
MR 501 100 V £0.17 
MR 502 200 V 00.18 
MR 504 400 V (0.20 
MR 506 600 V E0.25 
MR 508 800 V E0.29 
MR 750 Series 9 AMP 
MR 750 50 V E0.27 
MR 751 100 V E0.29 
MR 752 200 V £0.33 
MR 745 ado v Eo.ao 
MR 756 fioo v (0.64 
Zimmer Diodes '400 mW BZY 88 Series 
2 7 to 33 voila £0.10 

ELanerM Purpose rpoea Diodes 
1 N 4148 

Tuning Otodsa 
£0.04 

*88 105 A VHF (0.69 
*BB 105 B VHF (0.83 
*9B 105 G VHF (0.44 
MVAM - IM MW / LW £2.70 

from 
MOTOROLA MULLARD SIGNETICS 

. MONSANTO FERRANTI 01M 
- - - - - - -- 

Mullard Audio and Radio Modules 
.LP 1 184 10 Wan 

distortion 
Amp E 7.58 

*LP 1185 
FM 

Very low ion stereo pre -amp (6.18 
*LP 1785 FM IF Amplifier f6.28 
*LP 1186 FM Tuner Module E7.78 
*LP 1400 Stereo Decoder Module E8.02 
Special kit offers 

11 10 Wan Stereo amplifier 
I 

1 , LP 1184 2 ND 2 x LP 11 73 
*NORMAL PRICE £23.26 *KIT PRICE E19.50 

(2) FM Tuner comprising -- 
1 x LP 1185. 1 it LP 1186. 1 e LP 1400 
*NORMAL PRICE £22.08 *KIT PRICE (78.00 

Data Sheets on each module 10p extra 

I 

DISPLAYS AND LED' 
All Porn Monsanto MAN Series 

7 segment displays - Red yellow. green. orange 
Type 1 Common anode RH decimal 0 3 inch O 4 inch 
Type 2 Common anode overflow (- 11 (7.34 (7.88 
Type 3 -- Common cathode lH decimal 

Please specify colour height and type number reed 
Type 4 0 12" Red display - (0.35 
Type entitling diodes - Red. yellow. green. orange 
Type 1 0 2 inch diameter panel mounting £0.38 
Type 2 0 125 Inch diameter PCB mounting (0.15 Red only 
Type 3 0 125 inch diameter high intensity (0.32 

Please specify colder and type number regd 
Unless otherwise specified alternate colours will be shipped if ordered colour is not 

available 
7 segment decoder drivers - 
CMOS common cathode MC 14511 CP E1.23 
T T L common amide N 7447 B 0.75 
T I L common cathode N 7448 B £0.85 

MULLARD TRANSISTORS/DIODES 
AC 126 (0.21 BA% 17 ' E0.14 BD 160 (2.00 BF 180 E0.33 
AC 127 £0.16 BC 107 (0.12 BO 181 £0.65 8E181 (0.33 
AC 128 E0-13 BC 1078 (0.19 BD 182 £0.80 
AC 153 (0.08 BC 1078 E0.08 BD 183 (0.80 
AC 176 (0.18 BC 108 £0.10 BD 201 £1.00 MOTOROLA 
AC 188 E0.32 BC 108A (0.11 E El E1.00 2N 3055 (0.70 
ACy 19 E0.30 BC 1088 (0.09 BD 232 E0.82 MJ 2501 E1.80 
ACy 20 E0.17 BC 1098 £0.13 BD 233 £0.50 MJ 2955 

£1.56 ACV 22 íO.08 BC 109C (0.14 BD 234 E0.52 MJ 3001 
ACY 22D (0.08 *BC 147 Eo.08 BD 235 (0.57 *MJE 340 £0.51 
AD 140 (0.36 *BC 748 (0.06 BD 237 £0.62 MJE 371 (0.75 
AD 149 (0.50 *BC 1488 (0.08 BD 238 (0.72 MJE 527 0.68 
AF 114 (0.25 *BC 149 E0.06 BF 115 (0.14 MJE 2995 £1.18 
AF 115 (0.22 *BC 157 (0.08 BF 67 E0.20 MJE 3055' (0.72 
AF 116 E0.20 *9C 158 E0.07 BF 173 £0.22 MPSA 06 0.17 

. AF 117 (0.19 *BC 159 E0.09 BF 177 E0.43 MPSA 12 r0.34 
AF 121 (0.10 *BC 327 E0.18 BF 178 £0.32 *MPSU 6 0.37 
AF 725 f0.24 *8C 328 (0.18 BF 179 £0.38 *MPSU 56 0.39 
AF 126 0.20 *BC 337 E0.20 MISCELLANEOUS 
AF 139 E0.31 BCY 72 £0.18 ME 0411 E0.30 
AF (0.40 BD 115 £0.22 ME 0.07 
AF 239 E0.60 *BD 124 £0.70 ME 0462 E0.30 
AF 102 (0.16 BO 131 (0.37 ME 0092 (0.17 
BA 154 E0.06 BU 133 E0.90 ME 1002 0.50 

155 (0.07 BD 135 (0.28 ME 4003 (0.17 
BA 156 E0.07 BD 136 E0.27 ' ME 4102 0.07 
BA 182 (0.17 BD 137 (0.30 ME 4104 (0.08 
BAT 10 (0.95 BD 138 £0.34 T1p 2gq £0.50 
BAV 10 (0.0 BD 139 0.38 TIP 308 (0.30 
BAW 62 E0.06 BD 140 E0.41 TIP 318 E0.50 
BA% 13 E0.06 BD 144 (2.00. TP 42A 0.50 

FERRANTI INTEGRATED 
CIRCUITS 

ZN 1040 E Universal counter rdispley 
driver E12.00 
ZN 1034 E Precision timer E2.99 
075 414 A N Radio cocoa E1.00 

DATA BOOKS 
Moto 

Diodes. Transistors. etc over 3500 pgs (10.50 
CMOS over 400 pgs (1.50 
Linear integrated circuits over 800 pgs (2.50 

Signetiee 
Data /Applications book over 1600 pgs E4.00 
Booklets on CMOS. DMOS, 7415, Consumer I C shit/ registers. RAM s (020 each 
(specify title/ 

No V A T this section 

SOLDERING IRONS 
Llteso9 soldering irons 240 A a.c. 
Model 90 12 watt (2.76 
Model 742 20 watt (2.80 
Model 187 24 wan £2.95 
Conqueror -light weight (35 grml high 
efficiency non [2.83 
Spring stand for above irons (2.14 
Desolderrng attachment --fits Conq ue.or 

AgaiSTORS 
'-, Watt Carbon resisters Mullard CR 37 1 p each 
'-, Watt Metal film resistors Welwyn MR 5 5p each 
8 Watt Wirewound resistors Welwyn W 22 37p each 
12 Wan Weewound resistors Welwyn W 23 39p each 
20 Wan Wirewound resistors Welwyn W 24 41p each 

W23 and W24 are available up to 271,12 all other standard values available 

only (4.55 
Dr vu+,nl h.mn ', t,ii,i ,.ei E0.79 

INTEGRATED CIRCUITS 
Signet's. Linear. - On 741 CV Op Amp - £0.42 

MC 1458 V Dual comp op amp £0.81, pA 709 CV Op Amp £0.30 
*NE 540 L Audio power driver E1.17 Sgeatip Memories 

NE 555 V Timer £O.a4 
N 82506 B 256 bit bipolar RAM (4.60 pit err NE 556 A Dual Timer 

NE 561 B P L L with AM demod (2.70 2102 B 1024 bit MOS RAM (2.85 
NE 562 8 P L L. with V C O E2.70 Special Offer: 
NE 566 V P L L function gen (1.50 Motorola 14 nie 741 C £0.10 

I.C. SOCKETS 
14 pin E0.12 1A. pin £0.15 NF 
24 pin (0.26 28 psi £0.27 ' 
40 -in £0.30 

Dept. WW, Wellington Road TerrnS of Business: Cash with order. MAIL ORDER ONLY ec Lo PRICES EXCLUSIVE OF V.A.T. WHICH MUST BE ADDED AS SHOWN BELOW 

/COMPONENTS Hartsnd. 
o n 

AL2 
Co lne 

1 EZ 
y St. Albans 

Postage/ Packing 30p + VAT. V.A.T. 8% except where marked thus *These items 257,. 

WW -071 FOR FURTHER DETAILS 

www.americanradiohistory.com
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VALVES 
A1065 1.25 
AR8 0.60. 
ARP3 0.60 
ATP4 0.50, 
B12H 3.00 
DAF96 0.60 
DF96 0.80 
DK96 0,75 
OL92 0.50 
DL96 0.70 
DY86/87 0.45 
DY802 0.45 
E88CC/01 1.30 
E180CC 
E182CC 
EA50 
EABC80 
EAF42 
E891 
E8C33 
EBC41 
EBF80 
E8F83 
E8F89 
EC52 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECC88 
ECC189 
ECF80 
ECF82 
ECF801 
ECF804 
ECH42 
ECH81 
ECH84 
ECL80 
ECL82 
ECL83 
ECL86 

1.00 
3.00 
0.40 
0.40 
0.70 
0.30 
1.00 
0.76 
0.40 
0.45 
0.40 
0.40 
0.48 
0.35 
0.35 
0.35 
0.45 
1.25 
0.55 
0.80 
0.45 
0.45 
0.75 
2.50 
0.85 
0.40 
0.60 
0.50 
0.40 
0.75 
0.60 

EF36 0.65 
EF37A 1.10 
EF40 0.70 
EF41 0.75 
EF80 0.35 
EF83 1.25 

,EF85 0.40 
EF86 0.45 
EF89 0.35 
EF91 0.60 
EF92 0,50 
EF95 0.45 
EF183 0.40 

.EF184 0.40 
EFL200 0.75 
EL34 0.70 
EL35 0.70 
EL37 2.20 
EL41 0.80 
E181 0.60 
E184 0.35 
EL85 0.60 
EL86 0.50 
EL90 0.50 
EL91 1.00 
EL95 0.70 
EL504 0.80 
EL821 1.80 
EM31 0.70 
EM80 0.55 
EM84 0.40 
EM87 1.00 
Ey51 0.45 
EY81 0.45 
EV86/87 0.45 
EY88 0.50 
EZ40 0.70 
E241 0.75 
EZ80 
EZ81 
GT1C 
GV501 

GZ32 
GZ34 

0.35 
5.00 
0.80 
0.85, 
0.80 

GZ37 1.00 
KT66 2.90 
KT88 3.85 
MH4 1.00 
ML6 0.75 
0A2 0.45 
082 0.45 
PABC80 0.40 
PC86 0.65 
PC88 0.65 
PC97 0.55 
PC900 0.55 
PCC84 0.45 
PCC89 0.60 
PCC189 0.65 
PCF80 0 40 
PCF82 0.40 
PCF84 0.65 
PCF86 0.65 
PCF200 0.90 
PCF201 0.90 
PCF801 0.55 
PCF802 0.55 
PCF805 1.10 
PCF806 0_90 
PC61200 0.90 
PCL81 0.60 
PCL82 0.40 
PCL83 0.70 
PCL84 0.50 
PCL86 0.60 
PCL805/85 

0.60 
0.70 
0.60 
0.56 
0.50 
0.50 
0.50 
0.85 
0.95 
1.35 
1.85 

PFL200_ 
PL36 
PL81 
PL82 
PL83 
0184' 
PL504 
P1508 
PL509 
P:802 

A lot of these valves ara imported nd prices vary 
for each delivery. so we reserve the right to 
Mange prices for new stock when unavoidable. 

PLUMBICON TUBES TYPE XO 1071 Mullard £150.00 
1.00 6AQ5 0.55 
0.55 6AQ5W 0.70 
0.65 6A56 0.8ó 
0.80 6AS7G 1.00 
1.20 6AT6 0.60 
0.60 6AU6 0.40 
0.65 6AV6 0.50 
0.60 64X4GT 0.75 
0.60 64X5GT 1.00 
0.70 687 0.70 
0.45 68A6 0.40 
0.40 68E6 0.40 
0.30 6BG6G 1.00 
0.80 6BJ6 0.75 
1.00 65Q7A 0.60 
0.60 : 6817 1.30 
0.70 68W6 1.10 

VIDECON TUBE TYPE P 864 B English Electric £20.00 

PY33 0.35 U25 7.00 UCL83 0.70 Z900T 1.50 5940V 
PY80 0.60 U26 0.80 UF41 0.70 143 0.55 5U40 
PV/81 /800 U27 1.00 UF80 0.40 114 0.30 5V4G 

0-60 U191 0.75 UF85 0.50 1R5 0.60 5V3GT 
PY82 0.45 U801 0.80 UF89 0.50 1S4 0,35 5Z3 
PY83 0.50 UABC80 0,45 UL41 0.70 1S5 0.35 5Z4G 
PY88 0.50 UAF42 0.70 UL84 0.50 1T4 0.35 5Z4GT 
Py500 1.10, UBC41 0.60 UY41 0.50 IX2B 0.75 6AB7 
PY801 0.55 UBF80 0.50 UY85 0.60 2021 0.50 6AC7 
QQV03-101.50 UBF89 0.50 VR105/30 21(25 9.00 6AH6 
QQV06-40A UBL1 1,00 0AS. 3A4 0.80 6AK5 

8.00 UBL21 0.75 V8150/30 3D6 0.40 6AK6 
QV03.12 1.60 UCC85 0.50 0.46i 304 0.50 6AL5 
SC1/400 3.60 UCF80 0.80 X61M 1.50 3V4 0.86 6ALSW 
SC9/600 5.50 UCH42 0.80 ; X66 0.75 58/254M 5.00 6AM5 
$P61 0.80 UCH81 0.50 Z8000 3.00 58/255M 5.00 6AM6 
TT21 6.00 UCL82 0.45 Z801U 3.00 5B/25BM 5.50 6AN8 

TRA 
AA212-BAV1C 
AC113 
AC126 
AC127 
AC128 
AC176 
ACY17 
ALY18 
ACY19 
ACY20 
ACY39 
ACY40 
A0149 
AD161 
AD162 
ADZ11 
AOZ12 
AF114 
AF115 
AF116 
AF117 
AF118 
AF124 
AF125 
AF126 
AF 127 
AF139 
AF1 78 

N S I STO R S PIZ ,71°`:, 

AF186 
AF239 
AFZ12 
ASY26 
ASY27 
ASY28 
BC107 
BC108 
BC109 
BC113 
BC116 
BC118 
BC136 
BC137 
BC148A 
BC172 
BC172A 
BC212A 
BCY31 

BCY33 
BCY72 
BF115 
8E167 
8E173 
8E185 
81Y51 
BP/52 
BSY27 
BSV38 
BSY95A 
BV100 
131216 
CRS1/20 
CRS1/30 
CRS3/10 
CRS3/20 
CRS3/30 
CRS3/40 

CRS25/025 
0E7115 
0E7116 
GEX66 
NKT222 
NKT304 
N KT404 
045 
0A47 
OP70 
0471 
0A73 
0A79 
0491 
04200 
04202 
0ÁZ200 
0C22 
0C25 

horre for current p 

ow 

0C26 
0C28 
0029 
0035 
0C36 
0C42 
0C44 
0C45 
OC70 
OC73 
OC75 
0078 
OC78D 
0031 
0082 
OC82DM 
0083 
00835 
00139 
OC140 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transistors, etc 
retail 749 3934, trade and export 743 0899 

rice of any of t 

OC170 
OC172 
00200 
0C204 
OC206 
ZR11 
ZR21 
ZR22 
2N456A 
2N525 
2N696 
2N708 
2N918 
2N1305 
2N1307 
2N1309 
2N2062 
2N2411 
2N2989 
2N3053 

OTHERS IN STOCK Inc 
integrated cornetts, CRT & 
special valves. Min. Matt 
Order LI U K Postage 
E1. £2, 17p 1:2-1E3. 22p. 
over E3 free. CO D 25p 
Nara 

he transistors. 

2N3054 
2N3055 
2N3391 
2N3730 
2N3819 
2144038 
2N4058 
2N4061 
2644172 
2645295 
3N126 
361128 
3N154 
364159 
5X754 
25303 
T12082 
40235 
40250 
40251 
N23A 
N25 
N38A 
N43 
N70 
N677 
N4148 
N4785 

6BW7 
6C4 
6C6 
6C86 
60H6 
6CL6 
606 
6EA8 
6F7 
6F8G 
6F12 
6F17 
6F33 
696 
6J4WA 
6J5 
6J5GT 
6J6 
6J7 
6J7G 
6K6GT 
6K7 
6K7G 
6K 8GT 
6L6M 
6L7G 
6SA7 
6SC7 
6507 
6SJ7 

;65J7GT 
6SK7 
6SL7GT 
6SN7GT 
6507 
6V6GT 
6X4 

'6X50 
6X5GT 
6y6G 
6Z4 
6-3012 
787 
774 
902 
906 
11E2 
1246 
12AT6 
12AT7 
12AU7 
124X7 
125A6 
128E6 
12BH7 
12C8 

1.00 
0.40 
0.50 
0.50 
1,80 
0.75 
0.45 
0.75 
1,10 
0,75 
0.60 
1.00 
3,50 
0.45 
1.25 
0.85 
0,55 
0.35 
0,65 
0,40 
0.80 
0.55 
0.35 
0.55 
1.90 
0.40 
0,55 
0.75 
0.55 
0.60 
0,35 
0.60 
0.55 
0,55 
0,80 
0.60 
0.45 
0.40 
0,55 
0.95 
0,85 
0.90 
0,80 
0.80 
0.60 
0.50 
6,00 
0.80 
0.45 
0,45 
0.35 
0,35 
0,50 
0.55 
0.55 
0,60 

THE VALVE WITH A 
GUARANTEE 

12E1 3.75 
1215 1.60 
12K7GT 0.55 
12K8GT 0.75 
120701 0.60 
125Á70T 0.80 
12SG7 0.55 
12SJ7 0.55 
12Y4 0.40 
14S7 1.00 
19AQ5 0.70 
1903 8.00 
1906 6.50 
19H5 15.00 
20P3 0.80 
20P4 1.10 
25L6GT 0.70 
30C15 1.00 
30017 1.10 
30018 1.10 
30F5 1.00 
30FL1 1.10 
30E112 1.10 
30115 1.00 
30117 1.04 
30P12 1.00 
3äP19 1.00 
30P11 1.00 

30P03 1.10 
30PL14 1.10 
351607 0.80 
35W4 0.55 
352407 0.70 
5005 0.65 
50CD6G 1.20 
75 1.00 
7501 0.75 
76 0.75 
78 0.70 
80 0.75 
8542 0.75 
803 6.00 
805 18.00 
807 0,75 
813 8.50 
ú66A 1.60 

931A 
954 
955 
956 
957 
1629 
2051 
5933 
6057 
6060 
6064 
6065 
6067 
6080- 
6146 
61468 
8020 
9001 
9002 
9003 
9004 
9006 

6.00 
0.50 
0.50 
0.50 
0.50 
0.70 
1.00 
3.00 
0.80 
0.70 
0.60 
1.00 
0.80 
2.50 
3.35 
4.00 
5.00 
0,40 
0.55 
0.70 
0.40 
0.40 

C.R. 
TUBES 

DG 7-5 12,00 
DG7-32 15.00 
D013-2 18.00 
MW13-35 

35.00 
VCR139A 8.00 
5FP7 8,00 
88J 9.00 
881 9,00 

SPECIAL 
VALVES 

CV2339 45,00 
M503 -2J4L 

60.00 
7301 7,00 
KRN2A 6.00 
725A 25.00 
TY4500 30.00 
2J/192140.00 
,2J/52A 75.00 

+- MARCONI 7. i ,6. 
{ J It Ci El 1 

TF 867 
SIGNAL 

GENERATOR 
Range: 156(61x to 
30MHz. Output 
0.44V to 4V at 
13 or 75 ohms. 
Impedance with 

_ 1 termination 

1 

(supplied). Built 
'X Q A. 

in crystal check 
-- - facility ith 

se - -Y handbook, £138 
including orr 

RACAL COMMUNICATION EQUIPMENT. 
On op of the above we are able to offer a 
comprehensive selection of this modern high class 
equipment including LF Converters. panoramic 
adaptors, transmitter driver units (export only). 
linear amplifiers can be built to customer s 
requirements. 

5248 FREQUENCY COUNTER. Measures 
basically 10MH, Display on neop lamp 8 
decibles P D A. 

DIVERSITY SWITCH TYPE MA1688. Solid 
state E45.00. 

RACAL RECEIVERS MODELS. RA17L. 
RAI 7W in fully working and tuned condition 
Puces on application RA984 SSB ADAPTOR 
E85.00. 

HEWLETT -PACKARD OSCILLOSCOPES 175A 
with 1750A dual trace vertically plug -In and 17610 
delay time base plug-In, 50MHa m -meter band 
switch at 50 My /CM Modes of operation. Single 
mixed. delaying. Full spec and price on application. 

BOONTON 
AM /FM SIGNAL GENERATOR. TYPE 
202E Si 202H 54- 216MHz in 2 ranges 
E275.011. 

BOONTON 
SIGNAL GENERATOR TS. 497 /URS 
2.5Mz. 13MHZ, 30MMz. 78W-1r. 180MHz, 
400MHz 0.Iv-lay £150 carriage E3.00. 

Open 9- 12.30, 1.30 -5.30 p.m. 

* except Thursday 9 -1 p.m. 

TF144H SIG. 
NAL GEN. 
Freq. range 10 
KHz -72 MHz, 
R.F. output 2DV 
to 2V at 50 Ohms 
400 and 1000 Hz 
internal mod. 
Limited qty. 
only available. 
Full spec. and 
price on re- 
quest. 

BEST PRICES PAID FOR TEST AND COMMUNICATION EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 52$B OSCILLATOR AND DETECTOR 
UNIT ES000. 

.CINTIL TYPE 1873 SQUARE WAVE S PULSE 
GENERATOR. Freq 5c /s to 25010H2 Pulse 0 5 uses 
0 3p3 Output to 50v for 100011 ro 5v for 1000 
P 0.A 

RADIOMETER TYPE MS111 SIGNAL GENERA- 
TOR. High quality Danish production. 1069, 110MHz 
E200 carriage £5 00 

CT480 SIGNAL GENERATOR. 7 KMC /S to 12 
KMC/S mod CW.. F M Pulse E160 carnage £5.00 

AVO NOISE GENERATOR CT 410 E30 carriage 
£2.00 

BRIDGE IMPEDENCE No 5.0 10.10MO, 1pF.1 uF. 
iuH -iH E85 carnage £4.00 

EDISWAN STABILIZED POWER UNITS. To 100v 
50MA Type R1280 to 300v -150MA and, 
300v -75mA 

TEKTRONIX OSCILLOSCOPES 535 5 545. With 
plug in units CA (33MHz) (double beam). G(20MHz 
differential 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 USB. LSB var carrier insertion etc E200 
carnage x.10 00 
FSR EXCITER. Freq 1 -6 5MHz 0.1009: 
continued frequency shift up to 6009e switched 
freq correction Modes FAX. FS. MSC, ON 
£50.00 carriage £5.00. 
AMPLIFIER UNIT TYPE 1430. Dynatron 
Production. Pulse amplifier with control. 
Differential" and "Integration" time constant 

0.08 - s to Sus. Anenuation to 20db P.O.A. 
PULSE ANALIZER. Made by Dynatron with 
discriminator. all meter reads. channel width 
threshold level P.0. A. 

RHODE & SCHWARZ. Z -g DIAGRAPH TYPE 
ZDU 30.420MHz. 5011 Directly measures 
muhlterminal nel-works, phrase shift. phrase 
angle with complimentary POWER SIGNAL 
GENERATOR TYPE SMLM high freq resolution. 
eternal external mod up to 3v out £750. 
FREQUENCY SYNTHESIZER TYPE XUA. 
30Hz -30MHz with FREQUENCY INDICATOR 
TYPE FKM 15- 30MHz, 30- 100MHz E1,000. 

SIGNAL GENERATOR NO 16. 8cm -1 lern E85 
carnage c4.00. 

SIGNAL GENERATOR NO 13. 20MHx- 80MHE, AN1. 
FM, ON 1 iv.ly £65 carriage £4.00 

KAHN 555 ADAPTOR TYPE RSSB - 62 - 16. 
Designed for receivers with 455- 5006Hz IF at 100mV 
(max) input Features electronic AFC carrier freq 
dversity to combat fading. 20 sce R C memory to 
maintain tuning during severe fading. Individual carrier 
meters. nuvishers. IOW distortion production 
demodulator E65 carriage c5 00 

TF 8018/2. Spec as for 8010 but minor 
c 

, 
differences Few only left E120 carriage £5 00 

TF 887 SIGNAL GENERATOR. Range 15KHt to 
30MHz. Output 0 4 uF to 4v at 13 or 75 ohms 
Impedance with termination (supplied). Built in crystal 
check facilities With hand book E135.00 carriage 
E5 00 

TF144H SIGNAL GENERATOR. Freq range 
10KHz-72MHz R F output 2eV to 2V at 50 ohms 
400 and 1 000Hz internal mod. Limited quantity only 
mailable Full spec and price on request 

rF 8010/1/5 SIGNAL GENERATOR. Rance 
10- 465M114 in 5 ranges R F output 0 1 uV -1V source 

C Dial calibrated in volta, decibels. and power 
relative to thermal noise Piston type anenuator 500 
output impedente. Internal modulation at 1 KHz at up 
to 90% depth also external sine & pulse modulation 
Built in 5MHz crystal calibrator Separate RF and mod 
Meters. Price on application. 

TF 893 AUDIO OUTPUT METERS. Up to 10W E55 
carriage E3 00 

TF 995A/1 or A/2 or A /2M or AS SIGNAL 
GENERATORS. Very high class AM /FM 1 5MHz to 
220MHz. Detailed spec and price on application 

EMI OSCÌLLOSCOPE WM8 AC /DC to 15 m c Time base 0 1 SMsec- 15Mnec E70 carriage f 5 OO 
s 

HR 23 TRIPLE DIVERSITY SSB RECEIVERS. Freq 
3- 275MHz. V F O at 6 Xtal positions Reception or 
independent single or double side band transceivers 
Full spec on application. E350 carriage £35 00 

TF 885A/1 VIDEO OSCILLATOR, 0- 30KHz, 5MHz 
1 Mv'31 6v E85 carriage £4.00 

TF 934 DEVIATION METER. 250MHz E55 carriage 
L300 

TF 14005 DOUBLE PULSE GENERATOR WITH 
TM 6800 SECONDARY PULSE UNIT for testing 
radad nucleonics. scopes. counters. filters. etc E175 
carriage £5 00 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Expon only Price and details 

. on application. 

TF958 VALVE VOLTMETER. AC voltage 1.5.150, 
at up to IOOMHz DC voltage 1 5.150v E25 carriage 
1=1 00 

PLEASE NOTE 
Unless offered as "as seen" 

ALL EQUIPMENT 
ordered from us is completely over- 
hauled mechanically and electrically 

in our own laboratories 

SOLARTR ON 
C01400 OSCILLOSCOPE with 
wide band amplifier CX 1441 and general 
purpose time base a amplifier CX 1443 Up to 
15MHr d c -75076e on X10 gain Sensitivity 
(mas! 100 my /cm, 10v /cm on X10 gain E130 
carnage 3 00. 

DIGITAL VOLTMETERS 
LM 14202. 2- 2.5uvs 1000v in 6 ranges 
Accuracy 0 05% of range e ±1 digit. 
sensitivity 2 5uv per digit E320. 
LM 1426 25mV -1000, in 6 ranges Acc range 1 

in 0 02 r,. E170.00. 
Also available CD 1420 £170.00. CD 1440 2 

£220. 

AR88 D S LF SPARES. We hold the largest stock in 
UK. write for list 

RF METERS. 0 B amp 21/4" (USA( brand new E1.50 
P &P 25p 

TELEPHONE TYPE -J tropicalised 
10 LINE MAGNETO SWITCHBOARDS 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS 

FOR EXPORT ONLY. 
RCA ET 4336 TRANSMITTERS 
Also modified version of increased output to 
700W COLLINS TYPE 231D 4 /5KW TRANS.. 
MITTER 
10 channel. Autotone and manual tuning 
C13 TRANSMITTERS, 38 62 TRANSCEIVERS 
NO 53 TRANSMITTERS. REOIFON 100SW 555' 
TRANSCEIVERS. MULLARD C11 HIGH POWER 
INSTALLATION (1,000W). 

PLEASE ADO APPROPRIATE VAT (81a, or 
25 %) 

COLOMOR (ELECTRD, ONICS 
LT 

170 Goldhawk Rd., London, W.I2 
Tel. 01 - 743 0899 
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SERVICE TRADING CO 
R E LAYS 

1 2 3 I 

SIEMENS PLESSEY, etc. 
MINIATURE RELAYS 

1 2 3 4 

52 4-8 2c o 76p 700 16-24 4 M2B 66p' 
58 5-9 6 c/o 66p 700 16-24 4 c/o 15p 

185 8-12 6 M 66p 1250 18 -36 2 c/o 66p 
230 9-18 2 croHD 75p 2500 36-45 6 M 66p 
430 15 -24 4 c/o 66p 2500 31 -43 2 croHD 66p 
600 10 -20 6M 85p 15k 85 -1106 M 66p 
700 12 -24 2 c/o 55. 
If) Coil ohms; (2) Working d.c. voits; 13) Contacts; (4) 
Price HD =Heavy Duty. All Post Paid. (including Base) 

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 cod 85p. Post 15p. 

12 VOLT D.C. RELAY 
3 c/o 5 amp contacts 120 ohm cad 85p. Post 15p 

24 VOLT D.C. 
2 HD c/o 700 ohm cod 85p. Post 15p 
4 c/o 300 ohm cod 95p. Post 15p 
100 VOLT e c 2 c/o 76p. 3 c/o 85p. Post 15p 

ENCLOSED TYPE RELAYS 
6 VOLT DC 3 c/o 85p. Post 15p 

24V DC 3 c /085p. Poil 20p Base 15p 

24 VOLT A.C. M f g ITT 3 h d c/o contacts 65p 
Post 2Up Base 15p extra. 

55 VOLT A.C. 
3 heavy duty c/o contacts Price 85p. Post 20p. Base 15p 

230 VOLT A.C. RELAY 
240V. A.C. heavy duty 3 c o contacts. 
Price eóp. Post 2Up Octal base 15p extra 

220/240 VOLT AC R E LAY 
3 c/o 5 amp cons Sealed M. f g ISKRA. £1.36. Post 20p 
Bese 15p extra 

ARROW 230/240V AC 2 c/o 15 amp contacts. 
Amp connectors £1.10. Poet 20p. 

110 VOLT A.C. 2 c/o 20 amp. E1.35. Post 15p 

CLARE- ELLIOTType RP 7641 G8 
Miniature relay. 675 ohm coil 24 volt D.C. 2 c/o Pop P P. 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS 

LATCHING RELAY 
Twin latching relay. 'flip -flop' 2c /o each relay 
Mains contacts. 115 volts A.C. or 50 volt D C 

operation or 240 volts À.C. with 2 5K resistor. 85p. 
Post 20p. 

PRECISION CENTRIGUGAL 
BLOWERS 
Mfg by Smiths Industries Miniatu,a model Series 
SF/ 200. Sin 95mm e 82mm e 82mm. Aperture 
38min x 31mm. 12 c. f. m. £2.75. Post 50p, 
Mfg. by Airflow Devefopmanis Ltd 
Precision made. conbnuously rated. smooth running 230/240v AC 
rnotor 80c.f.m. Asillustrated butwnh round aperture. £6.50. Post 75p. 

Mfg. by Woods 
Extremely powerful 220/ 250v A C 0.3 amp 2.700 r pm continuously 

red Capacitor start Cast construction Aperture 66mm x 50mm O/A 
200mm E12.00. Post E1.00 

230 VOLT FAN ASSEMBLY 
Continuously rated, removable aluminiurn 
blades. Price £1.25. Post 50p. 
VAT 25% 

C/0 MICRO SWITCH 
VERY SPECIAL OFFER. Mfg by C E M 3 amp 
250 volt 10 amp 125 volt 50 for E9. Post 36. 
100 for E6. Post 50p. 1.000 for £45. Post paid 

DOUBLE POLE C/0 or 2 make, 2 break micro switch 10 amp 250 v A C 
With detachable roller assembly 10 for E2.60. Post 50p. (Min order 101. 

MINIATURE ROLLER 
M , OMRON type Vi 5 FL 22-1C 10 Io, E2.00 post 
51/ '- ^ order 101 

230 -250 VOLTA.C. SOLENOID 
Similar in appearance to illustration. 
Approximately 1 a lb. pull. Size of feet 11" x 

price £1.00. Post 25p, trot 
SOLENOID HEAVY DUTY MODEL 
230/ 250v A.C. Apprx. 10Ib. pull, 4" long x 2(4" wide x 3" 
high. £2.50, Post 50p. 

24 VOLT DC SOLENOIDS 
UNIT containing. 1 heavy duty solenoid approx. 25 lb. pull 
at 1 in. travel. 2 solenoids of approx. 1 lb. pull at I tn. Iranci. 
6 solenoids of approx. 4 o2. pull at 1 in. travel. Plus 1 24V D.C. 
1 heavy duty 1 make relay. Price: E2.50. Post £1.Ob. 
ABSOLUTE BARGAIN. 

240 V A.C. SOLENOID OPERATED 
FLUID VALVE 
Rated f p s, will handle up to 7 p s i Forged 
brass body stainless steel core and spring 
b p inlet outlet Precison made. British ntlg 
PRICE £2.25. Post 50p NEW original packing 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed Icy makers. Will 
control up to 600 watts of all lighting except fluor 
escent at mains voltage. Complete with simple 
instructions. £2.75. Post 25p 
1000 wan model E4.00. Post 25p 
2000 wan model E8.00. Post 40p 

ALL MAIL ORDERS. ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01- 995 1560 

Closed Saturdays. 

VARIABLE VOLTAGE TRANSFORMERS 
Carriage extra INPUT 230 e. A.C. 50/60 

OUTPUT VARIABLE 0 /260v. A.C. 

BRAND NEW. All types. 
200W (1 Amp) E10.00 
0.5 KVA (Max. 21/2 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 
O. 6. 12 volt n 10 amp, £5.50 Post 70p 
O. 10, 17. 18 volt n 10 amp. E7.50 Post C1.00 
O. 6. 12 volt n 20 amp. ES.00 Post El 00 
O. 12. 24 volt n 10 amp- £6.00 Post E1.00 
0. 4. 6, 24. 32 volt n 12 amp. VI-SO Post 1:1.00 
0. 6. 12. 17. 18. 20 volt n 20 amp. £10.40 Post E1.00 
Other types Io order at short notice Phone your enquiries. 

AUTO TRANSFORMERS 
Step up step down 0 I I S 200 220 240 volts 
At /5 watt £3.00 Post 40p. 150 watt E4.30 Post 50p. 300 
watt 06.20. Post 60p. 500 watt E9.20 Post 75p. 1000 watt 
E13.50 Post 90p. 

RING TRANSFORMERS 
runcoonal Ve /sarde tdocationar 

These multi-purpose Auto Transformers, with large centre 
aperture can be used as a Double w und current 

Transformer. Auto Transformer, H or L TTransformer, 
by simply hand winding the required number of turns through the caMre 
opening. E g Using the RT 100 V A Model the output could be wound 
io give 8V @ 121/2 Amp 4V @ 25 Amp. or 2V @ 50 Amp.. etc Price 

RT 100VA 3 18 turns per volt E5.00. Post 75p 
RT 2KVA 1 5 turns per volt. E21.00. Post E 1 50 
RT 3KVA 1 5 turns per volt. E28.00. Post Ee 50 

STROBE! STROBE! STROBE! 
* HY -LIGHT STROBE Mk. IV 
* Latest type Xenon whde light tube. Solid state timing and triggering* 

cu orn. 230/240 volt A.C. operation. Speed adjustable 1 -20 f.ps * Designed for large rooms, halls. etc. Light output greater than many 
(so called 4 Joule) strobes. Price £15.40. Post 75p * XENON FLASH GUN TUBES * * Range of Xenon tubes evadable from stock. S A. E. for full details. 

** * * * * * * * * * * * * * * * * * * * * * * * * ** 
Sr ULTRA VIOLET BIG BLACK LIGHT * 
*400 Watt. Mercury vapour ultra violet lamp. 

Extremely compact and powerful source of u.s. * Innumerable industrial applications also ideal for 
"" stage display. discos etc. P.F. ballast is essential * with these bulbs. Price of matched ballast and bulb * 

£24.00. Post 01.50. Spare bulb £8.00. Post 65p. 

* ULTRA VIOLET BLACK LIGHT * 
c FLUORESCENT TUBES 

44e. 40 wee £6.00 (callers enlVI 2ft. 20 watt £4 60 Post 6Ops * (For use in s,. o. pin Intings). MINI 12ín- 8 waft £1.75. Post * 25p gin. e wan E1.40. Post 25p Complete ballast unit and' * 
holders for either 9" or 12" tube. E1.70. Post 30p IO" x 12" 
measures approx .I . * 
* * ** 4 *K** * * * * * * 

SQUAD LIGHT Ii 
A new conception in light I 
control Four channels each 
capable of handling 750 watts of spotlights floodlights. or 
dorons of small mains lampa. Seven programs all speed controlled 
plus flash modulation. eltecovely giving 14 ddlerent displays. 
Makes sound.tolight obsolete Completely electrically and 

achanically noise free Price only E58.00 
Post 75p S A E (Foolscap) for further details 

WHY PA Y MORE ?! 
MULTI RANGE METER A C. volts 2.5.500.0 C 
volts 2 5- 500(Sensnw'ty 20000 /V DC & AC) DC 
current 0/1/10/100 mA, Ohms range Sturdy 
compact moving cod instrument with 21 ranges. 
dimensions 120n 80e 44mm Weigh 0 32 kg 
SERVICE TRADING CO. Price E5.00. Incl. leads 
and battery Post 50p. (Total price inc VAT & 
Post E5.94). 

METERS NEW 
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NICKEL CADMIUM BATTERY 
Type V022 1 2V 22AH height 210mm width 55mm depth 25mm weight 
1050 gins E1.75, post Sop + 25p extra each additional cell. 

GEARED MOTORS 
100 R.P.M. 

1151b. ins . 110 volt. 50Hz. 2.8 amp., sigle phase. spit capacitor motor. 
Emerse power. Continuously rated Totally enclosed. Fan cooled. In-fine 
gear box Length 250mm Dia 135mm Spindle Dia 15 5mm. Length 
145mm ex. equipment E14.00. Post Cl 50 Suitable transformer 
230/240 volt. tested E8.00. Post 75p 

15 R.P.M. 
Type SD48 15 r p or 80 lb ins Input 100,120 volt A C. Length inci 
gearbox 270mm, Height 135mm, Width 150mm. Shaft drive 16mm 
Weight 8.5 Kilos. BRAND NEW Price E10.00, cari. tt "00. 
Suitable transformer for use on 220/240 volt A C. £3.85. Post 50p 

60 R.P.M. REVERSIBLE 
220/240 volt A C Small. powerful, continuously rated matar. Mfg 
BERGER (Germany). See 80mm a 65mm x 65mm Spindle die 
6mm. Length 15mm Weight 725 grams. E6.50. Post 50p 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.p.m. torque 10 lb. in 
Reversible /0th h.p. cycle .38 amp. 
(Type 21 28 .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. Supplied com- 
plete with transformer for 230/240v A.C. input. 
Price. ether type E6.26. Post 75p or less transformer E3.75. Post 
65p. 

These motors are ideal for rotating aerials. drawing curtains. 
display stands. vending machines. etc. etc. 

20 r.p.m. GEARED MOTOR 
230/240 volt 20 r p m. motor. E1.00. Post 20p. 

REVERSIBLE MOTOR 230V A.C. 
General Electric, 230e A C 1,600 r p m 0 25 amp. Complete with 
ant- vibration mounting bracket and capacitor. 0/ A sue 1 10mm x 95mm 
Spindle 5/16" dia. 20mm long Ex- equipment tested £3.00. Post 50p 

BENDIX MAGNETIC CLUTCH 
A superb example of Electro- mechanics' The main 
body rs in two sections_ The cool section is teed and 
has a akin. sleeve. The dove section rotating on the 
outer perimeters. The uniting plate has thin. ID 
bearing concentric with main section and 18 -tooth 
cog wheel. 
When energized transm'sson is extremely powerful. 24V d c 

240MA OUR PRICE JUST E3.50. Post 45p 

ROTARY VACUUM AIR COMPRESSOR AND PUMP 
Carbon vase. o'I -less 100/115V A C 1. 12 
h.p motor. 50/60 cycle. 2875/ 3450 r m 
20" vacuum. 1 25 c.f.m . 10 p s ' aapprox 
figures). New unused surplus stock, with elect 
connection data Fraction of maker's price. 
E12.00. Post E1 00 Svnable transformer 
£3.50. Post 50p. 

TIME SWITCH 
' Horsmann' Type V Mk II Time Switch. 200/250 von 
A C Two on /two off every 14 hours. at any manually 
preset time 30 amp contacts 36 -hour spring reserve 
in case of power failure. Day omitting device Fitted in 
heavy high impact case. with glass observation 
window. Built to highest Electricity Board spec 
individually tested. Price £7.75. Post 50p. (Total inc 
VAT E8.91.I 

A.C. MAINS 
TIMER UNIT 
Basic clock with 25 amp. 
single .. ..loch can be preset for 
any penal rip w 12 hits. ahead to switch 
on for any length of tome, from 10 mins. to 6 
hrs. then switch off. An additional 60 min. audible timer is also 
incorporated. Ideal for Tape Recorders. Lights. Electric Blankets. 
etc Attractive satin copper finish. Size 135 mm s 130 m 

m 
Y 

60 mm Price £2.25. Post 40p (Total inc. VAT & Post £2.87.) 

90mm Diameter. 
Type 65C5 2A D C. M/C 5A D C. M /C, 10A O.C. M 
20A DC. M/C 
Type 62T2 IAAC M' I, 20A AC. M /I. 300V A C M I, ALL ABOVE 
£2.50. Post 30p 
Type 65L5 300V A C R /M /C. E2.75. Post 30p 

VAT VAT AT 8% 
MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

POWER 
RHEOSTATS 
New ceramic construction, vrtreoufi 
enamel embedded winding, heavy duly 

brush assembly, continuously rated. 
25 WATT 10 25 100. 150 250. 500 tk. 1.5k ohm 
£1.70. Post.20p. 50 WATT 1, 5. 10. 25. 50, 100. 500. lk onr, 
£2.10. Post 25p 100 WATT 
1/ 10/ 25 /50/100/250/500/1k/1.5k/2,5k/5k ohm. E3.30. 
Post 35p 

'Black SilverSkirted knob calibrated in Nos. I-9. I ; 

in. dia brass bush. Ideal for aboye Rheostats. 22p ea. 

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 in., 
W. 4 in., H. 6 in., weight 6 lb. 
500 VOLTS. 500 megnhnts £36.00. 
Post 80p. 
1000 VOLTS 1000 megohms 
Post 80p. £44 00 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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MULLARD 
THYRISTOR 
TRIGGER MODULE 
Tha produces pulses for phase 

control triggering. It has two 
solated outputs. so one thyristor or 
two Thyristor (in separate arms of 
bridge) may be controlled by one 
module The timing circuit is 
synchronised to the mains frequency and control is by an external 
vanable resistor or from a voltage or current source Provision is 
made for feed-back where automatic control is required Price E5.95. 

MAINS TRANSISTOR PACK 
Designed to operate transistor sets and amplifiers Adjustable output 
6v. 9v. 12 volts for up to 50omA (class B working) Takes the place 
of any of the following batteries PP1 PP3. PP4 PP6 PP 7. PP9 and 
others Kit compromises main transformer rectifier smoothing and 
load resistor. condensers and instructions. Real snip at only E1.50. 
VAT and postage 60p 

MULTI -SPEED MOTOR 
Six speeds are available 500. 850. and 1.100 r p m 

and 8.000, 12.000 and 15.500 r pm Shalt is 'Ain 
diameter and approximately 1 in long. 230;240v Its 
speed may be further controlled with the use of our 
Thyristor controller Very powerful and useful motor. 
sze approx 2m dia s 5in long Price E1.40 + 45p 
post and VAT 

SPEED CONTROL SWITCH 50p e. 4 

DC HIGH CURRENT 
PANEL METERS 
31/2in wound wide angle 240 movement 
meters. flush mounting fitted with external 
shunts. made by Crompton Parkinson brand 
new still in maker s cartons These are eal 
bargain at L5 50 each Reasonable quantities 
available in the following ranges 0.10 amps 
0.20 amps. 0.30 amps 0.40 amps 0 -50 
amps Post and VAT 80p each 

TAPE DECK 
In metal case with carrying handle 
heavy fly wheel and capstan drive 
Tape speed 33/4 Mains operated on 
metal platform with tape head and 
guide Not new but guaranteed good 

¡king order Price E1.50 plus VAT 
.end postage E 1 50 

SOUND TO LIGHT 
UNIT 
Add colour or white light ro your 
amplifier Will operate 1. 2 or 3 lamps 
(maximum 450w) Unit in Box all 
reedy to work. E7.95 plus 95p VAT 
and postage 

OVEN THERMOSTAT 
Made by the famous Diamond H Company 
this has a sensor joined by a capilliary to e 

variable control and when fined with a knob 
is ideal for many ovens or processes 50p 
each + post and VAT 15p 

HONEYWELL PROGRAMMER 
This is a drum timing device. the drum being calibrated 
to equal divisions for switch -setting purposes with trips 
which are finitely adjustable for position They are 
also arranged to allow 2 operations per switch per 
rotation There are 15 changeover micro -switches each 
of 10 amp type operated by the trips. thus 15 circuits 
may be changed per revolution Drive motor is mains 
operated 5 revs per min. Some of the many uses of this 
timer are Machinery control. boiler firing dispensing 
and vending machines Display lighting animated and signs Signalling, etc Piece from makers probably 
over E20 each Special snip price E9.95. i 1 00 post and VAT Don I miss this terrific bargain 

BREAK -DOWN UNIT 
Contains hundreds of useful parts some of which are as follows - 
66 silicon diodes equivalent OA 91 68 resistors mostly 'h watt 
5% mooring a wide range of values 4 x 1 mid 400v infd 
condensers 15 e 01 mfd 100v condensers 2 RF chokes 8 s B9 
valve holders 1 x 4H choke 1 x 115v transformer 1 boxed unit 
containing 4 delay lines also tag panels trimmer condensers 
suppressors etc on useful chassis sized approx 9in x Sin x 

Tin Only 75p (the 66 diodes would cost at least 10 times this 
amount) This is a snip not to be missed Post and VAT 75p 

THIS MONTH'S SNIP 
250 wan Transformer is a very 

vsa 
rtile transformer which n be used for any 

purposes Rated at 250 watts it is very well built with frames for upright mounting and n 
¡ 

nish 
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 it can power are 10 -0.10v at up to t 2 amps 20.0.20v at up 
to 6 amps. single 10v at 25 amps single 20v at 121/2 amps. single 30v at 9 amps. single 40v at 6 5 

amps The transformer can be used tor power circuits (charging. etc 1 or for amplifiers there being an 
earth screen between primary and secondaries A transformer like this today would cost ar'least E 1 5 from 
the makers. however we are making a special offer at E3.50 + 28p. post E1 + 8p each Grab some 
while you can. our stock may not last long 

MULLARD UNILEX 
A mains operated 4 + 4 stereo system. Rated 
one of the finest performers in the stereo field this 
would make a wonderful gift for almost any one. 
In easy-to-assemble modular forni and complete 
with a pair of Goodmans speakers this 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 £15.50 Including 
VAT and postage 

TWIN OUTPUT POWER PACKS 
These have two separately fi C smoothed outputs so can operate two battery 
radios on a stereo amp without cross modulation they will of course operate 
one radio (tape cassette 'calculator in fact any battery appliance and will 
save their cost in a few months) Specs Full wave rectification. double 
insulated mains transformer -- total enclosed in a hard P V C case -- three 
core mains lead -terminal output -- when ordering please state output voltage 
4: v 6v 7' -i), 9v. 12v or 24v Price E3.95. Post and VAT included 

TERMS: Where order is under £5 please add 30p surcharge to 
offset packing expenses. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W. W.), 103 TAMWORTH ROAD 

CROYDON CRO IXX 

YOU MAY BE IN TIME 
for a valve voltmeter at E7.50 - a signal generator at 
E8.50, a frequency standard at E19.50 as these and 
many other good buys were offered in our December 
Advanced Advertising News Send S A E for a copy 
today 

RELAY BARGAIN 
Type 600 relay, 2 changeover one open and one closed 
contact Twin 500 ohm coils make this suitable or 
closing off DC 6v DC 12v. DC 24v or AC mains using 
resistor and rectifier 40p each REsistor and rectifier 
20p extra Post and VAT 20p. 

MAINS TRANSFORMERS 
All standard 230.250 volt primaries p 

Iv 1 amp (special c1.75 
24 5amp .85 
6 3v 2 amp 1.25 
63v 3amp 1.75 
9v I amp 95 

3 5 amp 2.50 
11/2 amp 1.50 
1 amp 1.00 
1 amp 1.50 
1 amp 1.50 

2 amp 2.25 
3 amp 3.50 
SOmA 1.20 
50mA 1.20 
TI amp 1.50 
2 amps 3.50 
1',r amp 1.95 
1 amp 4.50 
1 amp 7.50 
8 amp 4.50 
37 amp 22.00 
4 amp 5.50 
1 5 amps 1.75 
3 amps 2.35 
(intermittent) 5.50 

9v 
12v 
12v 
6 5v-0 6 5v 
18v 
24v 
24v 
12 0,12v 
6 0.6v 
8 Ov -8v 
180.18v 
25v 
50v 2 amp & 6.3v 
60v 5 amp & 5v 
27v 
30v 
80v tapped 75v & 70v 
230e -60mA & 6 3v 
2750 275v at 90mA & 604v 
EHT Transformer 5000v 23mA 
Charger Transformers 

6v and 12v 2 amps 1.50 
6v and 12v 3 amps 2.25 

6v and 12v 5 amps 3.50 
Add 30p per E to cover postage and VAT 25% And 
25% except for industrial types 

ONLY E1.50 
FOR SEVEN 
ELECTRIC MOTORS 
7 powerful bats motors as 
used in racing cars and 
power models Output and 
types vary for use in 
hundreds f projects 
Tools toys. models. etc All 
brand new reversible and fo I'hi12v baits Wiring 
drag Inc VAT and post 40p REE plan for min power 
station 

1 R.P.M. MOTOR + GEAR BOX 
Made by the famous Chamberlain & Hookham Ltd 
These could be made to drive clock or similar Really 
robust mnable unit Price E1.50 + 30p post and VAT 

BLACK LIGHT 
As used in discotheques and for stage effects. ere 
Virtually no white light appears until the rays 
on luminous paint or white shins etc We offer 9in 

impinge 
w 

tubes complete with starter. choke lamp -holders and 
starter- holder Price E2.75 + 30p post Tubes only E2. 
Post and VAT 50p 
230 volt /175 wan model E8.50. Post & VAT 92p. 

NEW OLSON 
SLOPING 
CASES 

Type Panel Dim Depth Height Price 

1 150 m/m X 100 m/m 95 m/m 95 m/m E1.66p 
2 200 m/m X 100 m/m 95 m/m 95 m/m E1.75p 
3 260 m/m X 100 m/m 95 m/m 95 m/m E1.55p 

New range of cases at 45° sloping panels, attract vely designed of robust 
construction and finished in two tone colour. Supplied complete with four rubber 
feet, available from stock in three different widths. 

Materials 
Cases made from 20G. steel. 
Front panels made from 20G. aluminium. 

Colours 
Cases sprayed in light brown hammer finish, front panels sprayed in light 
grey semi -gloss enamel. 

PORTABLE POWER DISTRIBUTION 

COMPLETE WITH 6FT CABLE AND 
13 -AMP PLUG 

4 Sockets 13A 8.80 
6 Sockets 13A 10.45 

via xon - 4 Sockets 13A /SW 10.06 
6 Sockets 13A/ SW 11.11 

PLEASE ADD 8% FOR V.A.T. PLUS P & P 

Trade Counter is open for personal callers from 9 a.m. to 
5.00 p.m. Monday- Friday 

OLSON ELECTRONICS LTD. 
TELs-7 : 

LONG 
01 -739 2 

ST., LON DON, 
343 

E.2 

-- WW -084 FOR FURTHER DETAILS 

e New range of 

ILLUMINATED SWITCHES 

Send for 
details of 

complete range 

Here's a new illuminated switch from 
the famous Finnish ESMI range. Strong 
grey plastic case (cut -out size 21 mm 
sq.), contacts for make /break, make/ 
make and break /break, capacity 1 A 
(60V AC), 1 /2A (48V DC). Takes variety 
of "push -in" miniature bulbs. Screw, 
soldering or AMP connections. Built -in 
panel -grip fixing, 4 lens colours, 
engraved if required. Rocker or 
push -button versions, with matching 
signal lamps. 

CONTARNEX LIMITED 
252 MARTIN WAY, MORDEN 
SURREY SM4 4AW. ENGLAND TEL. 01 -540 1034/5 

AC /DC MULTIMETER 
TYPE 114324. 

With taut band suspension 
movement 
High sensitivity movement 
and full coverage of AC 
and DC current and 
voltage ranges. 
0 06 U 6 6.60 600mA -3 Amps OC 

0 3- 3- 30- 300mA -3 Amps AC 
06 -1 2- 312.30 -60 120.600.1701, 
Volts DCA/ 

3 6,15-60-150-300 600.900 
Volts AC 
45 to 20.000 Hr Freq Range 
50G:: 5- 50500kÌ! 
25! -0 5 501()! 

M ! Res Range 

, y 

q] 
11111111 

j111111111011111m.. 

insu 
O O 

0,s it)¡ /fit/ 7 / 
l /j a 

Wa' 

r'111/ 

Price £9.95 
+ 8% 

/ 

;; 
1. 

-o :° 

j/ 

VAT 

STAR OFFER 
BC 207 

50 for £2.50 + 25% VAT 
Plastic BC 107 

*STAR OFFER 
2N 3055A 

8 for E2.50 + 8% VAT 

*STAR OFFER 
IN 4002 

100 for £2.50 + 8% VAT 
Silicon rectifier 
1 amp 1 DD colt 

%Base add VAT 
and 20p P.& P. 

Send Stamped Addressed Envelope for FREE Catalogue of over 
2,000 Items 

AMATEIiR COMPONENTS 
ORCHARD WORKS, CHURCH LANE. WALLINGTON. SURREY SM6 7NF 
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the I 
audio amateur ? 
What a trip old Richard's Rhine journey could 

have become had he built his own mixers, 900 watt 
amps, octave equalizers, 24 inch woofers, electronic 
crossovers, and home brew electrostatics. 
Zounds what sounds! 

Ask our Rhine maidens for details. 

Audio Yellow Oak Cottage 
Tillington nr. Hereford 

HR48LQ 
Send tow for a free prospectus. 

Craig Stark of s It LO REVIEW says: "Top quality. only 
LS. publication des to the serious audiophile eonstruct,n.:. 

Name 

Address 

0 OVER 
'E125 PROJECTS 

Eli 
TOP 

PROJECTS 
No.3 

COMPLETE DETAILS FOR BUILDING: 
GRAPHIC EQUALISER DIGITAL VOLTMETER 

IMPEDANCE METER STEREO FM TUNER 

25W STEREO AMP TACHO TIMING LIGHT 

COLOUR ORGAN RADAR ALARM 

DIGITAL DISPLAY LINE AMPLIFIER 

ELECTRONIC IGNITION LIGHT DIMMER 

ON SALE AT YOUR NEWSAGENTS NOW: 

£1.00 
IN CASE OF DIFFICULTY SEND £1.20 (INC. POSTAGE) 
TO: ETI TOP PROJECTS No. 3.36 EBURY ST, LONDON 
SW1 W OLW 

127 

Now the European 
electronics industry is 
an open book 

Its the European Electronics Suppliers Guide -the only reference book of its kind you 
can buy. 

(And, in fact, the only multi -lingual, multi -national buyers guide in the electronics 
world.) 

Every feature is designed to take you fast to the name of the supplier you need, 
whatever the country, whatever the product concerned. 

Products and manufacturers are broken down into 26 distinct market sectors. Over 
600 types of products are listed, cross -referenced with over 1700 manufacturers. Principal 
Trade Associations in every country are included too. And all essential information appears 
in three languages- English, German and French. 

The price is £18.50, including post and packaging. Not much for opening up a 
continent. 

//4 I,Nae / 
A:' 

Post this coupon -with your cheque -today. 

1 

To: General Sales Dept.. IPC 
Electrical- Electronic Press Ltd.. Room 11. 
Dorset House. Stamford St . London 
SE1 9LU, England. 

Please send me a copy of The European 
Electronics Suppliers Guide. I enclose 
cheque /money order for £18.50(100 
Swiss Francs) inclusive. 

Name 

Address 

'Cheques should be made payable to IPC 
Business Press Ltd. 

Registered in England. No. 677128 
Registered Office Dorset House. Stamford 
Street, London SE1 9LU. England. 
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EXCLUSIVE OFFERS 
WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
COMPLETE TRANSPORTABLE H.F. COMMUNICA- 
TIONS CENTRE h,awed in Air Conditioned 'PICA 1 1.15 It 
fitted tao CULLIN 4 KWl' -6 SOOW- K.K.B. Transmitter - 
Receivers and one COLLINS Receiver all fully tuneable 
2 to 30 mica digital readout synthesised frequency 
control, with line amplifiers and Inputs, operating 
position and remote control iaellitles and ancillary 
equipment. Power input 115V or 230V A.U. Full details 
on application. 

PHILCO HC -150 POINT -TO -POINT STRIP RADIO HF 
RECEIVERS 2/30 m,cs. Ten fully tuneable channels to 
0.5 kcs with synthesisers. Single and diversity reception 
on NH, DEB, SOB with 4 sub-bands to each channel. 
Full deidle and prices on apptidinn. 

HIGHEST QUALITY 19" 
MOUNTING CABINETS & 

CABINETS 
Height 11 idth listete koste Panel 

e nches in rohes I inches Space in ins n e69 t 

i20 
85 22 36 160 

25 n 47 
21 17 11 

21 - 15 12 

21 17 9 

20 12 

20 10 

het 
CR 
FA 
FC 
FM 
Fa 
LL6 
117 
LIB 
LL9 
LL10 
MM 

t PEW 

R,4 
RG 

RACK 
RACKS 

15 

15 

11 

16 
10 

17 

52 
75 

21 
21 

22 

17 

18 

26 

14 
9 

14 
46 
sg 

Mso Consoles. twin and multi -way Cabinets 
OPE2 RACKS 

Hetghf Channel Ruck Panel 
in inches Depih Spare Base 

66 2 51 14 

Full details of all above on request 

We have a large quantity of "bite and Oct'," 
wé cannot list -please amid us your requirement- 
we can probably help -all enquiries answered. 

Pnce 
624.00 
£22.00 
E17.00 
£12.00 
£12.00 
£15.00 
£15.00 
£15.00 
£15.00 
£15,00 
£22 00 

Price 
£900 

Lavoie 0S -62 Oscilloscopes 115v 15 m ces £65.00 
S.T.C. Rs 5 Receivers 0.5/30.0 m 'es £45.01 
45 feet Uniratio 4 Co -ax 50 ohms £2.00 
Furzehill Spectrum Analysers £55.00 
25 ft Telescopic Aerial Masts C24.00 
Bausch & Lombe Epidiascopes £45.00 
Advance LI Signal Generator 300.1000 m cs £70.00 
Addo 5/8 Track Tape Readers £48.00 
Digital Cassette Recorders 1i" 1000 dps C25000 
05.8 Oscilloscopes 115v £30.00 
16000516 mim Film Spools ally (unused) 10 for £4.00 
Quality electric Weather Vanes 8 contacts (unused) CI 5.00 
Heli Facsimile Machines £45.01 
Large Aerial Rotators for Coastal £18.00 
Collins 500 watt Telephone Transmitters 2,12 mes £300.00 
B.N.C. Connectors 200 for £42.00 
Video Cross Hatch TV Generators £17.01) 
Racal MA- 1751.S.ó. Modulators (new) £45.00 
Collins KWI.6 SSO Transceivers 50 watts 2/30 m, cs P.U.R. 
Imshde Cabinet Shelf Sliders £3.00 
DG -7'32 C.R.T.'s 
Remscope Storage Scope with tracer 
Textronic 519 Scope 1GHZ 
M.V.R. Action Replay 20 sec. Videodisc Unit 
Advance HI Signal Generators. 15 /5OKcs 
Varian VA175EA Backward Wave Oscilla tors 
Tally 5z8 Track Tape Readers 60 cps 
Tally 578 Track Tape Readers 120 cps 
2 KVA Auto -Transformers 
Content 40v 30A Power Supplies 
15 foot 15 inch Lattice Steel Mast Sections 
Cintel 2 KV Power Supplies 
Cawkell FU 4 Band Pass Filter Testers 
45 feet co-ax. 'd' dia 
Avo Geiger Counters (new) 
Rhode & Schwarz SBR sig gen. 1.6/2.4 gote 
Airmec 702 sig gen 30 eye 30 kcs 

£3.00 
£115.00 
C450.00 
P.U.R. 

£18.00 
P.U.R. 
£48.00 
£22.00 
£22.00 
£30.00 
£29.00 
£35.0o 
C60.00 
£2.00 
£7.50 

£70.00 
£26.01 

We have a quantity Of Power Transformers 250 watts to 
I5KVA at voltages up to 40KV. Best quality at low paces. 
list available. 

Racal RA -63 SSB Adaptors. new 
* Racal RA -237 LW Converters, new 

19' Blank Rack Panels MGM high 
Apeco Dial a Copy Photo Copier Electrostatic 
Hewlett Packard 524C Digital Counter 
Ponable Mains Battery Floodlights 
400 channel Pulse Height Spectrum Analysers 

£70.00 
C70.00 
£1.00 

C60.00 
P.U.R. 
£24.00 

£600.00 

We have a varied assort must of industrial and 
-professional Cathode Roy Mlles ai ailable. List ,iii 

request. 

INSTRUMENTATION -TAPE 
RECORDER -REPRODUCERS 

Ampex Ft12 speeds.7 trot, k.': 
Ampex FRI 100. 6 .peach. 2 tracks 's 
Ampex FR600. 4 speeds, 7 tracks 12 

Ampex FR600. 4 speeds. 14 tracks I" 
D.R.I. RM 1.4 speeds. 4 tracks '." 
EMI BTRI. I speed. 1 track'." 
EMI R3016.2 speeds. 2 tracks 1,." 

Mincom CMP -100. 6 speeds. 7 tracks'..':. I 

Leevers Rich DA -2P. 2 speeds. 2 tracks':" 
Prices of above £70 to £400 

Also Transport Decks only available 

COMPUTER HARDWARE 
* PRINTER, High speed 1000 lines 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. HARRIS 
ORGANFORD -DORSET 

BH16 6BR 
BOURNEMOUTH ;65051 

GIRO NO. 331 7056. Access end 
Barclaycard accepted. C.W.O. only 

Terms of butiqui- as in our catalogua 
Expert Order enquiries welcome 10 min.' 

Official Orders accepted from 
Educational & Government Departments. 

ALL PRICES INCLUDE VAT & P.B.P. 
E. & O. E, Shoo hours: 9- 12.30, 1.30 -5 p.m. 5 days 

Except Wednesday. 
- 1976 ISSUE 66 PAGES - 3000 ITEMS 

ILLUSTRA TED `FULLY 

COEDIT VOUCHERS 
ALL NEW STOCK 
`20p 

SATISFACTION 
GUARANTEE 
DISCOUNTS 

20p NEW PRICE LIST - S.A.E. 

PCT plus toi, FOR CAT. 4a 

patinae TRANSFORMERS 
'7A 4/ SEMICONDUCTORS 

OAF 
^a r HEATS1NKS - S-DEC 

MODULES - AUDIO 

' s AUDIO ACCESSORIES 
TOOLS - TEST METERS 

Se CALCULATORS - AUDIO 
LEADS- BATTERIES -KITS 

RESISTORS - CAPACITORS 
CASES - COILS -BOOKS roil CONNECTORS - VEROBOARD 

PC MATERIALS - HARDWARE 
<To. BOXES - SCREWS - KNOBS 

POTS - STORAGE UNITS.. ETC.. ETC. 

- \ 

SPECIAL RESISTOR KITS (CARBON FILM 5%) 
( Prices include post & packing) 

, 10E1 2 ',11W or' /aW KIT 10 of each E1 2 value. 
22ohms -1M, a total or 570 £5.29 net 
25E12 '/aW or ' /aW KIT 25 of each Ell value, 22 
ohms --1 M a total of 1425 £12.64 net 

SPECIAL CAPACITOR KITS 
DOS KO-PC Mounting polyester 250V 5 of each value 0.01. 0.022. 

0.047. 0.1. 22µF. 2 of 047. 1!,F £1.98 net. 

C296 Kit -Tubular polyester 400V 5 of each value 0.01.0.022.0.047. 0.1. 

ti 0.22oF. 2 of 0.47. F (2.67 net. 

Cossais Kit- square plaque 50115 of each plue 22.33.47. 100.220.330. 
470.1000J. 2209. 4700,F. 0.01µF £1.66 net. 

250V Paper Kil- Tuhular metal case. 3 of each value 0.05. 0.1. 0.25. 
0.51uF £1.41 net. 

500V Paper Kil- Tuhular metal case. 3 of each value 0.025. 0.05. 0.1. 

0.025. 0.5F E1.41 net 

1000V Paper Kit -Tubular metal case. 3 of each value 0.01. 0.025. 0.05. 

" 0.I,.F E1.63 net. 

B.H. COMPONENT FACTORS LTD. 
MULTIMETER U4341 

2 7 Ranges plus Transistor Tester. 
1 6, 700127 /Volt. up 
vdc--0 5 --750V In 6 ranges 

P -1 5 --75011 m 6 ranges. sac 
Idc-0 06-600mA in 5 ranges 
iac --0 3- -300mA in 4 ranges. 
fiesistance -2K 12 -2M )2 in 4 ranges xi 

Accuracy-- dc -2'/2% 
ac -4'o of F.S 0 .. 

- nie --10- -350 in 2 ranges. 
' Size- -115 x215x90mm 

Complete with steel carrying case, test 
leads and battery. PRICE £12.10 net P &P 75p 

U4341 

MULTIMETER U4313 
33 ranges Knife edge with mirror scale 
20.000!1 ' Volt. High accuracy, mVdc -25mV 

- .dc -1.5 --600V in 9 ranges 
Vac --1 5 --600V In 9 ranges. 
Idc --60- -120 microamps In 2 

- ltic --0 6-- 1500mA in 6 ranges 
lac- 0.6- 1500mA in 6 ranges. I :? 

Resistance -- 1 KIl - 1 ML' in 4 ranges. 
' rib scale-1 0 to + 1 2db 

Accuracy-dc-1 !/2%, ac -2' / %. 
" Size-1 1 5 x 215 x 90mm. tv 

Complete with steel carrying case. tc 
leads and battery -È - 
PRICE £16.09 net P &P 75p .i 31 3 

MULTIMETER U4323 
22 Ranges plus AF; IF Oscillator 
20000!2 r V011 

Vdc --O 5- -1000V in 7 ranges 
Vac- 2.5 -1000V in 6 ranges 
Ide- 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 appros 
Volt Size -- 160 x 97 x 40mm. 
Supplied complete with carrying case test leads and 
battery 
PFIC i £9.95, 't P &P 75p U4323 

MULTIMETER U4324 - 
,,q)es High sensnivity 
,011 Volt 

1':I,- -0.6 -1 200V in 9 ranges. 
-900V in 8 ranges 

i. -0 06 - 3A In 6 ranges 
lac -0 3 --3A in 5 ranges - 
Reststancei- 2511 --5M 12 in 5 ranges 
Accuracy -dc and R-21/2% of F S.D. 

ac and db 4% of F.S.D. 
Size -167 x 98 x 63mm. 
Supplied complete with storage case. test 
leads. spare diode and battery 
PRICE £11.72 eel P &P 733h 114324 

tVVvi, LEIGHTON ELECTRONICS CENTRE, 59 ,I ,, LEIGHTON BUZZARD, LU7 7EG. 
n Buzzard 2316 (Sid code 05252, 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 

1. 

Baker Group 35, 3, 8 or 15 ohm £10.25 
Baker Deluxe, 8 or 15 ohm £13.75 
Baker Major, 3, 8 or 15 ohm £11.87 
Baker Regent, 8 or 15 ohm £10.00 
Baker Superb, 8 or 15 ohm £18.12 
Celesbon HF1300 8 or 15 ohm £7.75 
Celestlon MH 1000 horn, 8 or 15 ohm .. £13.50 

a Decca London and X over £42.25 
Decca DK30 and X over £24.06 
EMI 5" Mid range £3.50 
EMI 61/2" d /cone roll Burr. 8 ohm £4.37 
EMI 8 X 5, 10 watt, d /c, roll /s 8 ohm £3.95 
EMI 14" x 9" Base 80 £13.25 
Elac 59RM 109 15 ohm, 59RM 1148 ohm £3.44 

Baker Group 25, 3. 8, or 15 ohm .... £8.64 

Elac 6 / " d/c roll /s8 ohm £4.06 
Fane Pop 15 watt 12" £5.25 
Fane Pop 25T 30 wan 12" £7.50 

'Fane Pop 50 watt, 12" £12.00 
.Fane Pop 55, 12" 60 watt £15.50 
Fane Pop 60 watt, 15" £17.25 
Fane Pop 70 watt 15" £18.75 
Fane Pop 100 watt, 18" £29.95 
Fane Crescendo 12A or B, 8 or 15 ohm £34.50 
Fane Crescendo 15, 8 or 15 ohm £47.50 
Fane Crescendo 18, 8 or 15 ohm 

.)s, 
£62.95 

Fane 807T 8" d/c roll 8 or 15 ohm £5.75 
Fane 80178 "d /troll /s8 ohm .. £9.95 
Goodmans 8P 8 or 15 ohm £5.95 
Goodmans 10P 8 or 15 ohm £6.25 
Goodmans 12P 8 or 15 ohm £13.95 
Goodmans 12P -D 8 or 15 ohms £16.95 
Goodmans 12P -G 8 or 15 ohms £15.95 
Goodmans AudioSn 100 15-ohm £13.90 
Goodmans Audiom 200 8 ohm £1 3.90 
Goodmans Axent 100 8 ohm £8.44 
Goodmans Axiom 402 8 or 15 ohm £20.00 
Goodmans Twinaxiom 8" 8 or 15 ohm . £10.55 
Goodmans Twinaxiom 10" 8 or 15 ohm £10.95 
Kef 727 £6.06 
Kef 715 £6.94 
Kef 8110 £8.37 
Kef B200 £9.50 
Kef 8139. £16.95 
Kef DN8 £2.31 
Kef DN12 £5.99 
Kef DN13 £4.50 
Richard Allan HP8B 8" 45 watt £13.25 
Richard Allan CG8T 8" d/c roll /s £7.50 
STC 400 1 G super tweeter £6.56 
Baker Major Module, each £14.75 
Goodmans Mezzo Twinkit, pair £47.19 
Goodmans DIN 20, 4 ohm, each £14.75 
Helme XLK35, pair £24.00 
Helme XLK40, pair £35.00 
Helme XLK30, pair £19.00 
Helme XLK50, pair £56.00 
Kefkit 1, pair £53.00 
Kefkit III. each £48.00 
Richard Allan Twinkit, each £14.95 
Richard Atan Triple 8, each £22.50 
Richard Allan Triple, each £27.95 
Richard Allan Super Triple, each £32.50 
Richard Allan RA8 kit, pair £42.00 
Richard Allan RA82 kit, pair £66.00 
Wharfedale Linton 2 kit (pair) £23.12 
Wharfedale Glendale 3 XP kit, pair £58.00 
Wharfedale Dovedale 3 kit, pair £63.12 
All Radford, Gauss, Castle, Jordan Watts, Eagle 

Lowther, Peerless Tannoy units in stock 
Prices correct at 3 2.76 

INCLUDING VAT AT 25% ON HI -FI 
8% ON PRO & P.A. 

Cabinets for PA AND HiFI, wadding, Vynair. 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 

Carnage Speakers 50peach, 1 2" and up 75p each 
tweeters and crossovers 30p each, kits 80p each 

(£1 60 pair) 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers 8. Export Dept: Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1HF. 
Discount HiFi, 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. 

WW-010 FOR FURTHER DETAILS 
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LOW PRICE 
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FOR VISITING 

TRAD 
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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 Electronic Components 
Exhibition Paris, April 5- 101976. Two 
nights at the de luxe Meridien Hotel. Fully 
inclusive price £86.50, extra nights as 
required. 

International Electrical and Electronics 
Engineers Exhibition - I.E. E. E. E LECTR O. - 
Boston - May 11 -14, 1976.10 nights at 
the de luxe Statler Hilton Hotel. Fully 
inclusive price- £283.00. 

Compec Europe Exhibition - Brussels - 
May 18 -20, 1976.2 nights at the first class 
Royal Windsor Hotel. Fully inclusive 
price - £108.60. 

National Computer Congress - New York 
June 7 -11, 1976. 10 nights at the de luxe 
Hilton Hotel at Rockefeller Centre. Fully 
inclusive price - £320.00. 

Exhibition of Electrical Equipment- El EE. 
Measurement and Control Exhibition - 
MESUCORA Paris, June 1 0 -1 7 1976. Two 
nights at the de luxe Meridien Hotel. Fully 
inclusive price £86.50, extra nights as 
required. 

Consumer Electronics Show and Video 
Expo - Chicago -June 13 -16, 1976.10 
nights at the de luxe Palmer House Hotel. 
Fully inclusive price £340.00. 

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. 

Please send details of the tours indicated above. 

NAME 

ADDRESS 

International Exhibition of Data Processing, 
Communication and Office Organisation - 
SICOB Paris, September 23 - October 10 
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. 

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. 

COMPANY 

Telephone 
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Appointments 
Advertisements accepted up to 

12 noon Monday, April 5th for 

the May issue subject to space 

being available. 

J 

DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm). 

LINE advertisements (run on): £1 per line, minimum three lines. 
BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SE1 9LU.). 

PHONE: Owen Bailey on 01 -261 8508 or 01 -261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

TEST AND LIAISON 
ENGINEERS 

Ferranti in Edinburgh have a number of Ministry of Defence contracts involving 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 

HND 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 

(51 23) 

FERRANTI 

YOUNG ELECTRONICS LTD. 

We are a manufacturer of fighting 
control systems and signal detection 
equipment, and are looking for a 

WI REMAN- TESTER 
(male or female) for the construction 
testing and servicing of the equip- 
ment at our works in N.W.1. Very 
varied work. Qualifications: ONC or 

C &G or ex- apprentice (electronics or 

mechanical) or similar desirable. A 

wide practical experience is essential 
involving both electronics and 
mechanical work. We are a small 
expanding company and will offer a 

good salary to the right person. 

Please write for an application form 
to: -Young Electronics Ltd, 184 
Royal College St, London NW1 9NN 

152381 

LORD MAYOR TRELOAR COLLEGE 

ELECTRONICS 
INSTRUCTOR 

required for September, 1976, to take charge of full -time Radio, 
Television & Electronics Course and teach both theory and craft 
practical to parts 1 and 2 standard of the City & Guilds Mechanics 
222 Course. 
Qualifications: Radio, Television & Electronics (272) Technician Part 
III Certificate including Colour TV Endorsement and experience, or 

equivalent. 

Salary: £4,000+ p.a. if fully qualified and experienced 
Superannuation. Accommodation at reasonable rent. 

Students are physically handicapped. Good record of results. 

Further details and application form from the Headmaster, Lord 
Mayor Treloar College, Froyle, Alton, Hampshire GU34 4LA 15200) 

Opportunities in the 
ELECTRONICS 

FIELD 
People with analogue or digital 
qualifications / experience seeking 
higher paid posts in TEST - SERVICE 
- DESIGN - SALES. 

Phone Mike Gernat, Ref. W.W. 

NEWMAN APPOINTMENTS 
360 Oxford Street, W.1. 

01 -629 0501 
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Radio Officers -now you can 
enjoy the comforts of home. 

Working for the Post Office Maritime Services really 
makes sense. You still do the work that interests you, 
but with all the advantages of a shore -based job: more 
time to enjoy home life, job security and good money. 
To qualify, you need a United Kingdom Maritime 
Radiocommunication Operator's General Certificate 
or First Class Certificate of competence in 
Radiotelegraphy, or an equivalent certificate issued 
by a Commonwealth Administration or the Irish 
Republic. 

Starting salaries, at 25 or over, are £2905 rising 
to £3704 after three years service. Between 19 and 
24, the starting salary varies from £2234 to £2627 

according to age. You'll also receive an allowance for 
shift duties which at the maximum of the scale 
averages £900 a sear 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 (R /B /1), 
FT 17.1.1.2.. Room 643, Union House, St. Martins-le- 
Grand, London EC1A lAR. 

Post Office e TeIIecoInillnnluln111CC1LllOo In1S5 
93 m 

Careers in 
Professiona 

i 
wo 

Electronics 

.,....--,-.00011111111111 . 
.. 

Your experience could open the door to a range of interesting and rewarding opportunities in 
the Design, Production or Service departments of a Company whose aroducts complement the 
most advanced modern electronic techniques. 

For more informat on apply in confidence to :- John Prodger, 

MARCONI INSTRUMENTS LIMITED 
Longacre:, St. Albans, Herts. Tel : St. Albans 59292 
A GEC -Macont Electronics Company 
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MI NM MN MN MI ME NM NM MI I= all EN 
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 
WW 15/3 

A leading US Manufacturer of TV Products 
requires 

ELECTRONICS 
ENGINEERS 

with extensive experience in digital techniques 
in one or more of the following areas: 

Synchronisers 
Time Base Correctors 
TV Related Software Development 
Data Reduction Systems 
Standards Conversion 

These senior appointments would be based in 

the U.S.A., salary and benefits commensurate 
with experience. Initial interview in U.K. 

Please send résumé to Box No. 5256. 

SYSTEMS ENGINEER 
Due to the rapid expansion of our Systems Group we have an 
excellent vacancy for a top grade Systems Engineer. 

The post is for a person to design and commission minicomputer 
systems utilising a wide range of computer hardware. This is an 
excellent opportunity for the go -ahead engineer capable of solving 
system problems. A sound knowledge of minicomputer systems is 

essential and a working knowledge of software would be a distinct 
advantage. 

For the right person this is a real opportunity for career advancement 

Qualifications. HNC /BSc in Electronics /Electrical 
Engineering. 
A most competitive salary will be 
paid for the right person. 

Salary. In the first instance contact Mrs. Jay Dee 

In the first instance contact Mrs. Jay Dee 

-0- 
SINTROM ELECTRONICS LIMITED 

2 ARKWRIGHT ROAD 
READING, RG2 OLS 

Tel: Reading (0734) 85464 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, April 1976 

Applications 
Engineers 
Audio Systems 
Tannoy, the internationally famous name in the field of 
industrial and high fidelity audio electronics, are 
engaged in a major programme of growth and 
development. 

To assist in this expansion the Company wish to recruit 
additional suitably experienced Applications Engineers. 
Application Engineers form part of the Engineering 
Division and are responsible for the interpretation of 
customer requirements in the audio communications 
field and the translation of these into engineering 
systems. There is a total involvement in the project from 
inception to completion and site visits may occasionally 
be necessary. 

Applicants, aged over 25, should have had experience 
in the design of audio and communication systems and 
should be qualified at least to ONC standard in 
electronic engineering. 

The company is in a particularly interesting stage of 
development and career prospects, for those able to 
accept responsibility and work conscientiously, are 
excellent. Salary is negotiable at an attractive level and 
normal company benefits apply including four weeks' 
holiday. 
For an application form, please write to or telephone 
Peter Fletcher, Personnel Manager, Tannoy Products 
Ltd., 348 Norwood Road, West Norwood, London, 
SE27. Tel. 01 -670 1131. 

15242) 

T1ANNt3Y 

North Midland Co- operative Society Ltd. 

require 

SENIOR 
AUDIO ENGINEER 

A grand opportunity for a suitable, capable engineer to 
co- ordinate the activities of our Audio service department, 
which undertake the wide service aspect across the consumer 
spectrum. 

The person appointed will be directly responsible to the Group 
Service Manager, and would not normally be expected to work 
on television or other equipment, but will be capable of dealing 
with customer inquiries and complaints. 
The initial wage rate is £58 per week, and accommodation may 
be available on rental. 

We are situated at the county border of Staffordshire, Cheshire 
and Derbyshire, which is a very attractive residential 
environment. 
If you desire a change with opportunities, and wish to join an 
organisation with sales in excess of £34 million per year, apply 
in the first instance giving details of career to date by letter to 
the: 

Personnel Officer 
10 Newcastle Street 
Burslem 
Stoke -on -Trent 
ST6 3QG 
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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 Technical Services Bureau, 
3A South Bar, 

Banbury, Oxfordshire. 
Banbury (0295) 53529 

Technical Services Bureau 
is a division of Technical & 
Executive Personnel Ltd and 
is solely concerned with job 
placement in the Electronics 
and Electrical Industries CJ 

Please note that this service is available only for 
engineers who are'(or will be) available in the U.K. for 
interview. 

Please send mean "Application for Registration" form 
NAME 
ADDRESS 

(90) 
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S You have a vital 
hi role to play as a 
; Test Engineer 
: with Pye .. 

PI 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

PR 

Vital because many of our products are used in 
situations in which their efficient operation may ill ,make all the difference between life and death. 

Much of our VHF radio equipment is used widely by 

III police, fire and ambulance services throughout the 
country and overseas too. And that's why you, as a 

Test Engineer with Pye in Cambridge, have an 
hi important part to play. 

Pye Telecom are one of the largest companies within 
the Pye Group. We're involved in the development 

MI and manufacture of a wide range of fixed, mobile 
and portable radio communications equipment and 

kii can, therefore, provide exceptional scope to 
experienced and ambitious engineers. 
As a Test Engineer, you'll be carrying out unit and 

MI systems testing and fault finding, utilising the most 
modern equipment and techniques in a highly 

III sophisticated quality control operation. 
We'd like you to have sound relevant test 
experience, preferably but not necessarily on 

hi communications equipment, and this experience 
might well have been gained in the Services. If you 
have an ONC or City & Guilds qualification, so much 
the better. 
You can look forward to a good salary and excellent 
career opportunities, both within the Company and 
the Pye Group as a whole. Attractive additional 
benefits include contributory pension scheme, a 

id good canteen, sports and social activities and 
assistance with relocation expenses where appro- 
priate. 
To find out more, telephone or write to Mrs. Audrey 
Darkin at Pye Telecommunications Ltd., Cambridge 

III Works, Elizabeth Way, Cambridge CB4 1 DW. Tel. 
Cambridge 58985; or Mrs. T. White, at Pye 
Telecommunications Ltd., Colne Valley Road, 

IM Haverhill, Suffolk. Tel. Haverhill 4422. 

1 
p PyeTelecommunications Ltd 

Newmarket Road Carnbndye England C:BS8PU 
Tel : Cambr dge (0223) 61222 Telex : 811661,EfftECOM cnMecE 

5209 

ti KO [ [ [[[ [[[ [ [ 
UNIVERSITY OF LEICESTER 

Department of Chemistry 

Applications are invited for :I 

post of 

EXPERIMENTAL 
OFFICER 

in the field of electronics. 
Candidates should be graduates 
or have equivalent professional 
qualifications. The post concerns 
the maintenance of analytical 
instrumentation, design and 
development of electronic 
equipment and a knowledge of 
modern electronics including 
digital, data logging and R.F. 
circuitry. Salary on an incremen- 
tal scale £2766 to £4602 a year. 
Applications should be forward- 
ed to the head of the Department 
of Chemistry, The University, 
Leicester LEI 7RH, as soon as 

possible. 
152451 
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OVERSEAS APPOINTMENTS 

ELECTRONICS 
TECHNICIANS 

Petty -Ray is one of the leading Companies in the field of oil 
exploration and due to our ever increasing workload require 
young single personnel, who are looking for varied and 
interesting career working overseas. 

You should be educated to HNC /ONC in Electronics of C & G 
radio and TV Technician level, and on appointment you will 
be assigned to one of our field crews either in Africa or the 
Middle East for on the job training in the operation and 
maintenance of digital seismic recording equipment. 
Candidates must be in possession of a current driving licence 
We offer a good starting salary which is tax free, food and 
accommodation will be provided and rest leaves are 
generous. 

If you would like to have more information about these 
challenging positions why not write giving brief career details 
to:- 

THE PERSONNEL OFFICER 
PETTY -RAY LTD. 

106 Coldharbour Lane 
Hayes, Middlesex 

UB3 3HL 1574 

- first in Sound and Vibration 

require 

ELECTRONIC TECHNICIANS 
for interesting and varied work in the fields of sound and vibration 
measuring instrumentation. This involves fault- finding, practical 
mechanical and electronic repairs and calibration. Previous experience 
with audio frequency equipment and a sound knowledge of current 
analogue and digital techniques is essential. (Valves to CMOS). We are 
looking for experienced' engineers with both adaptability and 
enthusiasm and an understanding of the need to maintain the highest 
possible standards at all times. 

Write, stating age, experience and present salary, to: Mr. Alan Gibson, 

B & K LABORATORIES LTD. 
Cross Lances Road, Hounslow, Middx. 

(5224) 

MANAGEMENT 
TRAINEE 

C. £2,500 
A young, technically orientated self- starter is required to train for 
Management in Fields, based initially with our instrument and 
Ancillaries Division at Croydon. 

The successful candidate will be in the early to mid -twenties, with 
a basic engineering knowledge, probably gained in an indentured 
apprenticeship, and at least two years' experience in purchasing 
or production management in the engineering industry. 

Prospects are excellent and the salary is negotiable in the region of 
t:2,500. 
Please apply for application form to:- 

COMPANY PERSONNEL MANAGER 

FIELD AIRCRAFT SERVICES 
HEATHROW AIRPORT - LONDON 

HOUNSLOW, MIDDLESEX, TW6 3AE 
TELEPHONE: 01 -759 2141, ext. 56 

5254 

CCTV ENGINEER 
A top London Advertising 
Agency with the most sophist' 
cated closed circuit T.V. facilities 
and a thorough understanding of 
the importance of good engin- 
eering has a vacancy for a young 
engineer. 

Applicants must have some 
experience in this field, and 
should be studying towards 
HNC. Day release is allowed for 
further study and a salary is 
offered in keeping with exper- 
ience and qualifications. 
Please write giving information 
of experience and qualifications. 
to: 

Neville Smith 
Television Department 

FOOTE, CONE & 
BELDING LTD. 
82 Baker Street 

London, W1 
Tel. 01 -935 4426 =111, 
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The Polytechnic 
of North London 

DEPARTMENT OF. 
PHYSICS 

Electronics or Physics? 
A difficult choice - for a clear under- 
standing of electronics you must know a 
great deal of basic physics; for experimen- 
tal physics you need to be familiar with 
modern electronic devices. The Physics 
Department offers a sandwich course, 
with 2 industrial training periods totalling 
15 months, in the CNAA Honours degree. 

The Physics and Technology 
of Electronics 
This course combines both subjects and 
can satisfy the academic requirements for 
corporate membership of both the Insti- 
tute of Physics and the Institution of 
Electrical Engineers. Obtain this degree 
first - you will then be better able to 
make your final choice of profession. 

MSc Course - The Physical 
Basis of Electronics 
This course is designed for graduates in 
either physics or electrical engineering 
who have realised the need to study the 
fundamentals of electronics. Full -time, 
part-time and evening only courses are 
available. 

Details of al/ courses from: 
The Head of the Physics Dept (Ref. WW I) 
THE POLYTECHNIC OF 
NORTH LONDON 
Holloway Road, London N7 8DB 
(Tel. 01-607 6767, Ext. 305) (5201) 

MALLA 
TECHNICAL STAFF 
334 Euston Road 
London NW1 3BG 
01 -387 1043 

ELECTRONICS AND COMPUTER 
PERSONNEL. QUALIFIED AND 
EXPERIENCED ALL SPECIALITIES, 
ALL AREAS. (5143, 

135 Appointments 

RHM MANAGEMENT SERVICES LIMITED 
RHM Management Services 
Ltd., a company within the 

RHM Group, require a Telecommunica- 
tions Engineer at Harlow to assist in 

the planning and implementation of their 
Tandem Switching Netwbrk, whcih will carry 

speech, data and facsimile traffic between many group 
locations. 

The Engineer will be a member of a team responsible for many 
aspects of computing and telecommunications includi-ig data transmis- 

sion, equipment development, computer system installation and fault diag- 
nosis. This role will be primarily concerred 

with Strowger and Crossbar switchirg,_ 
signalling, wide -band transmission, PABX /PMBX /PAX systems, facsimile and telex, plus 

conducting traffic surveys and liaison with suppliers, Post Office, Group Management. 

TELECOMMUNICATIONS 
ENGINEER 

There will also be opportunities to gain experience in other areas such as computer peripherals, 
terminals and data transmission. 

Experience in the primary areas together with possession of a City 8. 

Guilds Intermediate Certificate, or higher, in Telecommunications s 

essential. Salary negotiable. 

If you would like to know more about this unique op- 
portunity to join a really progressive outfit, 

please write or telephone for an application 
form to: Mrs. M. E. Saunders, Personnel 
Manager, RHM Management Services 

Limited, Joseph Rank House 
Northgate, The High 

Harlow, Essex CM20 1 LX 
Tel. Harlow 26831 ext. 113 

(5258) 

T.V. ENGINEERS 
FOR NEW ZEALAND 

Due to the rapid development of colour T.V. and the 
introduction of a second channel, we are in need of 
experienced T.V. servicemen. Who are we? N.Z.'s 
largest T.V. service company with over 30 branches and 
a staff of approximately 350. 

Single Men: 2 Year Contract Return Fares 
Guaranteed. 

Married Men: Subsidy provided to cover major part of 
air fares. 

Interested? Then write now enclosing a recent photo- 
graph, details of past experience and any qualifications 
to the Technical Staff Supervisor, Tisco Ltd., Private 
Bag, Royal Oak, Auckland, NEW ZEALAND. 

(5263, 

ELECTRONIC TECHNICIANS. Re- 
quired for fault finding diagnosis 
and testing of aircraft electronic 
equipment. Applicants should be 
qualified or studying H.N.C. or 
C.C. technicians or have consider- 
able experience in circuit fault 
finding and operation of standard 
test instruments. Apply in writing 
to:- Canford Aircraft Equipment 
Limited, Stansted Airport, Stansted, 
Essex. (5274) 

MARINE ELECTRONIC INSTALLA- 
TION REPAIR FIELD ENGINEER for 
work on Yachts UR and abroad. 
Must have experience radar com- 
munication. Auto pilots insRru- 
menits, etc. Must live in or near 
London. Apply to: Telesonic 
Marine Limited, 243 Euston Road. 
London NW1. Telephone: 01 -387 
7467. (5244) 

DEVON AREA HEALTH AUTHORITY 
(PLYMOUTH HEALTH CARE) 

CORNWALL & ISLES OF SCILLY 
AREA HEALTH AUTHORITY 

Medical Physics Department 
Plymouth General Hospital, Freedom Fields 

ELECTRONICS 
TECHNICIAN 

required for further expansion of the electronics service. The 
person appointed will join a small team in a well- equipped 
laboratory. He will be responsible to a graduate electronics 
engineer for maintenance of a wide range of patient- orienta- 
ted electronic equipment. Development of special -purpose 
systems is undertaken, and safety and purchase decisions are 
made on new equipment. 
Minimum qualifications: ONC or HNC. Some travel in S. 
Devon and Cornwall necessitates a current driving licence. 
The appointment will be in either of the following grades 
depending on experience: 

Medical Physics Technician Ill £2,931-£3,834 
Medical Physics Technician IV £2,346- £3,267 

Further details of the work may be obtained by telephoning 
Mr. L. R. Jenkin, Plymouth 68080, ext. 369. Application 
forms are available from Miss E. J. Coggins, Senior 
Administrative Assistant, North Friary House, Greenbank 
Terrace, Plymouth, PL4 8QQ. 

(52611 

RADIO -TELEPHONE Service En- 
gineer Wanted for workshops in 
S. London, must be reliable and 
experienced. Salary neg. 680 1010. 

(5141) 

AGENTS WANTED 

AGENTS required to sell quality 
electric soldering instruments and 
ancillary equipment to Industry. 
Commission only basis. Suit per- 
sons selling allied products who re- 
quire additional income. Good 
potential. Box No. 5227. 
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APPOINTMENTS 

ELECTROSONIC, S.E. LONDON 

Microprocessor 
Applications Engineer 

Salary not a limiting factor 

Project Engineer £3,000_£3600 

Test Engineer £2500 -£3100 

The Company has vacancies in its design, manufacturing and service 
division as outlined below Electrosonic Ltd., is leader in the rapidly 
expanding fields of lighting control, audio and audio visual systems 
and offers a wide range of interesting work in an attractive 
environment with excellent conditions of employment. 

Microprocessor Applications Engineer 
A Programming /Development Engineer is required to assist in the 
development of a range of audio visual and lighting control products 
based on the Intel 4040 microprocessor. 
Preference will be given towards experience gained in the design of 
software for real time applications using microprocessors together 
with some experience and knowledge of current digital techniques. 
A well equipped laboratory is available including a development 
computer, high speed reader, teletype and VDU. 
Projects already in hand will involve the applicant in both hardware 
and software aspects of product design but it is anticipated that 
eventually the applicant will specialise in software and advise the 
Company in other areas of Computer application. 

AUDIO PROJECT ENGINEER 
An Engineer is required with experience of planning and detailing 
special projects. He will be required to handle projects from initial 
concept to on -site commissioning and should have the ability to liaise 
with customer sales and production departments. 
ONC with a minimum of three years' experience in an electronics 
company essential, preferably with an audio background. Willingness 
to travel and a current driver's licence essential. This is an important 
post and remuneration will reflect qualifications and experience. 

TEST /SERVICE ENGINEERS 
Vacancies exist in both these departments for Electronic Engineers 
with at least two years' continuous experience in Industry additional 
to Industrial Training periods. On the job training will be given in the 
company's products and opportunities for advancement are available. 
Service Engineers will be required to work both in the factory and on 
site and the holding of a current driving licence is desirable. 

Applioations should be made by telephone or in writing to: 

Mr. R. D. Naisbitt, Personnel Director 
Electrosonic Ltd., 815 Woolwich Road, Charlton, London, SE7 8LT. 
Tel: 01- 855 1101. 

ARTICLES FOR SALE 

QUARTZ CRYSTAL 
UNITS from 

I O -SB.O MHZ 

FAST DELIVERY 

NIGH STABILITY 

TO DEE {2714 

TEL. HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT 1 

McKNIGHT 
CRYSTAL Co. Ltd. 
HARDLEY INDUSTRIAI 

ESTATE. HTINE. 

SOUTHAMPTON SO4 UT 

Crystalp 
ACCURATE /em 

RELIABLE !ti Ni* 

Private enquiries, send IOp m stamps for brochure 

THE QUARTZ CRYSTAL CO. LTD. 
(UCC W'pRKS. W'ELLINGTUN CRESCENT. 
Ni W MALDEN. SURREN 

. 

IxiEnEiFic 
A division of one of Britain's most rapidly 
expanding Scientific Companies require top 
people to work in RESEARCH and 
DEVELOPMENT. Attractive salaries are 
offered for the following positions based at 
East Grinstead. 

ELECTRONIC ENGINEERS 
TEST ENGINEERS 

PRINTED CIRCUIT 
DRAUGHTSMAN 

We require several young people, men and 
women, to work with an active research and 
development team engaged in the design of 
surface physics instruments. The successful 
applicants would require to have a sound 
knowledge of fundamental principles and a 

physics appreciation. The work entails the 
design and development of equipment 
working over a wide range of voltage 
current and frequency using a large variety 
of circuitry. 

Please write stating qualifications and 
experience to Mrs. S. Button, The 
Birches Industrial Estate, Imberhorne 
Lane, East Grinstead, Sussex. 

6202. 

CAPITAL 
APPOINTMENTS LTD. 

FIELD SERVICE ENGINEERS 
(ELECTRONICS) 

If you're not earning over £3,500 
p a. plus a car - then you had better 

contact us! 
lb 2031 

34 Perry Street, London, W 1 

01 -636 9659 (day) or 
550 0836 (evening) 

KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 

(University of London) 
Denmark Hill, London SE5 8RX 

ELECTRONICS 
TECHNICIAN 

Required to loin the Department 01 

Biomedical Engineering, to assist research 
groups within the department with the 
design, development and maintenance of 
electronic signal processing equipment . 

using analogue digital and radio- frequency 
techniques. 

Applicants should have experience in the 
held and possess an HNC or equivalent in 
electronics as a minimum. 

The post Is tenable for one year in the first 
instance, but is renewable up to a maximum 
of three years. Initial salary will be within 
the range E2823 -E4050 including London 
Allowance, commensurate with experience 
and qualifications. 
Applications giving details of age, qualifi- 
cations and experience, together with the 
names of two referees. should be sent to the 
Secretary, King's College Hospital Medical 
School, Laotian SE5. as soon as possible 

7131 

ARTICLES FOR SALE 

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 

For Sale 2 off PDP 11/05 
(16K); RK11 RK05 disc and 
bootstrap; LA 36 Dec Writer 
£9, 900. Other peripherals pos- 
sible. 
CETEC Systems Limited. Tel. 
(0494) 446311 - P. Herke, 
Managing Director. 

(5225) 
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ARTICLES FOR SALE 

, 

oSó ELECTROLYTIC 

1 CAPACITORS 
6V -63V 

50 PACK 1.68 MFD £1.00 
100 PACK 1,68 MFD £1.84 
50 PACK 10 -1000 MFD£1.52 

100 PACK 10 -1000 MFD £2.52 

CASH WITH ORDER 
PLUS 25% VAT - 

M.C.L. (DEPT. C) 
12 OAKINGTON AVE. 

RAYNERS LANE 
HARROW, MIDDX. 

_251 

libio optic supplier - 
MARES MARE'S TAIL 22" din. 7,000 + Fibres E10.00. Glass fibres 
resumes cover. 
PIBROREN SIZE 1 440 Strand Flexible Glass Light Conduit. I. I4mei 

Win DM.. BIKE Sheath. Ite £3.00: 100m C21110. 
HBROFLEN SIZE 4 1760 strand £1.50. 
EROFFON 1618 Flexible 64 Strand Deane Light Conduit. Kliwe Oie. 

LBmm. 00 3.3mm E1.20 per M. 10m E9.00. 
PLASTIC OPTICAL MONOFIBRE Flexible Light Guide Elie. 10. 20. At 
e Moe. RIO 100m E4.00. FP20 1C1.5meil 100in Et 00: FP 40 10m 

E4.00: 100m E32.00. FI60 IOe £B.00: IOSe E65.00. 
OPTINIT 103 2e, 0AOFON 1610 + On each 1P20. FP40. ELIO a- 

Polishing Campen& ideal iobonlmy pack £5.50. 
OPTMIT L66 Caere, Glass Lenses Ilia. 7r14/21 /26 / /7 /51mm (300. 
hems Mm mailable separeteryl. 
OPTINITS RR5 fire Retro-ReliCmn for OpIiv.i beam systems. tin 
,7 /36,44 /63mm a. 150me Strip. (2.50. 
ULTRASONIC TRANSDUCERS SE05B -40T /R Sereliwe 40DIL 

x Rs pair [Suitable for Doppler /Remote Control) E3.50. 
ULTRASONIC TRANSDUCERS SE048 -25T/R 25 kHz Ts /Rx Pair. 

Itener Sensitivity. Loser Bandwidth the SE058d0I E3.50. 
CIRCULAR POLARISERS Reduce glare oe all typo oI nutriment 
RED /AMBER or NEUTRAL 50 mm se. 70p: 75 HID OIL £1.40: 150 cm sq. 
14.50. Linear Polerlaers also available. 

OPTOELECTRONICS LIGHT SOURCES 6 DETECTORS 
Mw54 Zee Rod CO 20p. N1E0500 1092 Red LEO 20p. 
ì(C209 -Red l3ml 20p. AC209'T. xC209 -G Mho , Green) 30p. 
MUM? tetra Red tamer 30p. W.S203 Photo Thyristor EI.20. 
':N51T7 High Sesitiary PNMO Oerlegte 25V 50p. 
ORO 150 2mm Hph Speed PNmo'Tresistor 14 otI 40v 70p. 

Please add 8. VAT to price. S.A.E. please tor Mort term /data. 

FIBRE OPTIC SUPPLIERS (WW) 
6 CNIPPENNAM MEWS. LONDON. W9 x5206. 

IBM GOLFBALL 
COMPUTER INPUT /OUTPUT 

TYPEWRITERS 
STANDARD EBCDIC CODING 

Will accept normal or sprocketed paper 
Supplied in working order with data sheets. 
circuit diagram and application notes. Each 
machine serviced and tested. 

E100 + 8% VAT 
As above but modified to take office range 
of Golf Balls. £110 + 8% VAT. 
PAPST (or similar) FANS 4i/ x 41/2 x 2" 
100 c.f.m. 50/60 c/s E4 (40p), 
PAPST FANS Type 7576, new, 6" dia x 

2 3/ 16 deep E5 (45p). 
LIGHT DIMMERS 250w E2.70 (16p). 
BC107/8/9, BC147/8/9. BC157/8/9 
all 9p ea. (1 1 p). 
ELECTROLYTICS 
1O.000µ 63v £1 (28p). 280p 100v 80p 
(25p)2240µ 100v 75p (25p). 1000y 63v 
El (25p) 4500µ 35v 60p (15p. 2000y 
50v 35p (11p). 4O00µ 70v 80p (20p) 
4700µ 63v 80p (15p). 2500y 60v 50p. 
(12p). 
EX- COMPUTER PC PANELS. 2 x 4" 50 
boards for £2.40 (62p). 
OPCOA SCAT 7mm 7 -seg led display 

El (12p) 
OH bulbs 12v 55p 60p (10p) 
250 mixed resistors 60p (18p) 
250 mixed capacitors 60p (18p) 
Si rets 60A 100piv ... 4 for £1 (15p) 
SN3055 equiv 4 for £1 (1 5p) 
EXTRUDED HEAT SINK for 2 x T03 

SMALL ELECTROLYTICS 50p (15p), 

2 2µ 10v, 10p 35v. 50µ 40v. 100p 40v. 
100p 6v. 15Oµ 10v, 64p 10v, 300µ 10v 
200µ 10v, 12 for 45p (12p). 
PIHER PRESETS 100mW 
220. 470 1k, 4k7, 10k, 47k, 100k, 220k. 
12 for 50p (12p). 
6v 0.5A Transformer 75p (18p) 
ALMA REED RELAY CPR! /A 18 -30v 

50p (10p) 
REED RELAYS 6v coil h/d contacts 

5 for El (15p) 
REED INSERTS h/d contacts 

10 for £1 (12p) 
WATER- COOLED HEATSINKS ex egpt 

E1.20 (40p) 
CHROMED HANDLES 
5" mtg. centres per pair E1 (20p) 
8" mtg centres per pair £1.50 (25p) 

P &P Shown in brackets 
ADO 2S %VAT to TOTAL 

8% VAT on PSUs. FANS. DIMMERS, 
BOARDS 

KEYTRONICS 
Shop open Monday- Saturday, 9 -2 

332 LEY STREET, ILFORD, ESSEX 
01 -553 1863 till 2 p.m. 

01 -478 8499 after 2 p.m. 152201 
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ARTICLES FOR SALE 

E lectrOtime 
THE TIE 

FOR Y00 TO 
HAS 

JOIN THE 
ARRIVED 

DIGITAL REVOLUTION 

INTRODUCING A NEW RANGE OF QUARTZ CRYSTAL DIGITAL ELECTRONIC WATCHES 

CONTINUOUS LIQUID 
CRYSTAL DISPLAY 
MODEL TLC 4 
FEATURES- 
* Hours 
* Minutes / 
* Seconds 
* Date 

£39 
Inc VAT 

With unique 
Backlight feature 
for Night Reading 

ALL WATCHES FEATURE- 
* Solid State - No moving parts 
* Quartz Crystal Controlled, 

accurate to 5 secs. per month 
* Attractive Presentation Gift Box 

El 7.99 
Inc. VAT 

LED DISPLAY MODEL 
TLE3 

Jet Black Stainless Steel Bracelet 
(not plant c) 

FEATURES - * Hours 
* Minutes 
*Second 3 

ALL MODELS EXCEPT 
THE BLACK WATCH 
WITH GOLD PLATED 

OR RHODIUM 
BRACELET 

LED MODEL TLE 5 

£34.95 
inc. VAT 

FEATURES- 
* Hours 
* Minutes 
* Seconds 
* Date 
* Alpha Day 

ADD TO THE SOPHISTICATION OF YOUR LIFE 
WITH THIS UNIQUE DIGITAL ELECTRONIC CLOCK 

FEATURES - 
* large 4 -digit Easy Reac Display 
* Variable Display Intensity 
* AM /PM Indicator 
* 24 -hour Alarm 
* 5- minute Repeating Snooze 

Alarm 
* Power Interrupt Indication 
* Tilt Operation for Alarm Cancel 
* Pulsing Seconds Indicator 
* Attractive While Case 

Complete 
fully tested 
cased clock 

£14.50 
inc. VAT 

GENERAL CALCULATOR 
MODEL 1437 

FEATUHES- 

£13.80 
inc. VAT 

8 -Digit Capability 
Full Floating Pour 
Basic Functions 
1 
+, -, x, +. %) 

Automatic Power -on 
Clear 
Leading Zept 
Suppression 

PROGRAMMABLE 
SCIENTIFIC 

CALCULATOR MODEL 1421 

£50 Inc. VAT 
FEATURES -8 -Digit Capability. 
Full Floating Point, Three 
Register Stack; Memory; Trig 
Functions, Reciprocals. Ra- 
dians- Degrees. n Constant; Logs 
(In, log): Power Functions. 
Square/ Square Root. 
PLUS -Capability of being 
loaded with up to a 102 -step 
program from complex or 
tedious calculations. 

r 
Money back if not completely satisfied 

One -year guarantee with all models 

ELECTROTIME, 111 Storforth Lane Trading Estate 
Chesterfield, Derbyshire - Tel: 35804 

Please supply 

I enclose cheque /postal order /money order 

Na rrle 

Add -ess 

(52681 
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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. 

SEMICONDUCTOR 

CIRCUIT 
ELEMENTS 

Towers í D Price: £6.00 
ELECTRONIC CIRCUIT DESIGN 
HANDBOOK by EEE Magazine 

PRICE £5.10 
RADIO VALVE & SEMICON- 
DUCTOR DATA by A.. M Ball 

PRICE £2.50 
ELECTRONIC CIRCUITS & 
SYSTEMS by R. King 

PRICE £5.45 
HOW TO BUILD ELECTRONIC 
KITS by V Cape! PRICE £1.95 
ELECTRONIC TEST EQUIP- 
MENT by H T Kitchen 

PRICE £4.90 
HI -FI LOUDSPEAKERS & 
ENCLOSURES by A B Cohen 

PRICE £6.30 
DESIGNING CIRCUITS WITH 
IC OPERATIONAL AMPLI- 
FIERS by R G Seippel 

PRICE £3.45 
VIDEOTAPE RECORDING by J 
F Robinson PRICE £6.25 
FOUNDATION OF WIRELESS & 
ELECTRONICS by M G Scroggie 

PRICE £4.25 
HI -FI YEAR BOOK 1976 by K 

Ellmore PRICE £2.60 

*PRICES INCLUDE POSTAGE * 

THE MODERN BOOK CO 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W2 1NP 

Phone 723 4 185 
Closed Sat. ,1 p. m. 

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. 

A11 
CABLES ß COMPONENTS LTD J Park Avenue, London NW10 7XN 

Economise on Semiconductors 
All prices include VAT - by return service 

* Lower price CMOS * Low price DIL sockets 
* Lower price 741C * Low price NE555 

I+ 10+ 25+ 
723C + dala 14 pin DIL 70 68 64 
741C + dala 8 pin OIL 23 22 22 

748C + data 8 pin OIL 36 34 32 

LM308 + data B pin OIL 110 99 95 

NE555 + data 8 pin DIL 44 42 40 
CA3046 14 pin DIL 84 81 77 
T0Á1405 5V 650mA 80 76 74 
1051412 12V 500mA 80 76 74 
T0A1415 15V 450mA 75 72 70 
BCI07. 108. 109. 1090 11 10.5 IO 
BCI82. 184 12 11.5 11 

BC212.214 It 12.5 12 

H -P 0.2" LED red + clip 19 18 I7 
H.P LED red 18 17 16 

OIL low profile sockets 8 pin 11 10 9 

14 pin 12 II 10 
16 pin 13 12 11 

N -P 5082 -7740 cc digit 180 

MT242CS Trenslormer 150 

TTL Mixed 

7400 
7402 

7403 
7404 
7405 
7410 
1413 
7420 
7430 
7442 
7447 
7473 
7474 
7476 
7486 
7490 
7492 
7493 
74121 

prices 
1+ 25+ 
13 12 
13 12 
13 12 
15 13 

15 13 

13 12 
28 24 
13 12 

13 12 
60 54 
85 80 
28 24 
30 26 
30 26 
28 24 
45 38 
55 50 
45 38 
33 28 

CMOS Mixed prices 
1+ 25+ 

4000 17 16 
4001 16 15 
4002 16 15 
4006 104 95 
4007 I7 16 

4008 95 88 
4009 50 46 
4010 50 46 
4011 16 15 
4012 16 15 
4013 45 40 
4014 90 82 
4015 85 80 
4016 48 44 
4017 85 80 
4020 99 93 
4023 16 15 
4024 68 62 
4025 16 15 
4027 48 44 
4028 78 71 

4030 48 44 
4040 93 85 
4046 117 107 
4049 48 44 
4050 48 44 
4068 I7 16 
4071 I6 15 
4078 17 I6 
4081 I6 15 
4507 50 45 
4511 tab 126 
4518 110 101 

4520 112 103 
4527 138 126 

BC177 21 2113702 12 
BC179 22 283708 IO 
6E2448 30 263055 49 
BFY51 15 16914 4 

B2Y88G 

303-15 

80.5 -1224 16 pin OIL clock IC + dala + circuit 
Clock IC + 4 H.P 0.3" red digits 

Clock IC + 4 digits + transformer + transistors 
T80010AS 7W Audio Amp + circuit + data 

TCA940 IOW Audio Amp + circuits + data 

TAOIOO radio IC + IF filter + circuit + dala 

144001 

X4002 
04003 
144004 

114006 

N4148 

4 
4.5 
5 

6 
7 

4 

4 00 
11.00 
1 3.00 

1.15 
2.00 
1 70 

Carbon Film high stab. resistor. I.W 54. 012 values 10ohm - 2M2. Lip ea. III for 
10p. 100 90p. Same value. 

All prices include VAT. P &P (UK) 12p. Overseas at cost. SAE enquiries. All 
goods new. Full spec. devices from Motorola, Mullard, TI, SGS, etc. Schools, 
colleges, etc., supplied. By return service. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road. Caddington, Luton LU1 4AL 

(40) 

°c4E ELECTRONICS 
COMPONENTS 

4026 .13 BFIBO 25 21904 IB 

1027 .13 80181 .25 252905 .18 
AC128 .II 00200 25 2112905 18 

AC151 .l8 BFI97 19 282907 18 
AC152 .25 Bf195 PJ 2X29266 09 
AC153 .27 BF198 12 2830.13 20 
ACI 76 .14 BF199 12 2143054 .40 
AC1875 .27 BF251 .24 253055 .45 
AC188x 27 00258 .24 2113393 .12 
40161 .35 00259 24 283441 56 
40162 35 BFX29 22 283442 .96 
134102 10 81030 .22 253638 10 

84013 .03 80084 .20 2836388 10 

BA016 .04 80085 27 283702 .10 
BC107 09 Of 3118 .20 2X3703 .10 
0008 09 BFY50 19 253704 10 
BCIOB 09 8E151 19 2113705 .I0 
8007 09 80152 .19 283706 .10 
BCI48 09 80126 .11 253708 10 

ICI 49 09 80121 .11 2113771 1.25 
BC167 10 01447 .06 283772 1.35 
BC168 10 0190 253773 2.00 
BCIfi9 .10 0181 .04 2113914 II 
BCIa2 

ás 
01200 05 283906 .12 

BC183 04202 05 2115294 .35 
BC184 .09 IN914 04 2115296 .35 
BC212 095 114004 05 2115298 .35 
BC213 095 m4007 .06 283794 .20 
RC214 .095 114148 2113819 .30 
BC237 es 18920 

.03 
05 203820 55 

BC238 08 15921 .05 214036 .55 
BC239 08 15923 .05 2114037 40 
BC3B7 

BC31a 
09 
09 

214697 

211698 

15 
I4 

284286 
284921 

.20 

.80 
BC319 es 21706 10 285060 25 
BC727 12 ^X708 10 2114289 .25 
011328 12 21916 .23 215441 12 

BCY70 it 211305 25 285449 .12 
BCY71 13 281307 .25 '2X5457 30 
BC072 .12 281308 25 2115458 27 
B0131 .30 211613 15 2116027 40 
B0132 .30 2N1111 15 40351 .45 
80135 .25 212218 75 40352 40 
BD136 26 21422184 .18 40408 12 

B0137 2/ 252219 I75 40409 4'[ 

B0138 28 21122190 le 40410 42 
B0139 . 29 2112221 175 40602 55 
00140 31 2822218 18 40636 1.00 
BOY56 1.00 212222 175 40673 60 
01115 20 282646 JO 

15222. 

FULLY GUARANTEED 
Ma,' otler aniv VAT e.lta oda 200 
Bran,.Elecl,oncs 
PO Bon No 10Fsnnontls0r,s10105162L% 
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INSCO ELECTRONICS 
POWER SUPPLY MANUFACTURER 
Whitehill Industrial Estate, Glenrothes, Fife 
Other information Telephone (0592) 771959 

Scolab series to provide Designers with complete Lab capability in one instrument. 
0 -30V lA + Balance. Tracking 
0 -30V -1A Sim /Triangular /Square £1 28.00 
Wave. Form Generator Adjustable between 1 Hz and 1 mHz 0 -10V 
Same as above, but inclusive 16-BIT. 10mHz Digital Word Generator. (TTL) £1 66.00. 

INSCO ELECTRONICS 
78 WHITECRAIGS ROAD 
WHITEHILL INDUSTRIAL ESTATE 
GLENROTHES, FIFE 

DIRECT 
COMMUNICATIONS 

Division of Direct 
Electronics Ltd. 
INTERCOMMS & 

TELEPHONES 

Simple 2 -way wall /desk with 100ft cable. 
6v bait. w power supply, £16 8:1 p &p). 

Similar but 2- to 7 -way instrument only 
Installation diagram. £8.50 each (50p) 

Superior 2- to 6 -way Siemens & Halske 
Wall -desk conversion kit, term. block and 
cord per instrument £10 (50p) 

AUTOMATIC INSTRUMENTS. Strowger 
compatible or PX working 
New /refurbished /2nd hand. 232 332 706 
746 722 (Trimfone), etc. Special and 
foreign types. 

ULTRA MODERN TYPES. "Gondola' 
International Touch- button dial: Charleston 
(candlestick). etc . from 02.85 

Plan &.Key Phones for home and export 
Jacks: Plugs; Cords: Term. Blocks; Cables 
lop to 25 -way and 50 pair), etc. 

Entrance Phones and Electric Latches. 
with or without intercomm. facility 

Telephone Amplifier (1 -way), £6.95 
(35p); hands -free tele amp. (two -way 
conversation), £9.50 (50p) 
* TRANSISTORISED UNITS. Simple 2 -way 
batt. intercomm. £7.75 (60p); Batt. Baby 
Alarm £5.25 (50p); Intercomm. with roving 
master O 50 (50p) 

Wireless Intercomm. (lust plug into 
mains): 2-way £20 (£1): ban. op. 3 -way 
(master + 2 subs) £23.95 (£1); 4 -way 
(master + 3 subs) £28.50 k1) 

Mains adaptor 6v /7.5v/9v dc £3.75 
(35p) 

Add VAT = 8 %; * = 25% on post paid 
price 

TRADE ENQUIRIES WELCOMED 

MANY SURPLUS ELECTRONIC BARGAINS 
FROM OLD STOCK STILL LEFT - COME 

AND DO A DEAL! 

34 LISLE STREET, LONDON WC2H 
780 

Tel: 01-437 2524 

15216) 

SONAR IND UNITS. Modern style 
unit with 5in sq. flat face electro- 
static tube with dual beam and 
blue /yell phosfor, module construc- 
tion with approx 40 min & sub 
min valves as int eht unit ose type 
giving 2.7Kv regs ext HT supplies. 
CRT as two separate deflection & 
gun systems normally gives slow 
speed scan from bottom to top of 
crt. Ex equipment with cire £13. 
Trimmers 3/10pf ceramic 10x9mm 
5 for 50p. Feedthrough conds Erie 
type COMM 1000pf 500v solder 
in type 20 for £1. Erie type 1214 
Filtercons 1750pf 250v solder in 
type good to 19Ghz 10 for £1. Horn 
speaker unit for M /cycle 3 ohm 
size 5x3in. with mt brk £2.50. 
Recording paper heart sensitive 
sprocket feed drive centres approx 
911n. £1.30 per roll. Remote 6 chan 
Tx Rs crystal selector with holders 
for Hob /u crystals also 6x BC108, 
6xTrim Bx Coils etc. £1.60. Hand- 
sets with low imp earpiece & 9K 
imp mike have small push button 
at rear of earpiece with ext cable 
£1.50. Crystal filters all 10.7Mc /s 
c.f. size 38x16x18mm 30Kc b.p. 
£1.30. 15Kc £1.60. 12Kc £1.60, In- 
tegrated Cires three types CA3014 
w.b. amp & disc. ULN2111A w.b. 
amp & product det. TAA300 a.f. 
amp 1 watt into 8 ohms one of 
ea with data sits £1,50. Dish Aes 
18in. dia. 41in. deep at centre in 
l6g dural plain finish £3.80. Pwr 
Transis Lucas type DT6106 sil npn 
Vc 500v lc 10a £3.50. Filters TVI 
high pass fits into down lead rear 
of set standard coax fittings 4 for 
£1.30, Coax leads BNC to BNC 
1.5mts 50 ohm £2.30. Min rot swt 
2p 5w §x.' shaft 2 for 60p. Atten 
units STC 0 to .9Db in .1 steps 75 
ohm cal at DC & 50Mc /s £5. S'ig 
Gens CT478 mains 1.3 to 4,2KMc /s 
in two bands int mod etc ex equip 
£35. Decca marine scanner X band 
on base approx size 5ft x Oft Sin 
with qty of w.g. x equip £45 plus 
carr. All pices inc. VAT and post, 
all items are new, unused, unless 
stated ex. equip. A. H. SUPPLIES, 
122 Handsworth Rd., Sheffield S9 
4AE. Tel. 0742 -444778. (5265) 

TIDY PACK with 6 different sizes 
of heat shrink sleeving each 1M 
in length 100 self -locking cable ties 
and a roll of black PVC tape. All 
for only £2 inc. VAT & PP. B.D.O. 
Products Ltd., Retail Division, 13A 
Heath Road, St Albans Herts. 

(5090 

WE INVITE ENQUIRIES from any- 
where in the World. We have in 
stock several million carbon resis- 
tors 1th, ; }, and 1 watt. } million 
wire wound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - 3 million 
transistors and diodes, thousands of 
potentiometers, and hosts of other 
components. Write, phone or call 
at our warehouse - Broadfields & 
Mayoo Disposals Ltd., 21 Lodge 
Lane, N. Finchley, London, N.12. 
01 -445 0749, 445 2713. (5097) 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For fastest, best CASH offer, phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3106 

CRYSTALS 
Fad delivery of prototype and production quantities lo your 
specification EG 

100 KHz 0005', 11CI3/0 E2.5e each E1.900 per 1.80, 
f fit 0005'. iC6/11 C2.50 each t 1,600 per 1 000 
2.09702 86 0.0025', ICE/11 £3.05 sub C1.550 par 1.000 . 

32758 RR 00025'. 006/11 E270 Reel EISm pr 1.000 
101M1[ 0.002% KCISN Elm aok 1.100 pr 1000 

Also Statek LF. crystals in T0 -5 package. 
stock frequencies in the range 10 -240 KHz e g 
10. 12.8. 16.384, 32 768 & 100 KHz. potes from 
E2.55 each £ 1.400 per 1 000 
Please send for further details 
INTERFACE QUARTZ DEVICES LTD., 29 
Market Street. Crewkerne. Somerset. Tele- 
phone: 1046031/ 2578 Telex. 46283 

MICROPHONE PREAMPLIFIER 
Sma,i tX txra «f (/0,90m eluting two :1(1 -600 
uhnl nucrophones (balanced inputsi and leading loads 
down to 5 Kohm Board plugs Into 12 -way gold edge 
connector )supplied) and has presets for gam. 1 5dB 
rtaise figure Supply + 24V Board built and tested 
07 Kit E29 

STEREO DISC AMP 
FOR. BROADCASTING AND DISC MONITORING 
Magnetic canndge to balanced lines with HF and LF 
filtering Excellent distortion and overload perfor 
manta MEETS IBA SPECIFICATION. 6106. 

10- OUTLET DISTRIBUTION AMP 
One balanced input - 10 Isolated balanced outputs 

GENERAL STUDIO WORK * FEEDING MULTIPLE 
SLAVE HA AMI'LIFICUS s DRIVING FOLDBACK 

HEADPHONES 
Meets IBA signal path spec,ficatmn. 

Complete and boxed unit E100 
Set of pans excluding case and all XLR connectors 

C62. 

PEAK PROGRAM METERS TO BS4297 
also 200KH2 version for high speed copying 

Drive chrCuri. 35 x 8omm for 1mA L H zero meter to 
BBC 001498 Gold 8 -way edge con supplied. 
Complete kit E13. Batt and aligned 019.00 
ERNEST TURNER PPM meters, scalings 1 7 
OR -22/ +4 Types 642: 71 x 56mm E14; 643. 102 e 
'9mm 016.70; Twin movement. scale 86 e 54mm 
042.00. 

STABILIZER 
FOR HOWL REDUCTION, BALANCED AND 

UNBALANCED VERSIONS BOXED 
OR RACK MOUNTING 

PUBLIC ADDRESS : SOUND REINFORCEMENT 

+511z Fixed Shift Circuit Boards for WW 
July 1973 article. 
Small enough to be built inside the cabinets of many 
amplifiers 
WOW N nil Neri [24.s6d9s PSU 8 designer DESIGÑER 
Nerd Pik end Wiped E31 Woodmen., approved. APPROVED 

SPECTRUM SHIFTER 
Variable sh,hs 0 1 - 1000Hz for weird special effects 
on speech or music 

SURREY ELECTRONICS 
The Forge, Lucks Green, Cranleigh 
Surrey GUS 7BG (STD 04888( 5997 

CASH WITH ORDER less 5% 
UK POST FREE ADD VAT at 8% 
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ARTICLES FOR SALE 

PRECISION 
POLYCARBONATE 

CAPACITORS 
All High Stability - Extremely Low 

Leakage 
440V 
RANGE: DIMENSIONS 
V` 

L 
E (mm) 

L D 
PRICE 63 % Range I% 
EACH: 

2% 5% 

0.1µF 27 12.7 51p 0.47,F 67p 50p 43p 
0.22,F 33 16 64p IO,F 82p 62p 52p 
0.254E 33 16 67p 2.2µF 96p 75p 61p 
0.474E 33 19 OOp 4.7F C1.62 0.13 91p 
0.5,F 33 19 87p 084E 0.96 £1.38 £1.13 
0.68µF 508 19 93p 104E C2.40 £1.95 £1.64 
1.0pF 50.8 19 £1.03 15 F 03.22 12.79 £2.34 
2.04E 50.8 25.4 £1.44 22.F 0428 0.68 £3.06 

'TANTALUM BEAD CAPACITORS - Values 
available: 0.1. 0.22, 0.47. 1.0. 22. 4.0. 6,,F at 
15V/25V or 35V: 10µF at 16V/20V or 25V. 22.0µF at 
6V or 16V; 33.01/F at 6V or 10V, 47.0µF at 3V or 6V: 
100.0µF at 3V. ALL at IOp each 10 for 95p. 50 for 0. 

TRANSISTORS : IC.s 
AC128 14p -BC268A/384.1 0K'71 12p 
AC176 16p ' 8C547'558Al2p 2N29200 12p 
AD149 40p BCY72 12p '2 N29260 IIp 
AFI78 30p BD131 13239p '2N2926V Ilp 
AF239 38p BF115 167 22p 2N3054 65p 
80107.8/9 9p 8F173 24p 253055 30p 
13C114 12p 8F178 26p 2N3702/ 
BC147/8/9 10p BFI84 22p 3704 IIp 

BC153/154 12p BF194/795.12p - TIP30A 52p 
`BC157/8'9 12p BFI46 /197' 124 TIP3IA 55p 
BC177 I8p BF200 Z7p TIP32A " 64p 
BC182/182LIIp ' BF262/263'60p T1P305.5 55p 
BCI83 1831.11p BFY50,51/5220p MPLII3I 49p 

'BC184:184L12p BFX84/0651820p NFS,55 6Ip 
8C212. 212L14p 8FX05 26p 741C 32p 
'BC213:213L11p BRIO1 4lp ZN414 £1.13 
"BC214/214LIIp GET872 254 SN760I3ND 

BC267 12p 0X'44 .C1C45 1µp £1.50 
POPULAR DIO ES -1N914 Op, 8 or 454. 18 for 
90p; IN916 öp. 6 for 45p. 14 for 90p; 1S44 Sp. 1I for 
50p, 24 for CI.00; 1N4148 5p, 6 for 27p. 12 for 48p; 
1N4001 S'np; 002 6p; 003 6',p; 004 7p; 006 8p; 007 

8'sp. 
LOW PRICE ZENER DIODES -400M W Tol. _5% 
at 5mA. Valdes available: 3V. 3.3V. 3.6V, 4.7V, 5.I V. 
5.6V. 6.2V. 6.8V. 75V. 8.2V. 9.1V, I0V. I IV, 12V. 
13V.13.5V.15V. I6V. 18V. 20V. 22V, 24V. 27V, 30V. 
All at 7p each. 5 for 33p; 10 for 65p. SPECIAL 
OFFER: 100 Zeners for C6.00. 
"RESISTORS-High stability. low noise carbon 
film 5 %. ',W at 40'C. 'oW at 70`C. E12 series 
only -from 2.211 to 2.2M12, ALL at I p each. 8p for IS 

d any one value. 70p for 100 of any one value. 
SPECIAL PACK. 10 of each value 220 to 2.2MS: 
(730 resistors) £5. 
SILICON PLASTIC RECTIFIERS-1.5 amp, brand 
new wire ended D027; 100 P.I.V. 7p (4 for 28p). 400 

P.I.V. Op (4 for Sop). 
BRIDGE RECTIFIERS -2'3 amp. 200V 40p. 350V 
45p. 60ov 55p. 
'SUBMINIATURE VERTICAL PRESETS -0.1W 
only. ALL at 51) each: 5011. 10012. 2200. 470)). 6801), 

Ik)), 2.2kí2. 4.710.1, 6.ßk12, IObI!, ISkII. 2210í. 47kI1, 
68k11, 10012.250kí1, 680kí2, IMII. 2.5M:í. SMí2. 

PLEASE ADD 15p POST AND PACKING ON ALL 
ORDI.RS BELOW 0. ALL EXPORT ORDERS 
ADD COST OF SEA/AIR MAIL. 
PLEASE ADD 8% VAT to all items except those 

narked with which are 25% 

Send S.A.E. for lists of additional ex.stock items. 
Wholesale price lists available to bona fide 

companies 

MARCO TRADING 
(Dept. D1 ) 

The Old School, Edstaston, Nr. 
Wem Shropshire 

Tel. Whixall (Shropshire) (STD 
094872) 464/5 

(Prnprs: Minicost Trading I.td. 1 1521 7) 

FREELANCE TECHNICAL AUTHOR 
and design engineer seeks commis- 
sions for handbook writing. 
preparation of test specs. etc. 
0276.33479 (Camberley). (5233) 

" COLLECTORS " ITEM: Bundles of 
" Wireless World " etc. going back 
to 1929. What offers? Too heavy to 
go by post. Mrs. Mowforth, 5 Wil- 
ton Road, Hornsea, N. Humberside. 

(5230) 

COMPUTER SYSTEM PDP11 -20 with 
PC11 high speed reader and punch 
and ASR33 teletype, in DEC 
cabinet complete with software and 
manuals. For sale at £2,400 - 
Demonstration by appt. Worthing 
(0903) 46542 evenings. (5229) 

COMPONENT BARGAINS. Full 
spec, 741 20p,'555 37p, 7447 decoders 
58p, BD142 (Motorola 115W 40V) 
25p, BC108 6p. Mullard polyesters, 
50 mixed 1 & 2.2 microfarads 250V, 
tested but some cosmetic imper- 
fections so £1. Mixed electrolytics, 
500 untested El. Minimum order £1, 
s.a.e, for discounts and full list, 
add 40p p.p. for capacitors or 
20p for rest. R. Wardle. 3 Birming- 
ham Road London SW15 1BE. 

(5275) 

TELERADIO HI FI 
OFFER 

L. LINSLEY HOOD 
HIGH QUAUTY AMPLIFIERS AND TEST 

EQUIPMENT 
30 -75 Walt Amplifier Kil 512.00 Made 515.95 
Pre -Amplifier Kit E7.50 Made 510.00 
Power Supply Unit Kit 513.70 Made 515.30 
F.M. Tuner (stereo' Kit 540.00 

Low Distortion Audio 

Oscillator Kil £14.00° Made 518.00 
Milli Voltmeter Kil Kit 515.25° 
T.H.O. Analyser Kit 518.50° 
Rep. P.S.U.0:6OV. IA Kit 517.30" 

Frequency meter. Price to be announced 

*Tax 8 %. Other items 25% 

FOR DETAILED AND ILLUSTRATED LISTS SEND S.A.E. 

FM Tuner 
- `.. ..... ,..... ,. . .. .. 

AI 

AArta 
75 watt 

Atillivnitmeter 

325 Fore St., Edmonton. London N.9 
01-807 3719 Closed Thursdays 152101 

OSCILLOSCOPE, Dual Trace type 
CI -16 D.C. to 5 MHz. As new, owner 
emigrating, £SO o.n.o. Crayford 
521506. (5236) 

V.H.F. A.M. radio installation con- 
sisting of the following G.E.C. 
equipment:- 1 High power fixed 
TX /RX RC 760. 1 Low power fixed 
transceiver RC 750, 3 Portable trans- 
ceivers RC 660. 3 Personal trans- 
ceivers RC 550 -TR with batteries a(51 

68) 
Phone Pickering ick 

LOUDSPEAKER UNITS - UK's 
lowest prices for KEF, Celestion, 
Peerless, etc. SiAE lists. Soundbox, 
60 Penland Road, Haywards Heath. 
Sussex. Tel. 56822. (5A1) 

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 

C.R.T. REGUNNING PLANT. New 
and secondhand reconditioned 
training, demonstration, colour or 
B /W. Barretts, Mayo Road, Croydon, 
Surrey. CRO 2QP. (36) 

16MM B & H 631 Sound projectors 
c/w speaker and transformers £135. - Hilton Cine, 9 West Hill. Dart- 
ford -T. 20009. (15 

500 DUAL STANDARD COLOUR 
TV's, In stock from £30. Contact: 
S.H.C. Television. Norlett Building, 
Dormer Road, Theme, Oxon. Theme 
4331. (20) 

LINSLEY -HOOD 75 watt amplifier 
spares by return. Sescosem BDY56 
51.75, Motorola BD529 65p, BD530 
65p, BF258 35p, 2N5457 45p, 2N5459 
45p. BC109C 12p, BC182L 10p, 
BC184L 11p, BC212L 12p, BC214L 
13p, 13FR39 35p, BFR79 35p. MC1310P 
£2.70. Headphone socket kit, with 
instructions, £1.45, Filter switch 
click and mains /rf interference 
suppression kit, with instructions, 
£1.35, Inclusive prices. All com- 
ponents brand new and guaranteed. 
P & P 10p. List SAE. I. G. Bowman 
(Dept WW), 59 Fowey Avenue, 
Torquay, S. Devon, (5262) 

11111P4 ," FoR SOUND SENSE 
MIX WITH 

PARTRIDGE 
ELECTRONICS 

MANUFACTURERS OF AUDIO 
MIXERS, BIG AND SMALL, FOR r ALL PURPOSES 

BUDGET KITS 

OR CUSTOM BUILT 

M 

21 -25 Hart Road, Benfleet, Essex 

Phone: (03745) 3256 

a. 

t r 
FERRANTI J4 GYRO'S (Four) 
cased. 55 m/m x 30 m/m rotor. 
With driving invertor. £50. Tel: 
04868 7088. (5228) 

DISCO & LIGHTING by Citronic, 
F'AL ESE, PULSAR, OPTIKENETICS, 
EAGLE, etc. Also special bargains 
in components S/M equipment. 
SAE. M. Bond, 38 The Orchard, 
Market Deeping, Peterborough, 

(5235) 

TF144G, 85 KHz to 25 MHz Signal 
Generator. Offers - 6 As a ree 
Close, Worlingham, Nr. Beccles, 
Suffolk. Tel: Beccles 713786. 

(5261) 

18 OLD COPIES OF WIRELESS 
WORLD. 1920 to 1938. £7.50. - 01- 
882 0638. (5247) 

RANK STUDIO FLUTTER METER 
type 1740 - £175. Heathkit 
laboratory oscilloscope model 10- 
18U - £25. Heathkit sine /square 
wave audio signal generator model 
1G -18 - £35. All items in excellent 
condition. - Phone 0254 71881. 

(5246) 

EVERSHED & VIGNOLES MURDAY 
twin pen chart recorder complete 
with 2 x 6in paper rolls (lx cali- 
brated) 2 off pens, ink also spare 
complete "X" drive meth, with 
synchronous motor and service 
manual. £25. Tel: Brighton 684286. 

(5251) 

AVO TRANSISTOR ANALYSER 
CT446. Complete with battery pack 
and service manual. Absolutely 
mint condition. £35. - Tel: Brigh- 
ton 684286. (5252) 

IBM GOLFBALL TYPEWRITER, com- 
puter terminal in excellent con- 
dition with TTL interface to trans- 
mit and receive 7 bit parallel A.S.C. 
code. Price £380 or near offer. Tel: 
01 -485 6162, 'Mr. Papas. (5282) 

STELLAVOX SP7 portable tape 
recorder. 4.8 - 76 CMS /SEC, 
variable head and amplifier con- 
figuration by plug in modules. Used 
for one project, as new condition 
with accessories and a quantity of 
new tape. £550. Dawson. 387 6945 
or 673 5273. (5280) 

AUDIX MXT200 MIXER. 10 MIC and 
2 Line inputs, 2 output Groups, 
monitor, £350. Shelford (Combs) 
3860. (5283) 

DISCO UNIT, consisting of two. KF 
speakers. output 50w, two turn 
tables, one Garrard the other BSR 
nlus D.J. Disco amplifier with 
microphone and headphones. £350 
for quick sale. Also comprehensive 
record sellection available with 
unit. Tel: 01 -440 4153 or 01 -886 
7026. (5284) 

COLOUR UHF and TV SPARES. 
Lists available on request "Wireless 
World" TV tuner project, by D. C. 
Read. Kits of parts available. New 
cross hatch kit, Aerial input type. 
No other connections. Battery 
operated, portable. Incl. Sync & 
UHF Moderator units. £11.00 p/p 
45p. CRT Reactivator kit for colour 
and mono £17.48 p/p 70p. Signal 
strength meter kit £18.00 p/p 60p. 
625 TV I.F. Unit, suitable for Hi -Fi 
amp on tape recording 16.80 p /Ip 
60p. Bush CTV 25 new convergence 
panels + yoke and blue lateral 
£3.60 p/p 65p. New Philips single 
standard convergence panels com- 
plete, incl. 16 controls oohs P.B. 
switches, leads £3.75 p/p 65p. New 
colour scan coils, Mullard or Ples- 
sey, plus convergence yoke and 
blue lateral £9.20 p/p 70p. Mullard 
at 1023/05 convergence yoke £2.50 
p/p 50p. Mullard or Plessey Blue 
laterals 75p p/p 25p. BRC 3000 type 
scan coils £2.00 p/p 60p, Bush 
CTV25 scan coils, new, £2.50 p/p 
Epp. Delay lines DL20 £3.50, DL40 
£1.50, DLIE, DLI £1.00 p/p 35p. Lum 
Delay Lines 50p p/p 20p. EHT colour 
quadrupler for Bush /Murphy CTV25 
3/174 Series £8.50 p/p 60p. Special 
offer, colour tripiers: ITT TH2S/ 
ITH £2.00 p/p 40p. GEC 2040 tripler 
£1.75 p/p 40p. Philips G8 panels. 
part complete, surplus /salvaged: 
decoder £2.50, IF. incl. 5 modules 
£2.25. T.Base £1.00 p/p 50p, CRT 
base 75p p/p 20p. G.E.C. 2040 
panels for spares. Decoder £3.59, 
Timebase £1.00 p/p SSp. VARICAP 
TUNERS, UHF ELC 1043, new £4.20. 
ELC 1043/05, £5.00. VHF ELC 1042, 
new £5.00. Salvaged VHF and UHF 
Va.ricap tuners £1.50 p/p 25p. 
SPECIAL OFFER: RBM 6psn. Vari- 
cap control units £1.00 p/p 25p. 
UHF tuners, new, transistorised, 
incl. slow motion drive. £3.80. 41 
position and 6- position push- 
button transistorised, £4.20 p/p 
60p. Philips, Bush, Decca integrated 
UHF /VHF transd, tuners £4.50 p/p 
65p. Thorn 850 dual Standard time 
base panel 50p p/p 50p. Philips 
626 I.F. amp. incl. CCT 50p p/p 50p. 
VHF turret tuners at 7650 incl. 
Valves for K.B. Featherlight, Philips 
19TG170, GEC 2010 ETC. £2.50. Pye 
miniature incremental for 110 to 
830, Pam and INVICTA £1.00. New 
Fireball tuners, Ferguson, HMV. 
Marconi, £1.00 p/p all tuners 50p, 
Mullard 1100 Mono scan coils, new, 
suitable all standard Philips, Stella, 
Pye, Ekco. Ferranti. Invicta £2.00 
p/p 55p. Large selection. LOPTs, 
FOPTs available for most popular 
makes. 200 + 200 - 100 MFD 350V 
Electrolytic £1.00 p/p 30p. MANOR 
SUPPLIES, 172 West End Lane, 
London, N.W.6, Shop Premises. 
Callers welcome. (No. 28, 159, 59 
buses or W. Hampstead- Bakerloo 
and Brit. Rail). Mall Order: 64 
Golders Manor Drive. London NW11. 
Tel: 01-794 8751. VAT. Please ADD 
25% TO ALL PRICES (EXCEPT 
KITS. VAT 8 %). 

BURGLAR AND FIRE Alarms, ex- 
tinguishers, emergency lighting. 
Comprehensive range of DIY and 
professional equipment. Catalogues 
25p. Castle Alarms, Box W08, Wind- 
sor, Berks. (5269) 

POWER SUPPLIES. 12vDC lamp 
smoothed supply £3.00 0 -17vDC 
lAmp variable supply, regulated, 
filtered. 58.50. Complete range 
available. Powerpax, Box W06, 
Windsor, Berks. (5270) 
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Wireless World, April 1976 

ARTICLES WANTED 

WANTED! 
all types of scrap and 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

with precious metal content 

L 

TRANSISTORS 
& PRINTED 

CIRCUIT BOARDS 
TO COMPLETE 
COMPUTERS 

The COMMERCIAL 
SMELTING & 

REFINING Co. Ltd. 
171 FARRINGDON ROAD 

LONDON EC1R 3AL 
Tel. 01-837 1475. 

Cables: COMSMEIT, ECI 
Works: FLECKNEY, nr. LEICESTER (5 

t t 
6) 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to R. T. & I. Electronics 
Ltd., Ashville Old Halal, Ashville 
Rd., London, E.11. Ley 4986. (63 

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 

SURPLUS COMPONENTS, Equip- 
ment and Computer panels wanted 
for cash. Ring Southampton 772501. 

(16) 

WANTED NEW 705A VALVES. 
Details to P. Norgate; GV Planer 
Ltd., Sunbury -on- Thames 86262. 

WANTED - ITT radio telephones 
type M5, AM7 and SEI. Good prices 
paid, any condition considered. 
Please telephone Rownhams (042 
123) 4285. (5277) 

ARTICLES FOR SALE 

VACUUM is our speciality, new 
and secondhand rotary pumps, dif- 
fusion outfits, accessories, costers, 
etc. Silicone rubber or varnish out - 
gassing equipment from £40. V. N. 
Barrett (Sales) Ltd., 1 Mayo Road. 
Croydon. 01 -684 9917. (24 

60 KHz NSF RUGBY RECEIVERS. 
BCD TIME -OF -DAY OUTPUT. High 
performtance phase locked loop 
radio receiver. 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 Tbolex, Sherborne (4359) 
Dorset. (21 

NULLARD LP1400 high performance 
stereo decoder modules. Limited 
quantity to clear, only £6 including 
p & p. Mr Cook 39 Barrett Road, 
London, E.17. Mail order only. 

DISCO CONSOLE consisting of two 
100 watt DJ Power Amplifiers with 
SDL mixer Mk II. 2 Garrard SP25 
MKIII Turntables with Shure. Mag- 
netic cartridges housed in compact 
mobile unit. 4 speaker units; 2 
containing four 12" 50 watt Good- 
man speakers. 2 containing 18" 
EMI speakers. 100 watt Pluto light 
projector, microphone (including 
stand and boom). Speaker leads, 
Bank lights. ALI perfect and ready 
for use. £800. 01- 805 3898. 

TELEQUIPMENT double beam oscil- 
loscope model D56. Delayed sweep. 
Little used manual £180. Spec. 
aavilable. Parmeko transformer 
7500V - 0 0 7500 20mA, unused, 
£10. - Erith 30556. (5267) 

WANTED 
black and white, dual standard 
televisions. Preferably Thorn 
1400's or similar sets. In large 
or small quantities. Collection 
arranged. Reply to Box No. 
5239. 

5239 

WE PURCHASE ALL FORMS 
OF ELECTRONIC EQUIP- 
MENT AND COMPONENTS, 

ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road 

Reading, Berks. 
Tel. 582 605 

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) 

WANTED. FLUKE 8000A, Advance 
DMM3 or slinkier digital wilt 
meter. Also X -Y Recorder any 
make or condition considered. 
Tel: Brighton 684286. (5260) 

ARTICLES FOR SALE 

SOWTER 
TRANSFORMERS 

FOR SOUND RECORDING AND REPRODUCING 
EQUIPMENT 

We are suppliers to many well known companies. studios and 
tr oadcasling authorities and were established in 1941. Early 
deliveries Competitive prices Large of small quantities. Let us 

quote. 

A recent release 

SOWTER TYPE 3678 
MUETIT AP MICROPHONE 

TRANSFORMER 
Rimary windings for 600 ohm. 200 ohm and 60 ohm won 
Secondary loadings from 2K ohm to 10 K ohm. Frequency 
response pus minus 'AB 20 Ile to 25 KNt. Contained in well 
finished MumeW boa 33mm diameter by 22mm high with colour 
cored end leads low distortion. DELIVERY [small quantities) 
EX STOCK. RICHLY COMPETITIVE PRICE. FULL DETAILS ON 

REQUEST. 

E. A. SOWTER LTD. 
r,,,,isr,,,n,er Manufacturers and Designer, 

7 Dedham Place. Fore Street 
Ipseech IP4 UP. Tel- 0473 52794 (52151 

ENAMELLED COPPER WIRE 
S.W.G. 1 lb reel 1/2 lb reel 
10 to 19 2 40 1 35 
20 to 29 2.45 1.40 
30 to 34 2.60 1.50 
35 to 40 2.85 1.60 

All the above prices are inclusive of postage 
and packing in UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 
Telephone 061-445 8753 

EURO CIRCUITS 
Printed Circuit Boards - Master 
layouts - Photography - Legend 
printing - Roller tinning - Gold 
plating - Flexible films - Convention- 
al fibre glass - No order too large or too 
small - Fast turnround on prototypes 
All or part service available NOW 

EURO CIRCUITS TO. 
Hightield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

SAVE IT BARGAIN 

500 WATT DIMMER 
SWITCH 

(not suitable for fluorescent lights) 
Basic Module with 1" Knob £2.00 
Complete on MK switch plate .. £2.50 

Large 2" knob (BULGIN) 25p extra, 
P &P 25p. 

Please add 8% VAT to all orders inc . P &P 
FRASER- MANNING LTD. 

40 TUDbENHAM ROAD, IPSWICH IP4 
2SL (35) 

141 Classified 
CAPACITY AVAILABLE 

CAPACITY AVAILABLE 
General Sheet Metal Work Including 
Fabrication of Chassis Panels, Boxes 
and Guards. Large and Small Runs at 
highly Competitive Rates. Let us 
quote you now. 

ANTEC ENGINEERING LTD. 
6 Sunny Place, Sunny Garden Road 

London NW4 1RS. Tel. 01 -203 4822 
5080) 

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 

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: 011 -S52 1706. (61 

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. 

(18 

A.A.A. SERVICE. Small batch pro- 
duction wiring, assembly to sample 
or drawings. Specialists in printed 
circuit assembly. Calbleforms to 
order. Rock Electronics Ltd., 42 
Bishopsfield Harlow, Essex. Tel. 
Harlow (0279) 33018. (19 

BATCH Production Wiring and As- 
sembly to sample or drawings. 
Deane Electricals 19B Station 
Parade, Ealing Common, London, 
W.5. Tel: 01 -992 8976. (13) 

CAPACITY available to the Elec- 
tronic Industry. Precision turned 
parts, engraving, milling and grind- 
ing both 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 

CRYSTAL 
TECHNOLOGY 

For quartz growing, cut- 
ting, lapping and finish- 
ing. Designs for crystal 
devices. 

CLARK EXPORT 
IMPORT COMPANY 

MATTAPO I S ETT 
MASS., U.S.A. 

Crystal specialists since 1941 

(5207) 

ELECTRO MECHANICAL DRAWING 
FACILITIES. Production standard 
drawings from Engineer's sketches; 
printed circuit artworks from your 
layouts or circuit diagrams. Rapid 
turnround. Roger Jeffery, 39 Bun - 
yon Close, Pirton, Nr. Hitching, 
Herts. Tel: Pirton 482. (5274) 

CAPACITY AVAILABLE for assem- 
bling large ar small quantities of 
P.C.B.'s Electronic and Electro- 
Mechanical equipment from draw- 
ings or prototype. Overseas en- 
quiries welcome. Horizon Elec- 
tronics, 100 Sandfield Road. Arnold, 
Nolttm. Tel: 0602-606980. (5230) 

DESIGN DEVELOPMENT and small 
production of electronic equipment. 
No job too small. - Holàs Elec- 
tronics. 223 Pole Lane Court, Uns- 
worth, Bury, Lanes. BL9 8QD. 

(5281) 

DESIGN. YOUNG C. ENG. (Elec- 
tronics) Physicist, university based, 
offers individuals and small firms 
design work, consultancy and in- 
strument construction. Novelty's 
to Microprocessors Systems. Tel: 
0293 45132. (5279) 

COURSES 

GRADUATED OR 
GRADUATING? 

Join the postgraduates at 

BRUNEL 
UNIVERSITY 

Department of Electrical 
Engineering and 

Electronics 
Applications are invited from gra- 
duates or graduando in Electrical 
Engineering, Electronics, Mathema- 
tics, Computer Science or Physics 
who wish to obtain a higher degree 
by joining research teams working 
on: 

COMPUTER AIDS TO DIGITAL 

SYSTEM DESIGN 

INFORMATION PROCESSING SYSTEMS 

INTELLIGENT AUTOMATA 

POWER ELECTRONICS SYSTEMS 
CONTROL SYSTEM DESIGN 

COMMUNICATION SYSTEMS 

Studentships are available for suit- 
ably qualified candidates. 

Please write to Professor Igor 
Aleksander, Dept. of Electrical 
Engineering and Electronics, Brunel 
University, Uxbridge, Middlesex. 

152,11 

RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: Principal, 
Nautical College, Fleetwood, FY7 
BJZ. (25 

VALVES WANTED 

WE BUY new valves, transistors 
and clean new components, large 
or small quantities, all details, 
quotations by return. - Walton's, 
56 Worcester St., Wolverhampton. 

(62 

ARTICLES FOR SALE 

CRYSTAL 
OSCILLATORS 

16 pin OIL package 4 -25 MHz 
Low frequency range from 
150 Hz 

CMOS & TTL compatible 
Prototype service available 
Fast delivery (some items ex- 
stock) 

Competitive quantity discounts 
Meon Electronics Ltd., Savoy 
Works, Swan Street, Petersfield, 
Hants. Tel. 0730 2306/7. Telex: 
86181. 152861 
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Classified 
BOOKS 

142 

TELECOMMUNICATIONS: 
A Systems Approach by G. Smol, M. P. R. Hamer and M. T. 
Hills covers the application of a number of signalling and 
transmission techniques in telecommunication systems at a 

higher level than most books on the subject. It takes account of 
the needs of the users of the systems and the economic 
constraints which affect the choice of techniques and overall 
system structure. This is an Open University set book for the 
T321 course. Price: Hardback £8.50; Paperback £4.25 from 
bookshops. 

Published by George Allen & Unwin Ltd., Park Lane, 
Hemel Hempstead, Herts. HP2 4TE. 

(52371 

START YOUR OWN BUSINESS 
REWINDING ELECTRIC MOTORS 

This unique instruction manual shows step 
by step how to rewind motors. working part 
or full time, without previous experience. 

Everything you need to know- easily 
explained including where to obtain mater- 
ials, how to get all the work you need, etc.. 
etc. 

A goldmine of information and knowledge 

Only E3 65 + 25p P. & P. from 

Magnum Publications Dept. ME5 
Brinksway Trading Estate 

Brinksway, Stockport SK3 OBZ 

WIRELESS WORLD WANTED. 
November 1975 issue. High price 
offered for a clean complete copy. - Please telephone 01-888 1909. 

(5253) 

TAPE RECORDING ETC. 

RECORDS MADE TO 
ORDER 

DEMO DISCS VINYLITE 
MASTERS FOR PRESSINGS 

RECORD COMPANIES 

Single disc. 1.20, Mono 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 
PO Box 3, Hawk Street, Carnforth 

Lance 
Tel: 2273 (82) 

APPOINTMENTS 

THE ROYAL NORTHERN 
COLLEGE OF MUSIC 

Applications are invited for the post of'. 

AUDIO VISUAL 
AIDS 

TECHNICIAN 
GRADE T.1.0 
Salary £2,277 - £2529 

The Technician will be responsible 
under the direction of the Recording 
Manager for the provision of the 
highest quality of Audio Visual 
reproduction and recording tech- 
niques in connection with public 
performances, broadcasting, com- 
mercial purposes and most impor- 
tant, involves close liaison with the 
tutorial staff and assistance in their 
tutorial programmes. Experience of 
tape editing sound mixing CCTV and 
the maintenance of recording and 
electronic equipment to a high 
standard should be combined with an 

appreciation of music and the ability 
to read musical score. Further details 
and application forms can be 
obtained from the Administration 
Registrar. The Royal Northern Col- 
lege of Music, 124 Oxford Road, 
Manchester. Closing date for appli- 
cations 1st April, 1976. (5287) 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N 12 8JG 

Telephone: 
01-445 2713 

01- 445 0749 01- 958 7624 

MAY WE ASSIST YOU TO 
DISPOSE OF YOUR SURPLUS 
AND REDUNDANT STOCKS. 

We will call anywhere in the 
British Isles, and pay SPOT CASH 
for Electronic Components and 
Equipment. (5234) 

.18IN FACSIMILE. Muirhead weather 
receiver required urgently. Please 
contact Sea & Storm Service 
Specialists. Tel. 01 -723 8466. 

(5237) 

NEW GRAM 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, GE, 8/10 
Glassford Street, Glasgow, Gl, 8/10 
Sauchiehall Street. Tele: 041 -221 
8958. (11 
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SERVICE 

When you need to hire Video - 
it pays to contact the most experienced 

video company in the business 

R.E.W. HOUSE 
10, 12 HIGH STREET 
COLLIERS WOOD 
LONDON SW19 2BE 
PHONE: 01 -540 9684 

Also at CENTRE POINT 
20/21 ST. GILES HIGH STREET 
LONDON. WC2 
PHONE: 01 -240 3066 

(5212) 

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 15p for catalogue 

RAMAR CONSTRUCTOR 
SERVICES 

Masons Road, Stratford -on -Avon 
Warwicks. Tel: 4879 

:381 

AU) IOMASTER BACKGROUND 
MUSIC . . service, sales. Tape 
programmes. P. J. Equipments, 3 

Onslow Street Guildford 4801. (12 

RECEIVERS AND AMPLIFIERS 

HRO Rx5s, etc., AR88 CR100, 
BRT400 G209. S640. etc., etc., in 
stock. R. T. & I. Electronics Ltd., 
Ashville Old Hall, Ashville' Rd., 
London, Ell. Ley 4986. (65 

SIGNAL Generators, Oscilloscopes, 
Output Meters, Wave Voltmeters. 
Frequency Meters, Multi -range 
Meters, etc., etc. in stock. R. T. 
& I. Electronics, 

etc., 
Ashville Old 

Hall, Ashville Rd., London E.11. 
Ley 4986. 164 

RING 
YOUR 

CLASSIFIEDS 
TO 

OWEN 
BAILEY 

ON 
01 -261 8508 

OR 
01 -261 8423 

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 

TUBE POLISHING, mono, £5.63, 
colour f5.94. C.W.O. Return car- 
riage and VAT paid. Phone: N.S. 
300, Retube Limited, North Somer- 
cntes, Lough, Lincs. (27 

Instruments 
well worth servicing 

and worth 
servicing well 

And now It s even easier because 
you can bring or send your AVO, 
MEGGER or SULLIVAN instruments 
for service or repair direct to the 
manufacturers' joint service and 
spares centre. In -house BCS 
certification facility. 
London Instrument Repair Centre, 
Repairs 
Cunnington Street 
Acton Lane Works 
Chiswick, London W4 5HJ 
Tel. 01 -995 9212. Telex. 22583 
Enquiries 
Archcliffe Road 
DOVER, Kent CT1 7 9EN 
Tel. 0304 202620. Telex: 96283 

AVO- MEGGER- SULLIVAN 

NOSTRUUMENT 
REPAIR 1 CENTRE 152481 

WANTED 

WE BUY 

All sorts of computers, 
peripherals, automatic 
typewriters, etc. Top 
prices paid. 

Autotype, at East Hill, 
Otford, Kent. Otford 
3256 or Otford 43393. 

(5288) 
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FOUNDATIONS OF WIRELESS 
AND ELECTRONICS 

M. G. Scroggie, B.Sc., C.Eng., F.I.E.E. - 9th Edition 

* Since the first edition was first published in 1936 over a quarter of a million copies have 
been sold 

* Has proved to be of great assistance to many thousands of enthusiasts and students 
making aquaintance with the principles of radio and electronics. 

* It has been written clearly and concisely in Mr. Scroggie's well -known and often 
humorous style. 

CONTENTS. General View of a System. Electricity and Circuits. Capacitance. Inductance. 
Alternating Currents. Capacitance in a.c. circuits. The Triode at Work. Transistor Equivalent 
Circuits. The Working Point. Oscillation. Radio Senders. Transmission Lines. Radiation and 
Aerials. Detection. Low- Frequency Amplification. Selectivity and Tuning. The Superhetero- 
dyne Receiver. High- Frequency Amplification. Cathode -Ray Tubes; Television and Radar. 
Electronic Waveform Generators and Switches. Computers. Power Supplies. Appendices. 
The cost of this very useful text is £3.75 which you will agree is tremendous value for a book 
of 521 pages. 0 408 001 88 7. 

If you purchase a copy you could be the winner of a beautiful leatherbound copy, personally 
autographed by the author. Details of 'The 1/4- million Competition' appear in the book. 

For details of other books in this field please write 

N EWN ES TECHNICAL, Borough Green, Nr. Sevenoaks, Kent ÓIÓ 

CLASSIFIED ADVERTISEMENTS 

Use this Form for your Sales and Wants 
To "Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate. 99p PER LINE. Average ,even 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 40p 

Cheques, etc.. payable to 'Wireless World and crossed 
"& Co 

REMITTANCE VALUE ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 
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The Newest name in Technical Books 

For details of all the books in our list please write to: 

Newnes -Butterworths, Borough Green 

Nr. Sevenoaks, Kent 

Telephone: Borough Green (0732) 884567 

INDEX TO ADVERTISERS 

Appointments Vacant Advertisements appear on pages 130 -142 
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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 Divisior 
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 G Hz in some cases - collected and 
delivered back to your door ready to 
plug -in. 

The Services Division has its own 
35,000 sq ft factory, expert staff, 
comprehensive spares, and a Standards 
Laboratory approved by the British 
Calibration Service. It will supply 
calibration certificates for AC, DC and 
RF measurements. And, of course, our 
standards are directly traceab e to 
NPLand NBS. 
So - when your calibrator won't 
calibrate anymore, your generator 

WW-002 FOR FURTHER DETAILS 

refuses to generate, or your courter 
stops counting - you know who to 
contect. 

G & E BRADLEY LIMITED 
Electral House, Neasden Lane, 
London NW101 RR 
Telephone: 01- 450 781 1 

Telex: 225583 

A Lucas Company 

BRADLEY 
Lelectronics) 
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Ersin Multicore- 
the international solder 

Wireless World, April 1976 

Ersin Multicore 5 -Core 
Solder 

The proved superiority of 
ERSIN Multicore Solder for over 
thirty years is due to many 
factors. We have specialised 
throughout this period in the 
manufacture of cored solders. 
Consequently our research and 
manufacturing staff have been 
able to devote all their energies to 
the development of Multicore 
Solders. All alloys are of highest 
purity, carefully formulated 
and checked. 

Our unsurpassed ERSIN flux is 
rigorously tested before and after 
it is incorporated in the solder 
wire. Our five separate cores of 
flux ensure flux continuity, leave 
only an ultra -thin layer of solder 
separating flux from work for 
instant wetting and provide 
a more accurate ratio of flux to 
solder. It is therefore possible to 

ALLOY 

Composition Grade 
(nominal major elements) 
50/33/17 Sn/Pb/Cd TLC 
62/36/2 Sn/Pb/Ag LMP 
62/35.7/2/0.3 Sn/Pb/Ag/Sb Sn62 
63/36.7/0.3 Sn/Pb/Sb Sn63 
60/40 Sn/Pb K 
60/39.7/0.3Sn/Pb/5b Sn60 
50/50 Sn/Pb F 
50/49.7/0.3 Sn/Pb/Sb Sn50 
50/48.5/1.5 Sn/Pb/Cu Savbit 1 

45/55 Sn/Pb R 
40/60 Sn/Pb G 
40/59.7/0.3 Sn/Pb/Sb Sn40 
30/70 Sn/Pb J 

20/80 Sn/Pb V 
15/85 Sn/Pb - 

use less solder and obtain greater 
reliability. 

Our Quality Control at all 
stages of manufacture is 
guaranteed and recorded by the 
batch number on every reel. 

Needle fine gauges 

In addition to our standard 
range of wire diameters (10 -22 
swg: 3.2 -0.7 mm) supplied on 
2+ kg and # kg reels we also mass - 
produce needle -fine gauges (24 - 34 
swg: 0.56 -0.23 mm) on 250 g reels 
for microminiature soldering 
applications -still with 5 Cores 
of flux. 

Melting Temperature 
Solidus Liquidus Specification 

°C °C 

145 145 DIN 1707 
179 179 DIN 1707 
179 179 QQ-S-57 lE 
183 183 QQ-S-571E 
183 188 R.S.219 
183 188 QQ-S-57 1E 

183 212 B.S.219 
183 212 QQ-S-571E 
183 215 DTD900/4535 

DIN 1707 
183 224 B.S.219 
183 234 B.S.219 
183 234 QQ-S-571E 
183 255 B.S.219 
183 275 B.S.219 
225 290 - 

Pure Tin P.T. 232 232 B.S.3252 
95/5 Sn/Sb 95A 236 243 B.S.219 
5/93.5/1.5 Sn/Pb/Ag H.M.P. 296 301 B.S.219 

Savbit Solder 
One of our most popular 

special ERSIN Multicore Solder 
alloys is SAVBIT alloy. Compared 
with ordinary tin /lead solders it 
dramatically reduces the erosion 
of soldering iron bits, copper 
wires and printed circuit 
conductors. It also saves costs 
and increases reliability. SAVBIT 
alloy containing 5 -Cores ERSIN 
362 flux has received special 
Ministry approval -under DTD. 
900/4535 for Military applications. 

Sectioned iron -plated bit, after 40,000 
simulated operations using 
ro /40 Solder. 

Sectioned iron -plated bit, after 40,000 
simulated operations using 
SAVBIT Solder. 

Alaittivfe 
For full information on these and a Selector Guide to other MULTICORE products please write on your 
Company's letterhead direct to 
Multicore Solders Limited, Maylands Avenue, Hemel Hempstead, Hertfordshire HP2 7EP. 
Tel: Hemel Hempstead 3636 Telex : 82363 
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