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Soldering blind 
just burns up profit 

Given that some metallic substances 
are more easily soldered than others, 

and that there are significant differences 
both in the speed with which they can 
be soldered and in the strength of 
adhesion of the solder to their surfaces, 
it is clearly necessary to make absolutely 
sure that the procedure used to solder 
components is correct. Testing for 
solderability greatly reduces the risk of 
failed joints and that can mean 
appreciable savings on rejects. 
Multicore, the world's leading 

authority on soldering, has developed 
a simple-to-use piece of equipment 
designed to assess solderability. It is 
called a MUST —Multicore Universal 
Solderability Tester — and it really is 
a must if you want to avoid the costly 
problems of inefficient soldering. 
The built-in microprocessor takes 

the complex force/time curve and 
reduces it to just two values, making the 
application of the sophisticated test 
method to quality control particularly 
simple. 

The 
MUST 
can be used 
to evaluate the 
solderability of any 
plain or plated metal 
in sheet, strip or wire 
form. It is, however, ideal 
for use with electronic component 
terminations, metal clad laminate, 

fit 

refer' 'Nk. 

printed circuit boards and plated-
through holes. 
It can be used for the Edge Dip Test 

that appears in IPC-S-801, EIA RS-178 
and EIA RS-319 Method 2 for 
evaluating quality of wetting, and 
for the Globule Test as described in 
many national and international 
standards including IEC 68-2-20, 

BS 2011: 2T and DIN 
40046 to measure 
wetting speed. 
This speed, 
together with the 
wetting force, 
may also be 
measured by 
the quick and 

easy addition of 
a wetting balance. 

The Multicore Universal 
Solderability Tester could make a big 

difference to your soldering operations — 
and to your profits. For the eye-opening 
facts use the reader reply service, cut 
the coupon or contact Multicore direct. 

ee-

The biggest name in solder worldwide 

Please send me full details on the MUST El  
Please telephone me E 

I Name 

IPosition Company 
iAddress 

ITelephone 
Telex 

Sales Department, Multicore Solders Limited, Maylands Avenue, Hemel Hempstead, 
Hertfordshire HP2 7EP. Telephone (0442) 3636. Telex 82363. 
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and arrive economically at an efficient ATE workstation. 

Comprehensive testing under low cost desk computer control. 

Manual systems too. 

ogee. 

knell INTERFACE WITH US NO W! 
Ask fordetails from: 

WIRELESS WORLD APRIL 1981 

Front cover shows (inset) de-
tails of the opto-electronic 
contact breaker described in 
this issue on the background 
of a Marconi Space and De-
fence Systems hybrid 
microelectronic circuit. 

Digital capacitance meter 
uses the timed charge-injec-
tion method of mea-
surement, with an input pro-
tection circuit, optimized to 
reduce errors. 

Wien oscillator is a new de-
sign by Linsley Hood, using a 
different ccinnexion of the 
standard Wien bridge to 
give a total harmonic distor-
tion of 0.001%. 

IN OUR NEXT ISSUE 

Active television deflector 
receives hi signal, amplifies 
and re-transmits it to 
viewers in no-signal re-
ception areas. 

Current issue price 60p, back is-
sues (if available) £1.00, at Retail 
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a change of address. 
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postage paid at New York. 
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Electronic Brokers-Europe's Prem ier Test Equiilpment Company of er 

SUPERLATIVE U SED EQUIPMENT 
CALIBRATED TO ORIGINAL SPECS 

The 
0111C 

Brokers 
UARAKTEE 
nless otherwise stated, 
II test equipment Sold 
by us carries a 12 mart 
warranty; For VDUs an 
Teletypes we offer a 90 
days warranty, and 
omputers are offered 
ith on site acceptance' 
and diagnostic tests 
hich may qualify them 
for independent on-
going maintenance). 
When you buy from, 
,Electronic Brokers you, 
know the equipment is 
in lop nOtch) condition, 
it is refurbished in our 
oWn service laboratories 
and checked to meet the 
original manufacturer's 
sales specifications, And 
it's serviced by our own> 

highly qualified 
tech-nicians. 

A copy of our Trading 
Conditions is available 

on request. 

ANALOGUE VOLTMETERS 
AND MULTIMETERS 
Boonton. 
93A True RMS Voltmeter, Bandwidth I C1-1z-
20MHz. ImV-300 Eso•..••••• - £375.00 

II, fl ee.. '.• • ., ..883AB AC/DC 
., ilfféreiitikVóItmeter. 
'20Hz-100kHZ. I my-

I 
' 11 00V. Ver9-high 

.:.. accuracy....-..E975.00 
895A DC Differential Voltmeter. 0-1.100V: Null 
sensitivity. 100p fflOV. Very high àscUracy 

£950.00 
,  

Hewlett Packakcl. 
400E AC Millivoltttteter, 10Hz-I Of.t.i. 
300V DC o/p prapeirtional to Up' ' • '.1235.00 
7563A DC Log Voltmeter/ AmplifletSingle i/p 
range 36C W-ICOV 0/P 0-1.1V @ lOrt1V/dB 
 "..E250.00 
Marconi. 
TF2600 AC Milliyoftmetef. 10Hz-5MHe.. I e"- 
' 300V  • • 175.00 
TF2604 Electronic Voltmeter. AC' • •"" • 
20Hz-1.5GHz. 300rnV-IKV, DC 10 1 KV. - 
0.20-500M0  • - • (.,.geso.00 
TF2606 DC Differential Voltmeter:. 
1100V on 5 decaqé dials  :  

Philips. 
PM245413 AC •Milifoltmeter. I 01-1z-1.20114z. 
ImV-300V  ' E195.00 

ANALYSERS - • _• 
Biomation. , . _ 
16500 16 Channel Logic Ana ser. Displays 
Timing, Map, heX,"pctal. Clock rate upto 
50MHz. Supplied with display formatter and a 
Hameg 

111171 LF Wale Analyser.  
20Hz-50 fflz: 300V,300V   275.00 
General Raditi: -"*•:• • 
1911A Sound end Vibration A nary *, O W 
Graphic (eve ree0qer. 4.5Hz-25KHz. 113 or 
1/10 octave  '  £950.00 
8407A/8412A Network Analysee:C/W 

-,9600A/8601A sWeeper. 0.1-;110MHz 

Hewlett Packard.  
141T-855213-8554B Spectrum Analyser. 
100KHz-1250MHz: + / 0 to -122dBm. 
Variable percistencé display  £5400.00 
Marconi. - . - • • • 
TF2330 Wave Analyser.:20Hz-20KHz, 30 V-
300V  £395.00 
Tektronix. • 
1L5 Spectrum Analyser. 1-0Hz-IMHz ..£750.00 
491 Spectrum Analyser. 10MHz-2GHz direct. 
Up to 40GHz with optional mixers..14150.00 
Wayne Kerr. 
RA200 Frequency Response Analyser. 
Frequency range 20Hz-30KHz or 200Hz-
200KHz. II in., crt display  £850.00 

BRIDGES & COMPONENT 
TESTERS 
AVO/BPL. 
CB154/4 Electrolytic-Capacitance Tester. 
0.1pF-IF. Accuracy !% to 2%  £515;00 
Boonton. 
63H Inductance Bridge. 0-11OrnH. Bridge 
frequency 5-500kHz  £1250.00 
280AP VHF 0 Meter. 020 to 25,000. 
210-610MHz  £650.00 

General Radio. 
1607A Transfer Function and Immitance 
Bridge, 25-1500MHz. Direct reading £750.00 
Marconi. 
TF1245-TF1246-TF1247 '0' Meter and 
Oscillators. 0 5 to 500. 40KHz-300MHz 

 £50.00 
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TF1313/2MI 0:•25% LCR Bridge. O. 1pH-110H, 
0.1pF-100pF. 3m0-1 I OMO. I and 10KHz 
 £325.00 
Rohde & Schwarz. 
KRT (BN5100) Capacitance Meter. 1pF-1(0pF. 
2.2-285KHz  •  £395.00 
LRT (8N61001 Inductance Meter. 1pH-100pH. 
2.2-285KHz  £395.00 
Wayne Kerr. 
B22 I 0.1% LCR Bridge. 0.0002pF-11.1pF, 
912-500GO, 0.9mH  5MH, 2pu-1 I lrnv 
 £225.00 
8641 0.1% LCR Bridge. 0.002pF. 50,000pF, 
200nH-5MH, 2m0-50,000M0, 20pu-500u 
 £445.00 
A60 Testmatic Dynamic Circuit Tester  
Automatically checks upto 60 functions in 10 
seconds on PCB's  £895.00 

CALIBRATION EQUIPMENT 
Advance. 
OFS2B Off Air Frequency Standard. 0/P 1 and 
10MHz  • £95.00 
Bradley. 
1258 AC Calibrator. 0-511V in 0.IV steps @ 
50-60-400Hz  £425.00 

Fluke. 
332A DC Voltage Calibrator. 0 to 
111 1.1110V. 0.1ppm resolution. 0.003% 
calibration accuracy  £1495.00 
760 Meter Calibrator. DC/AC Volts and current 
 £2150.00 
Hewlett Packard. 
7418 DC Voltage Source and AC/DC 
Differential Voltmeter  £695.00 
Tektronix. 
191 Constant Amplitude Generator. 350KHz-
100MHz  - £350.00 

DVM's AND DMM's 
Datron. 
1051 51/2 Digit DMM. AC/DC Volts, 
Resistance. True RMS. 0. 'ilk/ resolution 
 £750.00 
Fluke. 
8800A 51/2 Digit DMM. AC/DC volts, 
resistance. pV resolution  £450.00 
Hewlett Packard. 
34702A & 34740A 41/2 digit DMM. AC/DC 
volts. resistance  £225.00 
3490A 51/2 Digit DMM. AC/DC volts, 
resistance, li.A/ resolution. 30 day warranty 

 £375.00 
Philips. " • 
PM2513A 31/2 Digit DMM. AC/DC volts and 
current, resistance  . £80.00 
PM2514 31/2 Digit Autoranging O m AC/DC 
volts and current, resistance  £95.00 
PM25 17E 4 Digit Auto ranging DMM. AC/DC . 
volts and current, resistance  - £115.00 
PM2527 41/2 Digit DMM. AC/DC Volts, current 
and resistance. I OffV resolution. True RMS 
 £400.00 
EUlartron. 
A243 51/2 Digit DMM. AC/DC volts, resistance. 
IpV resolution. 30 day warranty  £375.00 

7055 Microprocessor 
DMM. Scale length 
200,000. AC/DC volts, 
resistance IsN 
resolution  £850.00 

7055 plus processor control and RS232 
interface   £1150.00 
7065 Microprocessor DMM. Scale length 
1.400000. AC/DC volts, resistance  R950.00 
7065 plus processor control and RS232 
interface  -  £1250.00 

Weston. 
44403½ Digit DMM. AC/DC volts, DC 
current resistance  £90.00 

FREQUENCY COUNTERS • 
Advance. 
IC 1 56 P 1 Frequency Counter. DC - 
500MHz 9  its  £275.00 

I Mil 7. I =al Z. I 
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Fluke. 
1900A-01 Frequency Counter. 5Hz-80MHz. 6-
digits. Mains/ battery operation  f 195.00 
1911 A-01 Frequency Counter. 51-1z-250M1z. 
7 digits. Mains / battery operation  £325.00 
1912A Frequency Counter. 5Hz-520MHz. 7 
digits  £340.00 
925A Frequency Counter. 5Hz-125MHz, 9 
digits, EMI proof case .  £375.00 

Philips. 
PM6604 Timer Counter. DC - 50MHz, 6 
digits  £150.00 
PM6614 Frequency Counter. 101-1z-520MHz, 9 
digits  £450.00, 

PM661•5 9 digit I GHz 
Frequency Counter. 
10mV sensitivity. 
Period, ratio and - 
totalizing  £695.00 

PM6664 Fully Auto Frequency Counter. 10Hz-
520MHz, 8 digits  £250.00 

MULTIMETERS 
Ayo. 
8 MK 5 Multimeter 20 0/volt • f70.00 
Full lead kit  £5.25 
Test Set Number I. 201CONolt, very robust • 

 £75.00 
Full lead kit  £5.25 
S.E.I. 
Super 50 Selectest. 201(0/volt  £77.00 

OSCILLOSCOPES 
Cossor. • 
4100 Dual Trace Portable Oscilloscope. 
DC - 75MHz Full delaed swee. 30 day 
warranty  . . .....£450.00 

Hewlett Packard. 
1707A Dual Trace Portable Oscilloscope:-
DC - 75MHz Full delayed sweep. 30 day 
warranty  £450.00 

12028 Dual Trace 
t •' Portable Oscilloscope. " 

DC - 75MHz. I OmV- • 
5V/div. Full delayed 
and intensified sweep. 
Trigger hold off . 
 £725.00e 

Philips. 
PM3212 Dual Trade Portable Oscilloscope. DC 
- 25MHz. 2mV-I0V/div  £575.00 
SE Labs. 
SM I 21 6 Channel Monitor. 12° at. Internal 
sweep  fee:a« . 
Tektronix. 

432 Dual Trace 
Portable Oscilloscope. 
DC - 25MHz. ImV 
sensitivity. 20nS-5S. 
Auto setting mains 
input 100-250V 

464 Dual  £510.00  Trace Portable Storage Oscilloscope. _ 

DC - ICOlv1Hz. 5mV-5V/div. Full delayed 
sweep. Max writing speed 110 div/pS 

. .  £2250.00 
465 Dual Trace Portable Oscilloscope. DC - 
100MHz, 5mV-5V/div. Full delayed sweep 
 £1195.00 
466 Dual Trace Portable Storage Oscilloscope. 
Spec as per 464 but max writing speed 
3000div/0  £2875.00 
521A PAL Vectorscope. Measures Luminance 
Amplitude, Chrominance Phase, Chrominance 
Amplitude, Differential Phase and Gain. As 
new condition  £2650.00 
7704A Main Frame CAV 7A26, 71380, 71385. 
Dual Trace DC - 200MHz  £3550.00 

Telequlpment. 
075 Dual Trace Portable Oscilloscope: DC - 
50MHz. Full delayed sweep  £715.00 

VU-Data. 
PS940 Dual Trace Portable Battery Operated 
Oscilloscope. DC - 20MHz 10mV-20V/div. 
Weight 9.51bs  £395.00 
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OSCILLOSCOPE PROBES  • 
61390X I Probe. 1.2 mtr length DC - 20MHz • 
 £9.00 
£B91 X 10 Probe. 1-2 mtr length DC -  1.00• 
ICICMHz   
EB95 X X10 grbbe. 1.2 mtr iength DC - 
10MHz or DC - 100MHz  £15.00 

• PO WER SUPPLIES 
Advance. 
PMA47 0-15V preset @ 3A  £37.00 
PMA50 0-15V preset @ 5A  £45.00 
MG5-60 5V § 60A switching  £160.00 
MG5-20 5V  20A switching  £120.00 
MG5 10 5V  1.0A switching  £95.00 
M024-12 24V @ I 2A switching  £130.00 

RECORDERS 
Bryans Southern. 
40000 12 Channel UV Recorder Plus 2 off 
40501 Galvo Amps. 6° paper  £950.00 

Hewlett Packard. 
2FA XYY A3 Plotter. 2 Pens on Y axis. Internal 
X sweep. Electric paper grip  •£725.00 

S. E. Labs. 
3006/12 12 Channel UV Recorder. Grid and 
timing fines. e paper  £550.00 
6012 50 Channel UV Recorder. Servefpa per 
drive upto 5 metts/sec. IT paper  £1100.00 

Watenabe. ' • 
MC641 6 Channel Chart Recorder. ImV-  • 
100V. 250mm scan width  £1495.00 
MC611-54L. 4•Channel Chart Recorder; 
1000V-2V. 400-800-1600mm/Hour/Minute 
 £595.00 

Yokagawa. 
3047 2.Channel Chart Recorder.0.5mV-I 00V. 
2cm/hr-60cm/min  £435.00 

SIGNAL SOURCES 
Ayo. , 
HF135 AM Signal Generator, I DOKHz-
240MHz. lisV- I 00mV into 750. AM 0-30% @ 
I KHz  £190.00 
HF 136 AM/FM Signal Generator. 4.0-120MHz. 
0-100mV in 20desteps plus fine control, 0/P 
Z = 750   £410.00 
Hewlett Packard. 
203A Variable Phase Oscillator. 0.005Hz-
60KHz. 0-360°  £450.00 
4204A Decade LF. Oscillator. 10Hz-1MHz. 
I mV- I OV into 600O  £695.00 
60613 AM SignalLenerator. 50KHz-65MHz. 
AM 0-95%  £850.00 
612A AM/PM UHF Generator. 450-1230MHz. 
0.1µV-0.5V  £775.00 
6168 UHF Signal Generator. 1.8 to 4 2GHz. Int 
pulse Mod  £1000.00 
65IB Test Oscillator, 10Hz-10MHz. - 
0.1mV-3.16V  £41-5.00 
8600A + 8601À12V-Sweeper-F Markers. • ' 
100KHz-110MHz-  £1506.00̀ 
86908 RF Sweeper Main Frame C/W the „ 
following RF Modules: 86988 400KHz-
110MHz, 869913 0.1-4GHz. 8694A 8-.12.4GHz 

£2500.00  

Marconi. 
TF I 44HI4 AM Signal Generator. 10KHz- < 
72MHz. 2pV-2V  ' £750.00 
TFI44H/4S AM Signal Generator. 10K1-1z-
72MHz. 2pV-2V  £550.00 

TF 99513/2 AM/FM 
Signal Generator. 0.2 
to 220MHz. IFV-
200MV into 500 or 
752' 
 £675:00 

TF9958/5 AAA/FM Signal Generator. 200KHz-
220MHz. 1pV-200mV. Narrow deflation for 
mobiles  £695.00 
TFI370A Wide Range RC Oscillator, 10Hz-
10MHz. Sine wave, square wave upto 100KHz 
au, £275.00 

TF200213 AM/FM Signal Generator, 10KHz-
88MHz.- 0.1pV- I V. 20Hz-20KHz Mod 
frequency 

'  £1200.00 
TF2005R 2 Tone Signal Source. 20Hz-20KHz. 
0-111dB in0.1dB steps  .£295.00 
TF2100 AF Oscillator, 201-1z-20KHz. 0.05% 
distortion  £150.00 

Philips. . • 
PM5108Function Generator. 1 Hz-1 .MHz. 
Sine, square and triangle. Triangle 0/P 
 £250.00 
PM5127 Function Generator, 0.1HZ-1MHz. 
Sine, square and triangle  .  £395.00 
PM5167 Function Generator. 1MHz-10MHz. 
Sine, square,  pulse, ramp and triangle 
 £500.00 
PM6456 Stereo Generator, Separate L and R 
Signals. Carrier frequency 100MHz _+_ 1%. RF 
0/P 3mV pk-pk  • ,  £250.00 

Radiometer. 
SMGiC Stereo Generator. Separate L and R 
Signals. Carrier frequency 100MHz. RF 0/P 
104N-100mV into 750  £375.00 

Schlumberger. • • 
4000C Frequency Synthesizer. 300Hz-
520MHz. Max 0/P IV into 500. 0-139.9dB 
attenuator  £1250.00 

Tektronix.  ' •  '  - 
2101 Pulse Generator. 2.5Hz-25MHz.- + and 
- 0/P .<   £375.00 

2003 RF Sweeper System. I -300MHz 5 and 
10MHz markers  £950.00 

SOUND LEVEL METERS 
,Bruel and KJaer. 
2203 Sound Level Meter, CM/ 4145 1"' 
Microphone. A. 8, C, weighting  £395.00 

General Radio. 
1933 Sound Level Meter CM/ 1935 Cassette 
Daia Re"corder, 10-130dB. ABC weighting 
Octave band filters at 10 centre frequencies 
from 31.5Hz to 16KHz  £750.00 
1991 Sound Level Meter. 70-120d13. Digital 
and analogue reading. Peak hold. A weighting 
 £300.00 
1983 Sound Level Meter,70-I2db. A 
weighting  £195.00 

TRANSMISSION 
MEASURING EQUIPMENT 
Marconi. 
0A2805A PCM Regenerator Test Set. 
Comprised of TF2801/2, TF2802/2 and 
TF2823. For use on systems at 1.536 and 
2.048Mbits  £2700.00 
TF2807A PCM Multiplex Tester. Comprises 
-Noise / Sinewave source and level meter 

•  £1500.00 
. TF2332 AF Transinission Test Set, 20Hz-20KHz 

 £425.00 , - 
Siemens. 

D2040 Selective Level 
•  Analyser and 

Voltmeter. 10Hz-
60KHz. - I 10dB to 
+ 50dB. 3pV-300V Lin 
and log indication. 5 
digit frequency readout 
 £1200.00 

02072+ W2072 Level Meter and Oscillator. 
50KHz-100MHz. -I10c113-0c1B. -Receive 
bandwidth 3.1 and 10KHZ  £2200.00 
" W2006 -1- D2006 Carrier Level Test Set. 10KHz-
17MHz. -100 tO  10dB  £1650.00 
W2002 + 02007 Carrier Level Test Set. 
6KHz-18.6MHz. -120 to + 20dB  £1800.00 
Wandel and Goiter/man. 
PF-1 Digital Error Rate Measuring Set. 
Consisting of PPM-1 Digital Error Rate Meter 
and PFG-1 Pettern Generator  £2490.00 

lectromc Brokers Limite 
61/65 Kings Cross Road 
London WC1X 9LN Engl 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 

• 

• 

P50-5 and PMO-5 Level Measuring Set.-

I OKHz-36MHz. -110 to + 20dB. O W AZD-1 
Scale expander  £2050.00 
SPM-6 and PS-6 Level Measuring Set  
6KHz-I 8.6MHz. -110dB to +20dB Manse- -
battery operation  £2150.00 
Andimat (PSM-4 2MHz Autornatic PCM 
Testin9 System) composed of thé following 
PCM-I PCM Test Set, PDA-64 PCM Signalling 
Analyser, PMD-1 Digital Level and Noise - 
Measuring System, PDG-1 Digital Signal 
Generator, PDA-I PCM Digital Signal 
Analyser, PSM-4 Level Measuring Set, MU-4 
Scanner. R1-1 computer interface  £6500.00 

MISCELLANEOUS 
Avantek. •  . 
UA101 RF Modular Amplifier. 5-500MHz, 

UA103 RF Modular Amplifier. 10-500MHzE33,99: 

UICIIB 0gl RainF Modular Amplifier. 1-400MH£z, 7 39.00 A3 dB  

10.5dB gain   

gain  •   
UA305 RF Modular AM  £ Amplifier.  13dB 

Avo. 

gain  • •  '  £39.00 

VCMI63 Valve Tester  

Data Laboratories. 
DL905 Transient Recorder with Pre-Trigger 
facility. Ideal for viewing single shot voltage 
transients  £990.00 

Dymar. 
1581 RF Power Meier. DC - 500MHz. 
30m W-100W  £350.00 

Ferrograph. 
RTS2 Recorder Test Set Measures Wow & 
Flutter, Distortion, Gain  £345.00 
RTS2 + ATU2 Recorder Test Set. 
O W Auxiliary Test unit. 
Superb Condition  £ 50.00 

Hewlett Packard. 
335E Programmable Attenuator. 0-12d8. DC 
lOGHz, 5012  £75.00 

432A Power Meter with 478A Thermistor 
Head. 10MHz- 1 OGHz. 100p W- I OmW 
 £450.00 
' 4329A Insulation Resistance Meter. Range 
500K0 to 2 x 10' °S1  £500.00 
8745A S Parameter Test Set. Fitted with 
I 1604A Universal Arms 0.1-2GHz ...E2750.00 

Marconi. 
• TF791D Deviation Meter. 4-1024MHz • 

' •  , £195.00 
TF893A AF Power Meter. I mW-10WE185.00 
TF2300 AM/FM Modulation Meter. 
0.5-1200MHz  £375.00 
TF2337 Automatic Distortion Meter. 
Frequncy range 4001-1z and 1KHz 0-30% in 4 
ranges  £245.00 

Rohde and Schwarz. 
MSC Stereo Coder. 30Hz- I 5KHz  £500.00 

Radiometer.  . 
BKF I 0 Automatic Distortion Analyser. 20Hz--
20KHz. 0.02%-10%  E.1100.00 

Rita. 
EVV 300 Microprocessor Development Kit. 
Based on Motorola 6800 TTY interface 
 £235.00 

Tektronix. 
TM515 Main Frame CNV FG504. 0.001Hz-
40MHz Function Generator and 2 off PS503A 
Power Supplies  £1250.00 
• TM515 Main Frame CAS/ 5C502. I 5MHz 
oscilloscope, FG503 1,MHz-3MHz Function 
• Generator, DM502 31/2 digit DMM, bc5o3 
100MHz counter  £1495.00 

W W-200 for further 
details 

£425.00 

japr * 

• Ç 11& tT $‘   ilkatt 

Hours of Business. 9 afri 5 p.m Mon-Fri. 
Closed lunch I 2p.m, 
ADD I 5%VAT TO ALL PRICES 
Carriage and Packing charge extra on All 
items unless otherwise stated. 
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Electronic Brokers-Europe's Prem ier Used Computer Company offer 

SUPERLATIVE U SED COMPUTER 
EQUIPM NT- S NE  COND I N 

Latest Computer Equipment  ... April 1981   
PDP 1 1 SYSTEMS 

PDP II C.P.U.s 
DEC. • 
PDP1 I /03-SD Processor in 31/2 " chassis complete with I 6KW MOS 
memory and EIS option. 
BRAND NEW - ONLY  £1495.00 
POP  /04 Processor in 101/2  chassis complete with 16KW MOS 
memory and DLI1 W Interface. 
BRAND NE W (can be enhanced to 28KW)  £4500.00 
POP 1/34 in 101/2 " chassis complete with 64KB MOS memory 
 £5500.00 
POP I 1/34 Processor (non-A) in 101/2 " chassis complete with 128KB 
MOS memory. DL1 I W Interface and programmers front panel 

£5900.00 

DEC 
PDP I 1/34A System complete with 
256KB MOS memory DL1 I W 
Asynchronous Interface / Line 
Clock, KY II-LB Programmers 
Panel. VT100 Terminal. 2 x RLO1 
5-meg Disk prives. DZ1 IA 8-Line 
multiplexer, FP I IA Floating Point, 
H960 Cabinet  £17,500.00 

PDP II /34A System complete with 
256KB MOS memory, 2 x RK07 
28-meg Disk Drives, TMB1 1 
magnetic tape station, DZI1 
16-line multiplexer. Data system 
cabinet and expander box, LA36 
console terminal... . £27,750.00 

PDP I 1/60 System with 2 RK07 
Disk Drives, choice of console 

P.O.A. 

PDP11/03 System (desk-mounted) 
20KW MOS, RX II dual floppy disk 
drive and control, 3 serial 
interfaces, LA180 Printer. VT100 
Console terminal  P  O.A. 

PDP 1 1 MEMORY 
DEC. 
MFI I L 8K W core memory c/w 9-slot system unit  £975.00 
MM I I L 8KW core memory  £795.00 
MM I 1LP 8KW parity core memory  £750.00 
MM I 1DP 16KW core (ex DEC-maintained 11/34 systems)  
BARGAIN OFFER - ONLY  £395.00 
MM II UP 16K W Paritycore memory complete with 9-slot system 
'unit   £1500.00 
MM 1UP 16K W parity core memory (pre-requisite MF I 1UP) 
 £1250.00 
MS I 1JP I 6KW MOS memory  £675.00 
MSV IIC I 6K W MOS memory (LS11 I)   £495.00 
Mil 1-BE 64KW 11/70 memory  £4500.00 
MKIl-BE 64KW MOS memory for 11/70  £3950.00 
MS II-MB 256KB ECC MOS memory for 11/44 (NEW) , £3942.00 

DEC. 
RKO5J add-on disk drive 21/2 meg. 
Exchangeable cartridge type. 
From  •   £1850.00 

RK06 Add-on disk drive 14 meg. Free standing. From  £3250.00 
RK07-ED Add-on Disk drive 28 meg.  P.O.A. 
RLO 1 -AK Add-on Disk drive 5 meg  £1975.00 
RPO2 20 meg add-on disk drive  £1250.00 
RPO4 add-on es meg disk drive  £8000.00 
RPO6 add-on 176 meg disk drive   £15,950.00 
RX11-8D Dual floppy disk drive and control  £1800.00 
Controllers usually available for above drives. 

MAGNETIC TAPE 
DEC. 
Available from time to time - TU lo. TU45, TE16 TS03 etc. 

Latest Computer Equipment   
PDP11 OPTIONS 
DEC. 
AA I ID VT01 Controller with 4-slot System Unit  £125.00 
DID lIA 4-slot System Unit  £125.00 
DD 118 4-slot System Unit  £150.00 
DD1 1-DK 9-slot backplane  £465.00 
DL I 1 Serial Interface  £250.00 
DLII WA/B Serial Interface/Line Clock  £395.00 
DR I IC General Purpose Interface  £250.00 
DRVIII3 I6-bit Parallel Interface  £225.00 
DZ1 IA 8-line E I A MUX  £1395.00 
FP1 IA Floating Point  £1750.00 
KL  TTY Interface  £150.00 
KW I IL Real Time Clock  £150.00 
KW I 1P Programmable Clock  £345.00 
M105 Device Selector   £30.00 
M792 ROM Diode Matrix  £195.00 
M920 Unibus Connector  • £12.00 
M930I-YB Bootstrap  £325.00 

POWER SUPPLIES 
DEC. 
H720 Power supply for BAI Expander Box, BRAND NEW 
SURPLUS  £175.00 

PDP8A C.P.U. 
DEC. 
PDP8A Processors, systems and add-on memory usually available. 

PDP8A MEMORY 
DEC. 
MM8AA 8KW Core  £750.00 
MM8AB 16KW Core  £995.00 

PDP8E CPU, MEMORY, OPTIONS 
DEC. 
DP8EB Communications Adaptor  £395.00 
'CASE Positive I/O Bus...,  .  £95.00 
KD8E Databreak  £145.00 
KL8E Asynchronous Interface  £250.00 
KP8E Power fail/auto restart  £95.00 
MM8E 4KW Core memory stack  £350.00 
TA8E Dual Cassette Drive and Controller   £525.00 
VT8E Set graphics Control Modules  £250.00 

TERMINALS 
DEC. 
LA34 DECwriter 1 V 30cps desk-top terminal, 132 columns, 
upper/lower case ASQI  £495.00 

LA36 DECwriter I 1 Keyboard 
• t  el  Printer Terminal. The Terminal that 

has become an industry Pandard, ciona mis 
with 132 column upper/lower case 
printing and switch-selectable 
speeds of 10, 15 & 30cps. Available 
with either 20mA or RS232 
interface. NOW ONLY  £595.00 
VT 52 SPECIAL PURCHASE of this 
outstanding Video Display 
Terminal featuring full upper/lower 
case ASCII character set, 24 x 80 
display, auxiliary keypad, direct 
cursor addressing and tabulation, 
scroll or hold screen mode with 
X-off facility, 9 switch-selectable 
baud rates (75-9600 baud) choice 
of 20mA or RS232 interface. 
BRAND NE W SURPLUS. 
ONLY  ,  £450.00 

VT100 - Also available from time to time, DEC's latest 132 column 
display terminal. Please enquire for latest price and delivery .E750.00 

PRINTERS 
Centronics 101. 

GP80 Graphics. 

Heavy Duty Matrix printer with 64 
ASCII upper case character set. 165 
cps operation. 132 print positions 
with adjustable tractor feed. 
Parallel input. ONLY.  £495.00 

BRAND NEW  LOW COST 
MATRIX PRINTER IDEAL FOR 
MICROPROCESSOR USERS SUCH 
AS HOBBYISTS & 
EDUCATIONALISTS OR ANY 
LOW-BUDGET APPLICATION 
* Full upper/lower case ASCII 
PLUS GRAPHICS Mode 

* 80-column printing with 
adjustable tractor feed 

* Standard and double-width 
characters (12 cpi and 6 cpi) 

* 30 cps print speed with I-line 

* Standard anard parallel (Centronics 
type) interface 

* Optional interfaces ava;lable for 
RS232, IEEE488, Tandy, PET 

* OAA p  eey II 
 £199.00 

(Mail order total  £240.35) 
GE Termlnet 1200. 
RO printer. 80 columns, tractor feed, upper/lower case, ASCII, 20mA 
Interface  £325,00 

Hazeltine. 
Thermal printer, 80 columns, 30 cps silent RO with parallel TTL input 

£395.00 

Tally 1602. - 
Matrix printer, parallel input, upper/lower case. tractor feed, as new_ 
.  . .  £995.ell 
Teletype. 
ASR 33 input/output terminal incorporating paper tape punch and 
reader. 64 ASCII upper case character set. I 10 baud operation, even 
parity keyboard choice of RS232 or 20mA interface. . 
NOW ONLY   

Options.  - 
£50.08 ICL-type keyboard   

8th level marking   
Remote reader control  £E5025..0000 
?eader pep  £20.00 
Auto reader.  F.25:00 
Pedestal  £30.00 

Low Cost Printer Offer. 
Teletype 33 printer mechanism 
including case but no keyboard or 
electronics, 64 upper case ASCII, 
10 cps, pinfeed platen, ideal for the 
electronic hobbyist ONLY ..F.85.00 

Termiprinter 7075. 
Impact printer, upper/lower case/pin feed, RS232  £325.00 
Texas. 
733 ASR terminal utilising high-performance twin cassette drive fo 
fast time-saving transmission and off-line storage. 
* Silent operation 
* Switch-selectable transmission speeds 10, IS. & 30 cps 
-* Full tape editing capability 
* High-speed duplication and rewind 
* Standard RS232 interface  ' £1375. 

745 Portable Data Terminal 
Including keyboard, printer, 
integral acoustic coupler and 
carrying case. Total weight only 
13 lbs  £50.00 
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. PAPER TAPE PUNCHES 
Digltronlcs. 
P120 paper tape punch. Solenoid-actuated unit capable of punching 
5 to 8 channel tapes at speeds up to 35 cps. 

9s 

Pulse am litude 27 vpc. Compact tabte-topunit   5.00 
Faclt 4070. 
The top quality punch that h 
become an industry standard. 
Asynchronous 75cps operation. 
Adjustable for punching 5, 6. 7 or. 
8 level tape. Self-contained desk-
top unit incorporating supply and 
take-up spools, chad box, and TTL-
compatible control logic _1650.00 

KEYBOARDS 
George Risk. 
New ASCII Keyboards 
New Low Prices • KB771 Superb 7 I-station ASCII 

keyboard incorporating separate 
numeric/Cursor control pad and 
installed in custom-built steel 
enclosure with textured blue 
enamel finish. Ideal for the VDU 
builder. Case dimensions: 
17 3/4 "x 71/2 "x3r. 
Total weight 4kg. PRICE  £85.00 
Mail Order Total  £103.50 

KB756 56-station ASCII keyboard mounted on P.C.B  £39.50 
Mail Order Total  '  £47.15 

KB756MF as above, fitted with metal mounting frame for extra 
rigidity   £45.00 

Mail Order Total  £53.48 
KB7 10 10-key numeric pad, supplied with connecting cable ...E8.00 

Mail Order Total   £9.78 
KB70I Plastic enclosure for KB756 or I03756MF  £12.50 

Mail Order Total  £15.24 
KB702 Steel enclosure for KB756 or KB756MF  £18.00 

Mail Order Total  £23.00 
- El 2.50 

Mail Order Total   £15.24 
KB I 5P Edge connector for KB756 or KB756MF  .   £3.25 

Mail Order Total  £4.31 
DC-5I2 DC convertor to allow operation at 5V only (plugs in to 
P.C.B.)  . "  •  '  •  • f7 50 

Mail Order Total  £9.20 
DB255 Mating connector for KB771  £4.25 

Mail Order Total  £5.46 
PERK 56-station ASCII keyboard for PET complete with PET 
interface, built-in power supply and steel enclosure  £95.00 

Mail Order Total  £115.00 

Discounts available for quantities. . 

PROGRAMMABLE CALCULATORS 
Hewlett Packard. 
9830A with 8K Memory, Extended I/O ROM, String Variables ROM, 
1 Serial and 3 parallel interfaces  • £1695.00 

MODEMS 
Racal Milgo. 
Modem 26 si 1200/2400 baud, 2 or 4 wire, full/half duplex 

 P.O,A. 

GENERATORS  • 
Mawdsiey. 
45KVA Generator system comprising AC Induction Motor, AC 
Generator, AC Exciter and Emreg Regualator. 
The alternator comprises of a screen-protected rotating field, 
complete with built in over-hung exciter of the brushless pattern. It is 
wound for 4I5V, 3 phase, 501-1z, 4 wire and developing 45K VA at 
018 P.F. when running at a speed of 1500 rpm. 
The alternator and exciter are used in conjunction with the 
automatic transistorised voltage regulator, incorporating 3-phase 
; sensing. The regulator is so designed that when the alternator is on 
balanced 3-phase load and with one phase switched off or • 
disconnected, the phase voltage will not vary more than * 6% 
under any conditions  £1250.00 

KB2376 Spare ROM encoder  

VDUs 
Hazeltine, H 1000 The low, low priced 

teletypewriter-compatible video 
display terminal, offering your 
choice of transmission speeds up to 
9600 baud as well as parity 
generation and checking. 12 x 80 
display upper case ASC1f. RS232 
interface, choice of baud rates ' 
SUPER VALUE  £199.00 

H2000 Superb spec. including full 
XY cursor addressing and edit 
facility, 27 x 74 display, upper case 
ASCII, RS232 interface, switch-
selectable baud rates  £299.00 

H2000C NOW ALSO AVAILABLE 
with 25 x 80 line format and 
C-MOS logic  £375.00 

• Modular One. Now with 
upper/lower case. XY cursor 
addressing, 24 x 80 line display, 
dual intensity detachable 
keyboard, choice of 8 transmission 
rates up to 9600 baud  1399.00 

MONITORS 
Ball /Ante' TTL15. 
15in. diagonal green phosphor tube, integral power supply. • 
Requires separate horizontal and vertical video input. BRAND NEW 
SURPLUS  £75.00 

FLOPPY DISK DRIVES 
Shugart SA400. 
51/4 " MINI-FLOPPY 
* Capacity (unformatted): 110Kb (single density) 220Kb (double 
density) 

* 'Transfer rate: 125/250 kilobits/sec. 
* Average access time: 463ms. 
* Read/Write and Write Protect electronics 
* Power requirements + 5VDC + I 2VDC Dimensions 
53/4 'x3 3/4 'x8, wei9ht31b5 
Supplied complete with technical manual. 

Application notes are available on interfacing the SA400 to Intel 
8080A, Motorola etc     ...E195.00 

• 
NEW 

Shugart SA450. 
Double-sided, double density 
minifloppy providing 440KB 
unformatted storage capacity, yet 
the same compact size and weight 
as the SA400  £299.00 

Shugart SA801. 
e FLOPPY (NEW) 
* Capacity (unformatted): 

400Kb (single density) 
800Kb (double density) 

* Transfer rate: 250/50b kilobits/ 
sec. 

* Average access time: 211ms 
* Read/Write and Write Protect 
electronics 

* Power requirements 
+ 24VDC + 5VDC -5VDC 

Dimensions 4I  x9½' x 143/4 " 
Supplied complete with technical 
manual  £395.00 

Hours of Business: 9 am.-5 p.m. Mon-Fri. Closed lunch 
1-2p.m. 
ADD 15% VAT TO ALL PRICES 
Carriage and Packing charge extra on all items unless 
otherwise stated. 

W W-201 for further details 

Electronic Brokers Limited 
61165 Kings Cross Road 
London WC1X 9LN England 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
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Low cost excellence 
with a 2 YEAR guarantee 

AG 203 
LOW DISTORTION 
OSCILLATOR 

£110 

AG203 Low Distortion Oscillator - 10Hz to 1MHz in 5 ranges - 
<0.1 % distortion -very flat 0/P to 7V r.m.s. sinewave from 

600 ohms, squarewave 10V pp - Ext. Sync. - > 60dB's of variable 
output attenuation. 

SG 402 
30 MHz AM. 
SIG. GEN. 

£59 

SG402 A.M. Signal Generator - 100KHz to 30MHz in 6 bands - 
100mV of 0/P with variable attenuator - Int. and Ex. A.M. -Solid 
State - Lightweight and portable -Large clear easy to read 

frequency dial. 

AG 202A 
SINE-SQUARE 
OSCILLATOR 

£60 

AG202A 200KHz R.C. Oscillator -20Hz to 200KHz in 4 ranges - 
Sine and Squarewave -Flat 0/P to 10V r.m.s. from 600 ohms - 
< 0.5% distortion - > 60dB of variable 0/P atten - Ext. Sync. - 
Large easy to read single dial with smooth precise tuning control - 

Instant stable signals -Solid State. 

CO 1303D 
5 MHz 
OSCILLOSCOPE 

£100 

C01303D, DC to 5MHz Oscilloscope - lOrriV/div sensitivity with 
variable atten. - Int. variable sweep frequency in 4 ranges from 10Hz 
to 100KHz - Int. and Ext. sync. - Direct deflection terminals can 
monitor R.F. up to 450MHz. C01303G as above, plus 1:8 to 54MHz 
monitor freq. range from 1 to 500Wdirect coupling -Two Tone gen. 

1KHz and 1.575KHz - ideal for SSB, A.M. C.W. etc. 

FG 270 
FUNCTION GEN. 

£146 

FG270, Function Generator - 0.1Hz to 1MHz in 6 ranges - 
sine, square and triangle -20V p-p open circuit output - < 1% 
distortion - D.C. offset - TTL 0/P - Ext. VCO for sweep tests. 
FG271 as above plus 0.02Hz to 2MHz in 7 ranges - Int. sweep - 

Pulse, Tone Burst and A.M. 

CS 1562A 
10 MHz 
DUAL TRACE 

£224 

CS1562A Dual Trace 10MHz Oscilloscope - 10mV to 20V/div 
sensitivity in 1-2-5 sequence with fine control - 1/is to 0.5 s/div 
sweep time plus X5 Mag. - Auto, Manual and TV. triggering - 

Z mod and X-Y operation. A single trace version CS1559A is available 
at even lower cost. 

Plus many other Trio Products such as high sensitivity electronic voltmeters, Wow and Flutter meters, DIP 
meters and of course the main range of Trio scopes up to 100MHz -JUST ASK FOR THE CATALOGUE 

House of Instruments Ltd., 
Clifton Chambers, 
62, High Street, 
Saffron Walden, 
Essex CB10 1EE. 

Telephone: (0799) 24922 
Telex: 81653. 

perftermancehi!competitivehlfreliabilitghl! 

*e 
House of Instruments Ltd. 
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DON'T GAMBLE 

WITH PERFORMANCE 

BUY 

LEVELL OSCILLATORS 
FREQUENCY 

ACCURACY 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC OUTPUT 
SY f>,IPP * et 

• 

SI Z E e l. M.6 e : • 

T a 2 0 0  'Y G 2 0 0 D 

£99 
FREQUE11ëy 

SINE Ofifi eDISTORTION 
. •,, 

SQL14 ,OUTPUT 
SYNC: WF.PUr 
METER  SCALES 

• SIZE & -'i«/SiEt.GHT 

1Hz to 1MHz in 12 ranges. 
0 to 1% fine control on TG 2 0 ODMP 
± 1.5% ±0.01 Hz up to 100kHz. 
±2% up to 1MHz. 
7V r.m.s. down to <200 1jV with Rs = 
6000. 
<0.05% from 50Hz to 1 5kHz, 
<0.1 % from 1 0Hz to 50kHz, <0.2% 
from.5Hz to 1 50kHz, <1 % at 1Hz and 
1MHz. 
TG 200D, DM & DMP only, 7V peak 
down  to  <200 V.  Rise  time 
<1 50nS. 
< IV r.m.s. sine in phase with output 
+ 1% freq. lock range per volt r.m.s. 

•. TG200M • DM & DMP only. 0/2V' ...•   
!-+ 0/ 7V & -14/+6dBm. 
" • 2 60 x 130 x 1 80mm. 4.3kg with 
batteries. 

TG200M TG 2000M  TG200DMP 

£125 £130 £135 

Wiik:ri?!üt, :c oi n 
meter.: : 44•10 %. 

FRECILIE:NCY, 

SINE' OUTPUT 

DISTORTION,: 

METER SC:ALES 
SIZE & VVEiGHT 

3Hz to 300kHz in 5 decade ranges. 
±2% ± 0.1Hz to 100kHz. 
Increasing to ± 3% at 300 kHz. 
2.5V r.m.s. down to <200 V 
<0.2% from 50Hz to 50kH z. 
<1 % from 1 0Hz to 2 0 OkHz. 
2.5V peak down to <200 11V. 
2.5V r.m.s. sine. 
0/2.5V &  + 10dBpn 
TG 152DM. 
260 x 130 x 1 80mm 3.4 kg with • 
batteries. 

TG152DM 

With 
meter £99 

0.2Hz to 1.2 2MHz on four decade 
controls. 
+ 0.0 2Hz below 6Hz. 
+ 0.3% from 6Hz to 100kHz. 
+ 1% from 100kHz to 3 0 OkHz 
+ 3% above, 3 00kHz. 
5V r.m.s. down to 30 kt V with Rs = 
6000. 
<0.1 5% from 1 5Hz to 1 5kHz. 
<0.5% at 1.5Hz and 1 50kHz. 
2 Expanded voltage and -2 / + 4dBm 
260 x 180 x 1 8 Omm. 5.4kg. 

TG66A 

Mains & 
battery model £280 

•F'1-i'é'e .e 4( Works with batteries. Carriage, packing and VAT 
extra. 

•.,,,...,,jeOptionat e4,rais are leather cases and mains power units 
Send for âata covering our range of portable instruments 

LEVELL ELECTRONICS LTD. 
MOXON STREET, BARNET, HERTS., EN5 5SD. 

TEL: 01-449 5028/440 8686 

,WW - 022 FOR FURTHER DETAILS 
DAL 9622 WW - 017 FOR FURTHER DETAILS 
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New! Sinclair 1X81 
Personal Computer 
Kit: £419.21 complete 
Reach advanced 
computer comprehension 
in a few absorbing hours 

1980 saw a genuine breakthrough -the 
Sinclair ZX80, world's first complete 
personal computer for under £100. At 
£99.95, the ZX80 offered a specification 
unchallenged at the price. 

Over 50,000 were sold, and the 
ZX80 won virtually universal praise from 
computer professionals. 

Now the Sinclair lead is increased: 
for just £69.95, the new Sinclair ZX81 
offers even more advanced computer 
facilities at an even lower price. And 
the ZX81 kit means an even bigger 
saving. At £49.95 it costs almost 
40% less than the ZX80 kit! 

Lower price: higher capability 
With the ZX81, it's just as simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

It uses the same micro-processor, 
but incorporates a new, more powerful 
8KBASIC ROM -the 'trained intelligence' 
of the computer. This chip works in 
decimals, handles logs and trig, allows 
you to plot graphs, and builds up 
animated displays. 

And the ZX81 incorporates other 
operation refinements-the facility to 
oad and save named programs on 
cassette, for example, or to select a 
program off a cassette through the 
keyboard. 

Higher specification, lower price - 
how's it done? 
Quite simply, by design. The ZX80 
reduced the chips in a working compute 
from 40 or so, to 21. The ZX81 reduces 
the 21 to 4! 

The secret lies in a totally new 
master chip. Designed by Sinclair and 
custom-built in Britain, this unique chip 
replaces 18 chips from the ZX80! 

Proven micro-processor, new 8K BASIC 
ROM, RAM-and unique new master chip. 

Built: 

complete 

Kit or bui 
it's up to you! 
The picture shows dramatically hci 
easy the ZX81 kit is to build: just four 
chips to assemble (plus, of course the 
other discrete components) -a few 
hours' work with a fine-tipped soldering 
' iron. And you may already have a 
suitable mains adaptor-600 mA at 9 V 
DC nominal unregulated (supplied with 
built version). 

Kit and built versions come complete 
with all leads to connect to your TV 
(colour or black and white) and' 
cassette recorder. 
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New 
Sinclair 
teach-yourself 
BASIC 
manual 
Every ZX81 comes 
with a compre-
hensive, specially-
written manual -a z 
complete course 
in BASIC program-
ming, from first principles to complex 
programs. You need no prior knowledge 
-children from 12 upwards soon 
become familiar with computer 
operation.  • 

New, improved specification 
•Z80A micro-processor-new faster 
version of the famous Z80 chip, widely 

recognised as the best ever made. 

• Unique 'one-touch' 
key word entry: 
the ZX81 
eliminates a great 
deal of tiresome 

- typing. Key words 
(RUN, LIST, PRINT, 
etc.) have their own 
single-key entry. 

• Unique syntax-
check and report codes 

identify programming 
errors immediately. 

• Full range of mathematical 
7 and scientific functions accurate 
í to eight decimal places. 

' • Graph-drawing and animated-
display facilities. 

• Multi-dimensional string and 
numerical arrays. 

• Up to 26 FOR/NEXT loops. 

• Randomise function -useful for games 
as well as serious applications. 

• Cassette LOAD and SAVE with 
named programs. 

•1K-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 

•Able to drive the new Sinclair printer 
Knot available yet-but coming soon!) 

10 Advanced 4-chip design: micro-
'processor, ROM, RAM, plus master chip 
-unique, custom-built chip replacing 
8 ZX80 chips. 

X8I 
Sinclair Research Ltd, 
i6 Kings Parade, Cambridge, Cambs., 
B21SN. Tel: 0276 66104. 
eg. no: 214 4630 00 

If you own a 
Sinclair ZX80••. 
The nevi/ 8K BASIC ROM used in the 
Sinclair ZX81 is available to ZX80 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

With the exception of animated 
graphics, all the advanced features of 
the ZX81 are now available on your 

 " ZX80 -including the ability to drive the 
Sinclair ZX Printer. 

Coming soon-
the ZX Printer. 
Designed exclusively for use with the 
ZX81 (and ZX80 with 8K BASIC ROM), 
the printer offers full alphanumerics 
across 32 columns, and highly sophisti-
cated graphics. Special features include 
COPY, which prints out exactly what it 
on the whole TV screen without the 
need for further instructions. The ZX 
Printer will be available in Summer 1981, 
at around £50 -watch this space! 

16K- BYTE RAM 
pack for massive 
add-on memory. 
Designed as a complete module to fit 
your Sinclair ZX80 or ZX81, the RAM 
pack simply plugs into the existing 
expansion port at the rear of the com-
puter to multiply your data/program 
storage by 16! 

Use it for long and complex pro-
grams or as a.personal database. Yet it 
costs as little as half the price of com-
petitive additional memory. 

M U M OW 131M, M C, COB MIMI C M 

gPle, flIM, r4.5. e el i‘e r,m1 e ka 
eu (et eirs cm' «ma gig. alma  am 

gs»  rim egg rizo ZEES 

How to order your ZX81 
BY PHONE-Access or Barclaycard 
holders can call 01-200 0200 for personal 
attention 24 hours a day, every day. 
BY FREEPOST-use the no-stamp-
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclaycard. 
EITHER WAY-please allow up to 28 
days for delivery. And there's a 14-day 
money-back option, of course. We want 
you to be satisfied beyond doubt-and 
we have no doubt that you will be. 

rTo: Sinclair Research Ltd, FREEPOST 7, Cambridge, CB21YY. 
Oty Item - 

Code Item price 
£ 

Total 
£ 

Sinclair ZX81 Personal Computer kit(s). Price includes 
ZX81 BASIC manual, excludes mains adaptor. . 12 49.95 
Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95 
Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 
16K-BYTE RAM pack(s). 

18 49.95 
8K BASIC ROM to fit ZX80. 

17 19.95 
Post and Packing. 

2.95 

Please tick if you require a VAT receipt E  TOTAL £ 
*I enclose a cheque/postal order payable to Sinclair Research Ltd, for £   
*Please charge to my Access/Barclaycard account no. 

(i l i r i í l l'i i i .   
*Please delete/complete as applicable.  Please print. 

Name: Mr/Mrs/Miss 1_1 _1.  I I I I_ I I_ I I 1 i II I  

Address  L_1  I I I 11 1 1 1 1 1 1 1 1 1 1_ 1 1 1 1 ,  

11 11 1 1 1 1 1 1 1  1 11'1 1 1  11 1 1 1 1 1  I  LREEPOST - no stamp needed. 
WRW 04 1 

L. rn 

W W - 047 F OR F URT HER D E TAILS 
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FAST ERECTING 

• CLARK 
MASTS 

For World-wide Telecommunications in the 1980's 

Clark Masts Ltd. are specialists in the design and 
manufacture of telescopic and sectional, mast 
systems. With osier 25 years' experience in sup-
plying masts to meet exacting military and civil 
specifications we have the expertise you can 
depend on. 

Extended heights 4m-30 metres capable of lifting 
headload 1Kg-200Kgs, sectional or telescopic 
air-operated for field or vehicle mounting. Write or 
telephone us for details today. 

SCAM Telescopic air , 
operated 12-metre roast kit 
shown in radio relay role for 
field or vehicle mounting 9-, 
12- 15- and 21-metre ver-
sixes available 

Mobile air-operated 21-
metre telestopic trailer 
mast Horizontally stowed 
for transit raised to vertiel 
position for extension. 

CLARK MASTS LTD. 
Binstead, 
Isle of Wight, 
PO 33 3PA,England. 

Telephone Ryde (0983)63691, 

CLARK 

Telex 86686 

W W - 027 FOR FURTHER DETAILS 

HILOMAST LIMITED 
THE STREET HEYBRIDGE — MALDON 

ESSEX CM9 7NB ENGLAND 
Tel MALDON (0621) 56480 

TELEX NO 995855 

Make it for a Song! 

• 
o 

The New Maplin Matinée 
Amazing Value V I G O•e  0 5 
For Only  + £99.50 for cabinet if required. giee 

Easy to build. Latest technology — means less 
cost,  less  components  and  80%  less 
wiring. Comparable with organs selling for up 
to £1,000.00. Two 49-note manuals.  13-note 
pedalboard. All  organ  voices  on 
drawbars. Preset voices: Banjo, Accordion, 
Harpsichord, Piano, Percussion. Piano sustain 
Sustain on both manuals, and pedalboard. 
Electronic rotor, fast and slow. Vibrato 
and  Delayed  vibrato. Reverb. 
Manual  and  Auto-Wah. Glide 
(Hawaiian Guitar Sound). Single 
finger chording plus memory. 30 
Rhythms! 8-instrument  voicing. 
Major,  Minot  and  Seventh  chords. 
Unique walking bass lines with each rhythm. 
Unique countermelody line with each rhythm. 
Truly amazing value for money. 
Full construction details in Electronics & 
Music Maker magazine. 

The complete buyers' guide to electronic 
components. With over 300 pages, it's a 
comprehensive guide to electronic 
components with thousands of 
photographs and illustrations and page 
after-page of invaluable data. Get a copy 
now — it's the one catalogue you can't 
afford to be without. 

r MI MI I OM Oil MI  I M MI MI Mel 
Post this coupon now for your co py of our  1981 

10  catalogue price £1. • Please send me a copy of your 320 page catalogue. .I 
enclose £1 (Plus 25p p&p). If I am not completely  I 
satisfied I may return the catalogue to you and have my 
money refunded. If you live outside the UK send £1.68 
or 12 International Reply Coupons. 
enclose £1.25. 

'Name  

- Address   

I -.rErimptuin ,Maplin Electronic Supplies Ltd. 
All mail to: P.O. Box 3„ Rayleigh, Essex SS6 SLR 

I  Telephone: Southend (0702) 554155. Sales (0702) 552911 

•  Shops: 
159-161 King Street, Hammersmith, London W6. Telephone: (01) 748 0926. 

111111' ww481  • 284 London Road, Westcliff -on -Sea , Essex , Telephone Southend (0702) 554000. 
MI ail lie  1.11M 1.11  111111,11111  gall IM  IM  MI MI  Both shops closed Mondays. 

Catalogue now on sale in all branches of W HSMITH  Price £1.00 
W W — 023 FOR FURTHER DETAILS 

.„ 
www.america4adiohistoFv.com 
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HM 412  £350 

11-11  11̀11 
OSCILLOSCOPES 

Top Performance 
In Every Range 

Bandwkith DC-20MHz I-3dB)  • Sensitivity 2mV•20Vicre {± 3%) 
X: Timebeto 2a-400s/cm incl. x5 Mage. • Trig. DC401111Hzi5ertm) 
Dual trace • Alger. addition • X-T Operation • Screen fix10ent 
Sweep delay • Overseen, Trigger, Delay indications • Trigger fitter 
Z-Modulation  • Calibrator  • Grancule Illumination  • 2kV 

HM 512 £580 
Y: Bandwidth OC-50MHz {-3dfd • Sensitivity SmV-SOV/cm it 3%) 
X: Tintebase 5s-20ns/cm incl. x5 Mage. • Trig, DC-70MHz (5mml 
Misdirect, • Algehr, addition • X-V Operation • 'Screen 8 x10em 
Delay line • Sweep delay * After delay triggering • Trigger filter 
Single shot + Reset • Ovrescan, Trigger, Ready, Delay indications 
var. Hold-off • eiViodulation  Graticule illumination • 12kV 

111M 812  E1A58 
Yz Bandwidth DC-50MHz 1-3r181 • Sensitivity 5rriV-50Vidiv (±3%) 
X.:Tenet's» 55-20riskliv. Wet x5 arlagn. • Trig. DC.701Vittz (0.5div 
Dual trace analog storage with ver. Persistence anti Auto-Storage 
Alger- addition  • X-Y Operation • Screen SO Ocftv .(7.2 x Scrn) 
Delay line • Sweep-delay • After delay triggering • Trigger filter 
Single shot  *  Overseen, Trigger, Ready. Delay, AS Indications 
var. Hold-off • Z-Modulation • X-Guard circuit • Calibrator « 8.5kV 

For more information  Prices U. K. 
contact- List Ex VAT 

HA MEG LTD.  74-78 Collingdon Street  LUTON 
Bedfordshire LU 11RX  Telephone (05821 413174  Telex /32540.4 

exciting 
Thevnew name 
in Linear I/Cs 

Analog Systems, the fast growing linear I/C company 
of Arizona whose products are available from Pascall, offer a wide 

range of high performance linear integrated circuits. 

Hi-Speed Amplifiers 

MA 207 - 1.5 GHz gain-
Im" bandwidth product. 

-± 800 V/i.iS slew rate. 

MA 324 ±- 130 V/ µS slew rate, 
450 MHz gain-bandwidth 
product. 

Ill MA 326-350 MHz gain-
1.1.  bondwidth product. 

400nS settling time. 

Send for 
full product 
listings of 
Analog Systems 
exciting 
product range 

MA 401 -± 225 V/jzS slew rate 
20V swing. 

gf:INFILOG SYSTE MS 

Pascall Electronics Limited, 
Hawke House, Green Street, 
Sunbury-on-Thames,  tbe 
Middlesex TVV16 6RA 
Telephone: (09327) 87418 Telex: 8814536 

limo mi simmi miDef Stan 05-31 / BS9000/ CECC approved 
ww — 012 FOR FURTHER DETAILS 

New KONTAKT Sprays 
for the Electronics & 
Electrical Industries 

KALTRON 601 
A new cleaner for Magnetic Recording Units, Kaltron 601 
has an extremely low surface tension thereby enabling the 
cleaning of magnetic sound heads leaving no deposit or 
other traces. 
It is chemically pure (9 9.8%) — non conductive — 
non-flammable. 
It can be used on energised electrical installations and 
electronic equipment, e.g. video units, tape recorders, 
data processing systems etc. 

Also NE W 

PRINTER 66 
Spray cleaner for type wheel printers, matrix printers and chain printers. Can 
also be used for cleaning normal typewriters. 

SCREEN 99 
Specially for the cleaning of all types of screens, including data terminals and 
T.V. Screens. 

VASELINE SPRAY 701 
For use in communications engineering and construction of antennae. 
Proved successful as corrosion inhibitor for cable clamps, connecting screw 
joints etc. Application from spray can with capillary tube is clean and simple. 
Distributed by: 

Special Products Distributors Ltd. 
81 Piccadilly, London, W1V OH L 

Tel: 01-629 9556 : Cables: Speciprod, London, W.1 
Telex: 265200 (answerback RACEN) 

W W — 025 FOR FURTHER DETAILS 

WE CUT THE PRICE. 
WE CUT THE SIZE. 

WE LEFT THE OMRON QUALITY.  
IMO can now offer you the high quality 

and reliability that you have come to expect in 
Omron relays, in their new series of low profile, 
printed circuit mounting subminiatures. 

There's a tremendous range for every 
Interface, communication and output application, 
suitable for mounting with soCkets or directly 
onto printed circuit boards. There are low cost 
types like the LC1-NE, where price is a major 
consideration, and high reliability types like 
the LZN's with gold-clad, bifurcated crossbar 
contacts and card lift-off operation. 

With contact ratings up to 10A and 240VAC 
and down to 10µ A, all in a variety of housing 
styles and sizes, and up to four changeover 
contacts per relay, this range from IMO offers 

you real design flexibility. All usual AC and DC 
coil voltages are available from stock. 

With the increased requirement for 
complete reliability In electronic circuitry, 
you'll need relays at the right price and 
the highest quality. 

In a word, Omron-from IMO. 

IMO 
Much more 

than you may know 

IMO Precision Controls Ltd., 
349 Edgware Road, London W2 1BS. 
Tel: 01-723 2231/4 or 01-402 7333/6. 
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HERE IT IS! THE BRAND 
HAND-HELD 

Consider the following features: 
6 resistance ranges from 200 

ohm-20 ohms 
8 current ranges from 2mA-2A 
AC/DC 
10 voltage ranges from 200  
ro 1000  DC 200 mc-750V 

AC 
Pocket size - weighjng only 

370 grns. 
Full overload protection - will 
withstand 6kv spikes 
Rugged construction - vii-tua lly 

indestructable 
Meets tough military specs - 

_drop proof • •  , 
In line, pushbutton operation for 
single-handed uaeage 

' 

NE W 8022A 
DM M 

 ̂
OFF THE SHELF 

• DELIVERY ON THESE 
",   ̂„ 

-- 

FLLI KE if !SI RS  • 
Pig e iV PII4 • Pil l 
',41,ti..c-ill)••• ••  41: 

i. ••••• • ; '..-4p.,.../  ,..1  • :71 f...• • • :.•  

- 
801011PAND 8012A BENCH. MODEL D. ...ALI - . -. 

/ he 8010A is a general purpose. bench/portable digital MUltimeter with more functions 
and features than ever offered for such a low eice. Its companion, the 8012A. has 
'identical characteristics except that it hes two additio.1 low resistence ranges, 20 and 
200 V) replace the 8010A's 10 ampere current range. 
The 8010A and 8012A feature: 
10 wheys rang. from 200r. - 1000v de 200mv - 75.  
3 conductance ranges born 2mS - 200 re. j., ' • 
t resistance ranges from 2000- 20m0 - the 8012A has two edditionel resistance ranges 
e end 2051. 
10 'current ranges from 21300A - 2A AC/DC - the 13010A has two additional copied' 
anges 10A AC and 10A DC. • .. . . 

8010A £159  8012Á £108. - 
Carriage and Insurance £3  .  •  - - 

-,iie 8010A is also available with two r.hargeable N eed size C batteries installeifin option' 
01 a. £1711.00.  •  • 

. 

DIGITAL MULTIMETERS 
BRAND NE W FRO M FLUKE!!! 

NO W AVAILABLE  . 

THE 8024A HAND HELD O M M 

This model incorporates all ;he features of 

the 8020A but in addition has, 

A peak hold switch which can be used in 
AC or DC for volts and current functions. 

Audible continuity testing and level de- 
, tection for sensing logic levels. 

A temperature (°C) range for use with a 

thermocouple. £149 
Carriage and Insurance £3 

The fállowing qpitenor.144 ere in stock stow 

.Y8008 Touch and Hold Probe   . CUI.00 
80K-40 High Voltage Probe    646.00 
SlliF RF Probe to 100 MHZ    132.043 

, 80T-150C Ter . .. . 'P.n. (C)  • • , • £55.00 ow -soo Clampon AC Current Probe  £515;00 

N,,, 
1 
t„., 
'',C, 

Incorporates low power cmos 
chip for low power consumption 
All this plus a 2-year full guaran- 

tee  . 

For only £75 + VAT  SOFT CARRYING CASE 
Carriage and Insurance £3  £7 extra , 

. 

LOW COST, AUTO RAN  • - ••- .  _ 
MULTI-FUNCTION COUNTER-- , 

M ODEL 1900A  • • 
Al Autoranging in both frequence and period measureMent modes  '  - 
• Wide Frequency range -5 Hz to 80 MHz  , 
• High sensitivity -25 mV, typically 15 niV  , . , 
• Set digit LED display with leading zero suppression, automatic annunciation and 
overflow  .. .  ' , • • ..  ' .-  . . 

• Optionai internal battery oack providing 4 hours continuo. operati'en"  • . , - . . , , 
• Auto mat on ell gete ti me. all timotion switch«  -  -  . 
• Four rnen.11y selected gate times providing resolution to 0,1 Ha  ..  • 

• Event c.f. . to 106 events with overflow indicate, .  .. . 
6 Signal input conditioning"Wiih switchable 1 MHz law pass fitter and attenneinf  
• Rugged moulded case with convenient tilting/carrying handle  . 
• Optional parallel data output with decimal point and annunciation  . 
• Traditional high Fluke quality 
•. Self ch.k  ,' £235 Carriage and Insurence £3 • 

' 
Even mere eophieSeeied eke Fluke 8020A 
Identical in most respeçts to the 8022A but in addition incorporates a, 
conductance range from 2rnS-200nS.  •  . .  •  

Price £125 
• 

Carriage and insurance £3.00 

A handsome soft carrying case is included (this model only)  , 

. 
-; Y7206 EN 
• •  20,000 OPV 

AC Volts: 0-10, 50. 
' • ' '  250, 500, 1000. 
ire" DC Volts: 0-0.5, 5.. 

25. 125, 250, 500. 
1000. 
. DC Current; 0-0.05, 

5,250 nsA .   

%sm... ii 31, obols 300k ph'', 3 nu,p 
0 In, 
Decibels -20- +63 db 
Dus 1"27-x 90 x 37 mrn n 

£1 0.95 FeP 75p 

TMK500 

90.000 OPV 
, A sturdy and reliable in- : 
strument Has internal' 
\ buzzer. 
, AC volt. 0 to 2.5, 10, 
' 25, 100, 250. 500, 
1000. 

DC oeltt Oto 0 25 1 2 5 10 25 100 , 
250, 1000.DC current 0 to 50 ue, 5.1. 50 
ma 12 am 
Resistance 0 to 6K. 60K. 6 wag, 60 meg. 
Decibels: -20 to +56 db. 
Short test: Inter.lbuzzer. 
Size: 160 x 110 x 55 mm.  . 

£20.50. P.BP. 75P 

PLEASE ADD 15 % VAT 
TO. ALL ORDERS 
EXCEPT WHERE 
ITEMS MARKED . 

"VAT INCLUDED." 
CALLERS W ELCO ME 
.' We are open-9 a. m.-6 p. m. 

MOnday-Saturda y 

We Carry a very large ,Selection of electronic . .  .  ... , 
components and 

. electro-mechanical items. 

Special quotations on quantities 

.  . 
ROTARY STUD SWITCH 
PLESSEY 30-Way, 2 bank, . 
Single pole. Contacts 1 amp 
240v, AC/DC. 0050 res. - 
Make before break. Stop M- 
finitely adjustable allowing for  -----.. 
any desired arc of travel. Ideal 
•for instrument and model ge-, --'''.'.iit- 
switching Size 2V." die. <- "f• 
overall 5 2V." deep plus 1%" bra . ....1 
o 1/4 " dia. spindle. .C_ -• 

£3.25 P&P 50e, 

. 
BENDIX MAGNETIC C. •rICH 
Superb elarnple of  • 00 ,„„. 0j..,„ 
electromechanics. Main  • i, Hen ., c,,,, : 
bode in wrOsectione. coil , w„,,,,, & km, 
.ction fixed with hi" 
' sleeve drive siction 
rotating  on  outer 
penmeter. 'Uniting plate 
has Y." ID bearing con-
centric with main section 
and  18-tooth  cog 
Wheel. Extremely power-  

• foi transmission. 24V  .-  , 
DC 240 m/a.  £4.75. Pie. • E P 

_ 

ELECTRO'-TECH CO MPONEN T S LTD. _ 
364 EDG WARE ROAD, LONDON, W.2. TEL: 01-723 5667 

WIRELESS,WORLDAPFIIL 198 1 
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Desk consoles, instrument 
cases and boxes which - 
'feature anodised aluminium 
extrusions and panels, with 
integral facilities to mount 
subchassis and PCBs.,. 

www.americanradiohistorv.com 

Reality 
as seen by 
our ears 
The sound of Spendor speakers has to be compared with the sound of 
live music to really appreciate its quality. It is the reality of 
reproduction that has made Spendor ode of the most respected 
manufacturers of speaker systems in the country. The construction and 
finish too is the envy of any craftsman. 

The Spendor Company is a self-contained unit of highly talented audio 
engineers who put quality before quantity. Currently over 2,000 Spendor 
speakers are used by professionals like the British Broadcasting 
Corporation, The I.R.A., W.D.R. Cologne and other selective organisations. 

Reality as seen by your ears? Compare Spendor sound with live sound 
and see for yourself. 

spen r 
Sound engineering 

Spendor Audio Syste ms Ltd., 
Station Road Industrial Estate, 
Hailsha m, Sussex BN27 2ER 
Tel: Hailsha m 843474 

WW — 026 FOR FURTHER DETAILS 



Since it's introduction, the CS1830 has been our top seller, 
and no wonder, when you glance at the comprehensive 
specification and the extremely attractive price which 
includes two matching X1 1X10 probes. 
Add to that the fact that we can normally Supply from stock 
and you have a winner. Some of the details are listed here 
but if you need further information, just contact us and we'll 
be happy to asSist. 
C.R.T.: 
120 x 96 mm rectangular PDA with internal graticule 
Y Bandwidth: 
DC - 30MHz 
Sensitivity: 
5mV/ div (30MHz) 
2mV/ div (20MHz) 
Input RC: 
1M/23pF 
Risetime: 11.7nS 
Beam Switch: 
Chop/alternate 
Modes: 
CH1, CH2, Dual, Add, Subtract 
Time Base: 
Triggered, auto, or single shot 
SWeep Time: 
0 5S/div-200nS/div (4dnS using X5 mag) 20 ranges in 
1F2-5 sequence 
Sweep Delay: 
-i0OrriS-1uS adjustable with trace bright up fordelay 

16cation 
É Modulation: 
TTL compatible 10K impedance 5MHz bandwidth 

Trace Rotation: 
lectrical 
And the Price? 

£455 + VAT (includes 2 probes) 

-11111111.-

NRD 515 SYNTHESISED HF MONITORING RECEIVER    £948.75 inc. VAT 
  £161.00 inc. VAT 

  £27.60 inc. VAT 
  £34.50 inc. VAT 

WIRELESS WORLD APRIL 1981 

Also 

CS1577A 
Dual 30Mhz/ 2mV Signal 

Delay etc 

£410 + VAT 

NHD 515 MULTICHANNEL MEMORY UNIT 
NVA 515 LOUDSPEAKER UNIT 
CFL 260 600Hz CVV FILTER 

The NRD 515 is a PLL-synthesised communications receiver of the highest class featuring advanced radio technology combined with the 
latest digital techniques. The new NRD 515 is full of performance advantages including general coverage, all modes of operation. PLL digital 
VFO for digital tuning, 24-channel frequency memory (option), direct mixing pass-band tuning, etc. JRC's 65 years of radio communications 
experience will give you "the world at your fingertips". The N RD 515 is but a single item from the JRC product range which extends all the 

way to full marine radio installations for supertankers. 

LOVVE ELECTRONICS Ltd. 
CHESTERFIELD ROAD, MATLOCK, DERBYSHIRE DE4 5LE TEL. 0629 2430/2817 

WIRELESS WORLD APRIL 1981 

• ORDER BY POST OR TELEPHONE 
WITH BARCLAYCARD/ACCESS 

• ELECTRONIC TEST 
EQUIPMENT 
SPECIALISTS 

• ALL PRICES INCLUDE VAT 

amt  sa mem.  .a1W8e. 
M K  NM  MR M O M& IWO 
I RMO MI NI M al « M 

• rar ,• 
SCOPES 

Eria=r1:: 
A range of Scopes in stock from 5mHZ Single Trace to 50mHZ Dualtrece. 
Mains and Battery/ Mains portables. 
Many on demonstration. 

SINGLE TRACE (UK c/p etc £2.50) 
Hm 307-3 10mHZ. 5mV, 6 x 7 cm display plus component test  £158.78 
C01303D 5mHZ, 10mHZ, 7 x 7cm display  £109.25 
SC110 10mHZ Battery portable, 10mV 3.2 x 2.6cm display (Optional case 
£8.86. Nicads £8.63 Mains unit £4)  £158.95 
*1.8012A 10mHZ 10mV. 5" display  £195.00 
*CS1559A 10mHZ 10mV. 5" display  £198.50 
*V151 15mHZ ImV 5" display  £241.50 
*Price includes free Prob es) 

OPTIONAL PROBES (ALL MODELS) 
XI £6.50, X10 £8.50, X100 £12.95, X1-X10 £10.95 
HAMEG 'TRIO • SINCLAIR 6 LEADER 'HITACHI 
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• ALL MODELS ON DISPLAY 

• RETAIL - MAIL ORDER - 
EXPORT - INDUSTRIAL 

• OPEN SIX DAYS A WEEK 

• CALL IN AND SEE 
FOR YOURSELF 

DUAL TRACE (UK c/p etc E3.50) 
CS156A 10mHZ, 10mV 5" display  £267.00 
CS1575 5mHZ 1mV 5" display  £284.00 
Hm 312-8 20mHZ. 5mV 10cm display  £253.00 
CS1566A 20mHZ, 5mV, 5" display  £339.00 
*1..803085 10mHZ, 2mV, 5 x 6.3cm display. Battery/mains. Portable built-in 
Nicads  £482.00 
HM412-4 20mHZ, 5mV, 8 x 10cm display plus Sweep Delay  £399.50 
CS1577A 35mHZ, 2mV, 5" display  £478.00 
CS1830 30mHZ, 2mV, 5" display plus sweep delay and delay une - new 
model 
Hm 512-8 50mHZ, 5mV, 10 x 8cm display. Delay Sweep 
*1.80514 10mHZ, lmV, (5mV) 5" display 
*V152 15mHZ, 1mV, 5" display 
*V302 30mHZ, I mV, 5" display 
*V550 50mHZ, lmV, 10 x 8cm Delay sweep + 3 channel display 

GENERATORS RF  
A mtg. of Signal Gononnoeu to cover Audio. 
RF mil Puking. Mains oponnod (TO ninon 

5G402  100 KHZ 30 mHZ with A M 
modulation  £68.00 

LSG16100KHZ (300mHZ on Harmonics) 

£63.25 
LSG231 100m HZ 1mHZ (adjustable) FM 
stereo generator, pilot and mod  £195.00 

PULSE 
2001 1HZ 100KHZ (function)  £89.70 
TG105 5HZ 5mHZ  £92.50 
4001 0.5HZ 5mHZ  £109.25 
200P 0.00 2H2 5.5mHZ  £253.00 
200SPC as 200P plus built-in freq. 

display/ 100mHZ counter  £437.00 
TT100 (Function 10KHZ)  £90.85 

AUDIO (All sine/square) 
AG202A 20HZ- 200KHZ 
LAG26 20HZ - 200KHZ 
AG203 10HZ - 1mHZ sine /sq 
LAG120A 10HZ- 1mHZ 

£69.00 
£73.60 
£126.50 
£146.00 

Also in stock range of Protoboard kits and 
breadboards. 

LEADER * TRIO • NEVVTRONICS • LEVELL 
DIGITAL MULTIMETERS Asi.1s al LED slid LCD Dis end Ciad 

and lads. 

roam r óiO I Z1 

HAND HELD (UK post etc 85p) 
GL35C 31/2  Digit LCD in AC/DC wi th case 

0 

TM352 31/2 Digit LCD plus 10A £D5C4a.9n5d 
Hfe checker 
ME502 31/2  Digit LED plus 10A DC and 
Hfe checker  £43.95 
LM2001 31/2  Digit LCD 2 amp AC/DC 
0.1 %  £51.70 

6200 31/2  Digit LCD 0.2A AC/ D£ C4. 5A.u9t5o 
range 

8220 As 6200 plus 10A AC/DC £55.95 

..  .. 6110 As 6100 plus 10A AC/DC M SS 
L_J • TM394 31/2 Digit LCD 2A DC with case 

6100 As 6200 plus Cont. test/ran :es: 5d 
£69.95 

FREQUENCY 
COUNTERS 

afISE 

CSC • SINCLAIR 

'PRO' MULTIMETERS 
(UK c/p £1.20) 
M1200 100K /Volt 30 ranges plus AC/ 
DC 15 amp  £87.00 
K1400 20K/Volt 23 range large scale 

£79.95 
M1500 20K/Volt 42 range plus AC/DC 

10 amp  £53.50 

K200 38 range FET 10m OH M ireut 
20Hz to 30MHz rnultimeter  £95.00 

LOGIC PROBES/ 
MONITORS 
Logic probes indicating high/low, etc., 
states that scopes can miss. All circuit 
powered for all ICs. 

LP3 50 MHz logic probe  £55.95 
LP1 10 MHz logic probe  £35.50 
LP2 11/2  MHz logic probe  £19.95 

LM1 Logic monitor  £33.00 
LDP076 50 MHz logic probe with case 

£51.00 

BENCH PORTABLES (UK c/p 
D M235 31/2 Digit LED 71 ranges, 0.5 % 
AC/DC 2A  £60.38 

D M350 31/2 Digit LED 34 ranges AC/DC 
10A  £83.38 
'T M353 31/2 Digit LCD AC/ DC 2 amp 

£96.60 
TM351 31/2 Digit LCD AC/ DC 10 amp 

£113.85 
LM100 31/2 Digit LCD AC/DC 2 amp 

£86.50 
D M450 41/2  Digit LED 34 ranges AC/ DC 

10 amp  £113.85 
(DM series options. Carry case £8.86 
Ni-cads £8.63 Mains adaptor £4) 
1503 4% Digit LCD 28 range AC/DC 10 
amp includes mains adaptor  £159.95 

Portable and Bench LCD and LED Counters 
up to 600mHZ. Prices include batteries and 
leads. 

HAND HELD (UK post etc 85p) 
PF M200 20HZ to 200mHZ 8 Digit LED  £52.27 
M AX50 100HZ to 50mHZ 6 Digit LED  £61.00 
M AX550 30KHZ to 550mHZ 6 Digit LED 

£106.00 

BENCH PORTABLES 
(UK c/p £1) 
M AX100 8 Digit LED 5HZ to 100mHZ  £89.00 
TF2CIO 8 Digit LCD 10HZ to 200mHZ  £166.75 
7010A 9 Digit LED 10HZ to 600mHZ  £169.00 
TP600600mHZ Pre-Scaler for TF200  £43.13 

200SPC 6 Digit 100 MHZ LED built into 
0.002HZ to 5.5 M HZ Pulse Generator £437.00 

TF040 8 Digit LCD 20MHz  £126.50 

• OPTOELECTRONICS • NEwTRONICS 

CLAMP METERS/ 
INSULATION TESTERS 
(AZ multimmge except K2303) 

K2303 30 AMPS 500 VAC £21.95 
3101 300 AMPS 600 VAC 1K OHM 

£32.95 
K2803 300 AMPS 600VAC 2K 
OHM  £53.95 
K2903 900 AMPS 750 VAC 2K 
OHM  "  £77.95 
K3103 Transistorised insulation/ 
continuity tester. 100 MEG. 600 
VAC 0/2 1/2 K  £95.00 
M500 Insulation tester 100 MEG. 
500 VOLT. 0/200 OHMS continuity 

£67.60 
Also digital and DC types in stock 

Stockists of electronic equipment, speakers/kits, PA equipment plus huge 
range of accessories II UK carriage/packing as indicated e Export - prices on request 

• Ail prices correct at 1.2.81 E & OE • All prices include VAT 

AUDIO ELECTRONICS .27tge7 
301 EDGWARE ROAD, LONDON, W2 1 BN, ENGLAND. TELEPHONE 01-724 3564 

OPEN SIX DAYS 
A WEEK 

£569.00 
£667.00 
£294.00 
£326.00 
£447.35 
£799.25 

SWR/FS AND 
POWER METERS 

Range in stock covering up to 
150mHZ and up to 1K watt power 
PL259 sockets. Also 250 UHZ 
Grid Dipmeter. 
SWR9 SWR/S 3-150mHZ£0.50 
SWI M/ SWR / Rower meter. 
31/2 -1 50mHZ 0-1000 watts 

£13.95 
110 SWR/PoWer 11/2 -144mHZ 
0/10/100 watts  £11.50 
171 As 110 Twin meter plus E/S 

£14.50 
Plus large range of BNC/PL259/ 
etc leads plus adaptors/connectors 
always in stock. 
176  SWR /Power/FS  I 1/2 -
144mHZ 5-50 watt Plus 25-
40mHZ ac match  £16.60 
KOM6Gnd Dip 11/2 -250mHZ 

£38.50 

MULTIMETERS (UK c/p 75p) 

KRT101 1K/Volt 10 range pocket  £4.60 
ATM1/LT1 1K/ Volt 12 range pocket £5.98 
NH55 2K/Volt 10 range pocket  £6.50 
ATI 2K/Volt 12 range pocket de luxe  £7.75 
NH56 20K/Volt 22 range pocket  £11.95 
YN360TR 20K/Volt 19 range pocket plus hfe test 

£13.50 
AT1020 20K/Volt 19 range de luxe plus hfe test 

£16.95 
7081 50K/Volt 36 range plus 10 amp DC  £20.80 
TR303TR 20K/volt plus 12A DC plus hfe test £15.95 
AT20 20K/Volt 21 range de luxe plus 10A DC and 5KV 
DC £21.95 
AT205 50K/Volt 21 range de luxe plus 10A DC 

£24.95 
7080 20K/Volt 26 range large scale, 10A DC plus 5KV 
AC/DC  £26.95 
AT2050 50K/Volt 18 range de luxe plus hfe test 

£28.50 
AT210 100K/Volt 21 range de luxe 12A AC/ DC 

£29.95 
360TR 100K /Volt 23 range plus hfe checker and 
AC/DC 10 amps  £34.95 

CHOOSE FROM UK'S 
LARGEST SELECTION 

TV GENERATORS 
LCG-393V PAL 8VHF 6 parts 
SCG-392U 
PAL B UHF 15 patts 

l=q;FER 

£137.00 

£217.00 

FREE 
cArAt-terceo 

Schools. 

e t c ,ferne de okentgreeqSuAeE (20p  isets,  

UK)•-•‘-'IrPan* 

W W - 046 FOR FURTHER DETAILS 

ricaniadiohistorv.com 

WW - 009 FOR FURTHER DETAILS 
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LTD. VALVE & COMPONENTS SPECIALISTS 
TEL. 0474 813225 

BARCLAYCARD BARCLAYCABI) 

Ill gall 
PM COMPONENTS 

HOUSE, VVROTHA M ROAD, IVIEOPHA M, 
• 

KENT. CONINGSBY 
SE MICO N D UCT OR  I BC183L  0.09 

BC184LA  0.09 
6C208 0.13  
BC212  0.09 
BC212L  0.09 
BC213  0.09 
BC213L  0.09 
BC214  0.09 
BC214L  0.09 
BC237  0.09 
BC238  089 
8C251A  0.12 
BC252A  0.15 
BC2584  0.39 
BC303  0.26 
BC307  009 
BC327  0.10 
BC337  0.10 
BC338  0.09 
BC461  0,30 
BC478  0.20 
BC547  0.10 
BC548  0.10 
BC549A  0 .08 
BC550  0.07 
BC9 ,7 0.07 
BC558  0.07 
BD115  0.30 

OD116  0.52 
BD124  0.56 
BD131  0.32 
BD132  0.35 
80133  0.40 
130135  0.30 
60136  0.30 
130137  0.28 
80138  0.30 
130139  0.32 
80140  0.30 
(30144  1.20 
80182  0.70 
B0201  0.133 
BD203  0.78 
BD204  0.70 
80222  0.46 
BD225  0.46 
00237  0.30 
80238  0.33 
BD410  0.25 
BDX32  1.50 
8E115  0.35 
I3F127  0.24 
I3F158  0.18 
BF160  0.27 
BF167  0,24 
BF173  0.22 

' 

6E178  0.26 
BF179  0.34 
BF180  0.29 
BF181  0.29 
BF182  0.29 
8E183  0.29 
6E184  0.28 
6E185  0.28 
131194  0.11 
BF195  0.11 
BF196  0.11 
8E197  0.11 
BF198  0.10 
BF199  0.14 
BF200  0.30 
BF241  0.15 
BF257  0.28  
B F258  0.25 
BF259  0.26 
BF273  0.13 
8E336  0.34 
BF337  0.29 
BF338  0.32 
BF355  0.37 
BF363  0.31 
8E371  0.20 
BF457  0.23 
BF458  0.23 

BF459  0.36 
BFT42  0.28 
BFT43  0.27 
BFX29  0.30 
BFX84  0.28 
BFX85  0.28 
BFX86  0.30 
BFX88  0.25 
BP150  0.21 
BFY51  0.21 
13FY52  0.25 
BFY90  0.77 
1311100  0.19 
1311101  0.30 
B9C4443  0.85 
BT106  1.00 
BT108  1.22 
BT116  1.20 
BU105  1.22 
BU108  1.69 
BU124  1.00 
BU126  1.22 
8U205  1.30 
BU208  1.39 
al-1208A  1.52 
BU208-02  1.89 
BU326A  1.42 
511407  1.24 

BU500  1.75 
MJE340  040 

I.C..S SN76650N 1.05 
SN76660N  0.60 
SN76666N  0.70 
TAA550  0.28 
T44661B  1.20 
TAA700  1.70 
TB641-1311  1.90 
TBA1206  0.70 
TBA1205  0.70 
TBA120SA  0.70 
TBA120SB  0.70 
TBA120SQ  0.70 
TBA120U  1.00 
TBA395  1.50 
TBA396  0.75 
TBA480Q  1.25 
TBA510  1.65  TBA5200  1.10 
TBA530  1.10 
TBA5300  1.10 
TBA540  1.25 
TBA540(3  1.35 
TBA550(1  1.55 
TBA560CQ  1.55 
TBA570  1.10 
TBA720AQ 2.45 
TBA7500  1.40 
TBA800  0.89.  

TBA810AS  1.35 
TBA920  1.65 
TBA9200  1.65 
1134950  2.35 
TBA990  1.49 
1849900  1.49 
TCA270Q  1.10 
TCABOO  2.15 
TCA940  1.65 
TDA440  295 
TDA1004A  1.85 
TDA1170  1.95 
TDA1190  2.15 
TDA1327  1.70 
TDA1470  1,55 
TDA2030  2.80 
TDA2522  2.40  TDA2530  1.95 
TDA2532  240 
TDA2540  2.15 
TDA2541  2.15 
TDA2560  2.15 
TDA2581  1.25 
TDA2590  2.75 
TDA2600  2.95 
TDA2640  2.50 
TDA2690  1.35 
TDA3950  2.50  

DI O DES 

AA1 19  0.07 ' 
BA102  0.17 
04115  0.13 
BA156  0.15 
BAX13  0.04 
BAX16  0.05 
BB105B  0.30 
BY126  0.10 
BY127  0.11 
BY164  0.45 
0490  0.05 
N914  0.03 
N4001  0.64 

N4002  0.04  N4003  0.04 
N4004  0.05 
N4005  0.05 
N4006  0.05 
N4007  0.08  
N4148  0.02 
N5401  0.12 
N5402  0.14 
N5403  0.12 
N5406  0.13 
N5408  0.16 

AC126  0,22 
AC127  0.22 
AC128  0.28 
AC141K  0.34 
AC142K  0.30 
AC176  0.22 
AC176K  0.31 
AC187  0.26 
AC187K  0.28 
AC188  0.22 
40149  0.70 
40161  0.39 
AC161/2  1.04 
40162  0.39 
AF124  0.34 
AF125  0.32 
AF126  0.32 
AF127  0.32 
AF139  0.42 
AF150  0.42 
AF239  0.42 
AU110  2.00 
AU113  1.48 
BC107  0.10 
BC107B  0.10 , 
BC108  0.10 

BC108A  0.10 
BC108C  0.10 
BC10913  0.10 
BC114  0,11 
BC116A  0.12 
BC140  0.31 
EIC141  0.25 
BC142  0.21 
BC143  0.24  
BC147  ..0.0,9n 
BC148  ......... 
BC149  .......9.. 
BC157  ...... 
BC158  (1.4° 
BC159  ..0.29... 

. BC160  ... 
BC161  0.28 
BC170B  0.10 
BC171  0.08 
BC171A  0.10 
BC172  0.09 
BC172C  0.10 
'BC173B  0.10 
BC174A  0.09 
0C182  0.°9 
BC182LB  0.10 

MJE520  0.44 
R2008B  1.70 
520106  1.70 
52540  2.48 
TIP29C  0.42 
TIP30C  0.43 
TIP31C  0.42 
TIP32C  0.42 
TIP33B  0.55 
TIP41C  0.45 
TIP42C  0.47 
TIP47  0.65 
TIP2955  0.84 
7103055  0.66 
TIS91 0.20  
2N3054  0.59 
2N3055  0.59 
2N3702  0,12 
2N3703  0.12 
2N3704  0.12 
2N3705  0.12 
2N3706  0.12 
2N3708  0.12 
2N5294  0.38 
2/15296  0.48 

MC1307  1.00 
MC1327  1.00 
MC1349  1.30 
MC1350  1.00 
MC1351  1.00 
MC1352  1.00 
ML231B  2.10 
ML2328  2.10 
SAS5605  190 
SAS5705  180 
SL901B  4.45 
SL917B  625 
SL1310  1.80 
5L13270  1.10 
SN76003 N 185  
SN76013N  185 
SN76013ND 1.65 
SN76023N  135 
SN76033N  135 
SN7611N  689 
SN76131N  1.30 
SN76226N  1.55 
SN76227N  185 
SN76532N  1.40 
SN76533N  1.30 
SN76544N  1.35 

NE W BRANDED VALVES g ro8p;  UÓ CC85  0. CC88  54m 0.80 
PY88  0.79 
PY500A  1.35 
PY800  0.65 
py801  0.65 
QC1V02-6  10.50 
QQV03-10  2.50 
(3CIV03-20A 12.25 
Q0V06-40A 13.95 
00206-40A 45.25 
05150/45  7 .50 
QS1200  3.15 
051209  1 .50 
051212  3.25 
CW03-12  3.50 
0V05-25  1.75 
0Y3-125  30.50 
0Y4-250  52.15 
0Y4-400  60.85 
001-125  3.50 
RGI-2404.  11.75 
RG3-250A 11.75 
STV280/40 8.00 
STV280/80 23.00 
TY2-125A  45.00 
TY4-350  90.00 
TY4-500A  41.50 
u19  11.95 
u25  0.68 
UABC80  0.65 
UBF89  0.60 
UCC85  0.60 
UCH41  1.20 
UCH42  1.40 
UCH81  0.70 
UCL82  0.76 
li F89  1.10 
U L84  0.78 
UY85  0.70 

VLS631  13.00 
VR105/30  1.35 
X65  0.85 
X66  0.85 
YL1060  1580 
Z759  9.00 
2803U  15.00 
2C1040  8.00 
2M1001  5.00 
2021  1.00 
2D21W  2.00 
2K25  10.50 
3AW2  3.35 
3A/147J  7.50 
4CX250E1  26.60 
4CX-350A 39.00 
5A-170K  5.25 
56/254M  11.50 
56/255M  15.00 
5U4G  0.90 
5V4G  0.90 
5Z4G  0.90 
6AF4A  1.20 
6AW8A  3.25 
6C66  2.00 
6BL8  0.65 
6B58  1.20 
6857  3.30 
6858  1.88 
60W6  5.20 
6BW7  0.75 
6CD6GA  4.00 
6CL6  1.50 
6DC6  2.00 
6F14  095 
6F18  0.95 
6F23  0.60 
6F24  1.25 

6F28  1.50 
6F33  8.50 
6GH8A  0.80 
6JS6C  4.00 
6J5GT  0.75 
6KD6  3.95 
6L7  0.75 
6L020  0.60 
6L6GC  1.75 
6L6GT  1.10 
6SL7GT  0.90 
6SN7GT  0.90 
6V6GT  0.90 
6X5GT 6X8A  0.65 1.25 
11E2  15.50 
12AT7  0.55 
12AT7WA  1.50. 
1.2,AU6  0.60 
12AU7  0.60 
12AX7  0.55 
12AX7WA  1.50 
12BA6  0.80 
128E6  1.05 
12BH7  0.95 
12E1  16.50 
12GN7A  3.25 
125N7GT  1.85 
20A2  4.00 
30FL2  0.95 
30PL1  2.50 
30PL14  1.80 
40KD6  2.80 
50CD6G  1.20 
85A1  5.40 
8552  1.20 
90C1  1.69 
90CG  10.85 

92AG  9.00 
92AV   9,00 
15062  1,50 
150133  350  
155UG  25.00 
807  1'05  
811A  9.00 
813  11.30 
833A  47.85 
866A  2.50 
2050A  190 
5636  3.00 
5642  6.00 
5687 
5696  2.55 5'15 
5749  3.00  
5763  3.20 
5814A  2.75 
5876  8.25 
5879  3.96 
5965  3.00 
6057  2.75 
6060  1.20 
6067  3,00 
6080  4.20 
61465  4.45 
61466  4.85 
6870  11.50 
7025  1.50 
7360  7.50 
7558  11.50 
7591A  2.35 

VIDEO TAPES 
VHS 
El 20 TDK  6.90 
El 80 TDK  8.15 

BE TAM AX 
I-500 Ampex  6.50 
1350 SODY  8.35 

A2087  11.50 
42293  7.20 
EOM  3500  
DM160  1.59 
Dm96/97  0.55  
DY802  560  
E8OCC  4.75 
EBOF  6.25 
EB1CC  3.50  
EB2CC  1.50  
EB3CC  1.50  
E83F  2.00  
886C  0.00  
E88C  4.00 
EB8CC  2.60 
El3OL  13.00 
E1130F  5.25 
E182CC  4.50 
E810F  8.25 
EABC80  0.56 
EAF801  1.40 
EB91  0.52 
EBC41  0.85 
EBC81  0.85 
EBC89  0.85 
EBF80  0.55 
EBF89  0.70 
ECC81  0.55 
ECC82  0.55 
ECC83  0.60 

ECCf34  0.60 
ECC85  0,60 
ECC88  0.65 
ECC91  0.65 
ECC189  0.78 
ECC804  0.46 
ECC807  1.30 
ECF80  0.55 
ECF82  0.50 
ECH81  0.58 
ECH83 0.78 
ECH84  0.96 
ECL80 .  0.66 
ECL82  0.58 
ECL83  1.13 
ECL84  0.74 
ECL85  0.74 
ECL86  0.74 
ECLL800  13.50 
EF37A  180 
EF39  2.00 
EF50  1.50 
EF80  0.48 
EF85  040 
EF86  0.70 
EF89  085 
EF91  1.22 
EF93  0.65 
EF94  0.65 
EF95  0,78 

EF183  ..,0.L.6 
8E184  ....L. 
EH90  ........'e 
EK90  ........., 
EL33  .... 
EL34  154  
EL36  Le°  
EL37  4.00 
EL38  4.50  
EL41  1.50 
EL81  1.09 
EL84  °..6r0 
EL86  "'L. 
EL90  0... 
EL95  0.82„ 
EL360  ...9.L. 
EL509  ..... 
EL821  .8.2.5. 

. EL822  .‘. 
EM 80  0.70 ...., 
EM81  n"./. 
8M84  ... 
EM85  0.85 
EM87  1.5° 
EMM803  2.25 
EN32  5.5° 
EN91  1.00 
EN92  2.5..5,, 
EY51  0... 
EY84  3*°° 

EZ80  0.48 
EZ81  0.56 
8290  0.96 
GN4  5.00 
GNIO  15.00 
GT1C  115° 
GU50  11.75 
GXU1  13.50 
GXU50  12.50 
GY501  1.25 
GZ30  0.76  

1.85 GZ33  . 
GZ34  2.00 
KT61  3.50 
KT56 (USA) 4.93 
KT66 (UK)  9.00 
K177  5.00 
KT88 (USA) 6.00 
KT88 (UK) 11.50 
ME1400  4.00 
ME1402  4.50 
MU14  1.40 
7,  8.90 
042  0.78 
002  0,80 
PC86  0.80 
pcm  0.80 
PC92  0.85 
PC97  0.85 
PCC84  0.48 

PCC89  0.80 
PCC189  0.80 
PCF80  0.72  
PCF82  0.70  
PCF86  1.10 
PCF200  1.35 
PCF201  1.35  
pc F801  0.92 
PCF802  0.72 
PCF805  1.95 
PCF806  0.60  
PCF808  1.48 
PCH200  1.10 
PCL82  0.74  
PCL83 
PCL84  20:70..0..6 
PCL85  0... 
PCL86  0'76  
PCL805  .0..8.0 
PD500  .̀.. 
PFL200  1..1.3 
PL36  ,.....,... 
PL81A  ,.,..1r" 
PL84  "... 
PL500  1.12 
PL504  1.20 
PL508  IC 
PL509  ‘... 
PL519  2,12 
PL802  '' 
PY81  0,65 

WI RE - BASES 
WOUND 
RESIS- 
TORS 

B7G  0-15 
97G Skirted 0.30 
BOG  0.70 
B9A  0.16 
B136  0.70 
Int. Octal  0.35 

4 WATT  8 
4R7-1K8  0.13 

Cans  0.30. 
( 

2K2-6K8  0,16 
10K  022  

7 WATT 
047-4K7  0.14 
5K6-12K  0.15 
15K-22K  0.18 

D U R A .. 
CELL 
B A T - 
TERIES 

11 WATT 
1R-10K  0.18 
15K  0.21 

17 WATT 
1R-10K  0.24 
15K-22 K  0.25 

MN1300  0.55 
MN1400  0.50 
MN1500  0.30 
MN1604  1.09 
MN2400  0.30 
MN9100  0.30 

P&P 50p ON ALL ORDERS 
PLEASE ADD VAT e 15 % 

, 
Many other types available. 
Please phone or send list for quotation 
Export & Trade Enquiries Welcome 
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Chokes, block filters, ceramic filters, resonators, IFTs, oscillator coils, audio filter blocks etc. 

LOW PASS FILTERS 

Now from 10kHz to 20MHz 
TOKO's recently expanded 
LPF series covers from the 
audio spectrum through to 
20MHz in a series of LPFs 
for mpx, video, -radio etc. 

The LPFs are based on 
78clOmm formats with 
up to 4 LC tuned ele-
ments per block. Many 
stock types available. 

HELICAL FILTERS 
for VHF and UHF: 

OM* 
_ea* 

2 & 3 elements available 
Featuring low insertion losses, 

-80dB at the 
+/- 21.4MHz 
points. Ask 
for details. 

VIDEO FRAME STORES  

* 525/625 operation 
* 512 pixell/line 
* Local or remote control 
* Top/bottom & L/R reverse 
* Models available with digitized I/O 

tomm aile 

CERAMIC RESONATORS & 
PI EZO SOUNDERS 

Audio buzzers now 
down to lkHz - low 
cost 400-600kHz 
crystal replacements 
for MPUs, RCs etc. 
Low cost - wide range. 

Video frame stores are a new add-
ition to TOKO's memory product 
range. They permit easy analysis of 
low dose X-Ray pictures, digital , 
processing of picture information 
(including the VFM1OD with 8" 
disk drive) with much better 
resolution than available from VTR 

AMBIT international 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 forth5eruite Road, Brentwood, Essen 

a special 24-p age supplement in Elektor 

.11 16 iL ID 
The new generation of 16-bit microprocessor systems can equal or even better the performance of 
present day minicomputers. This means that a real' computer is now within the reach of any enthusiast. 
The only question is: "Which system do you choose?" 

The April issue of Elektor contains a special 24 page supplement giving a brief survey of the field, con-
centrating in particular on the following types: 

Manufacturer  Type 
Intel  8086 
Motorola  68000 
National Semiconductor  16000 family 
Texas Instruments  9900 
Zilog  8001 

Second sources 
Mitsubishi, Mostek, Siemens 
Hitachi, Rockwell, Thomson 

AMI, ITT 
AMD, SGS-ATES 

Comparisons are given of the basic capabilities, register sets, addressing modes, instruction sets, memory 
maps and support chips. The article has been checked for technical accuracy by specialists from the 
respective manufacturers. 

elektor 
April issue on sale now, price 60p. 

Or direct from address below, price 80p (inc. 20p P&P) 
Elektor Publishers Ltd., 10 Longport, Canterbury, Kent CT1 1PE. 

Tel. (0227) 54439/0 
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LINEAR ICS LINEAR ICS LINEAR ICS LINEAR ICS 4000 sPries 4000 rem,  TTL  'N "LPSN' TTL  'N "LPSDP TTL  'N "LPSN  1'71.  'N'  PSN' MICROMARKET 

TBA1205  1.00 
1.200  1.95 
U2376  1.28 
U247E1  1.28 
0257B  1.28 
U267B  1.28 
LM301H  0.67 
LM301N  0.30 
LM308TC  0.65 
1M324  0.64 
LM339N  0.66 
LM348N  1.86 
IF351N  0.49 
LF353N  0.76 
LM374N  3.75 
LM380N-14 1.00 
LM380N.8  1.00 
LM381N  181 
ZN419CE 

NE555N 
NE556 
NE560N 
NE562N 
NE564N 
NE565N 
NE566N 
NE570N 
SL624 
1B4651 
uA709HC 
uA709PC 
uA710HC 
uA710PC 
uA741CH 
uA741CN 
uA747CN 
uA748CN 
05753 
uA758 
TBA820M 
TCA940E 
TDA1028 
1041029 
TDA1054 
TDA1062 
TDA1072 
TOA1074A 
TDA108.3 
TDA1090 
HA1137 
HA1195 
HA1197 
TDA1220 
LM1303 
LM1307 
MC1310P 
MC1330 
MC1350 
HA1370 
HA1388 
TDA1490 
MC1496P 

1.98 
1.80 
0.30 
0.50 
3.50 
4.05 
4.29 
1.00 
1.60 
3.85 
3.28 
1.81 
0.64 
0.46 
0.65 
0.59 
0.66 
0.27 
0.70 
0.36 
2.44 
2.35 
0.78 
1.80 
2.11 
2.11 
1.45 
1.95 
2.69 
5.04 
1.95 
3.05 
1.20 
2.00 
1.00 
1.40 
0.99 
1.55 
1.90 
1.20 
1.20 
1.90 
2.75 
1.86 
1.25 

5L1610P  1.60 
SL1611P  1.60 
SL1612P  1.60 
SL1613P  1.89 
SL1620P  2.17 
SL1621P  2.17 
SL1623P  2.44 
SL624C  3.28 
SL1625P  2.17 
SL1626P  2.44 
SL 1630P  1.62 
SL1640P  1.89 
SL1641P  1.89 
TDA2002  1.25 
ULN2242A 3.05 
ULN22836  1.00 
CA3080E  0.70 
CA3089E  1.84 
CA3090,40 3.35 
CA3123E  1.40 
CA3130E  0.80 
CA3130T  0.90 
CA3140E  0.46 
CA3189E  2.20 
CA3240  1.27 
MC3357P  2.85 
LM3900N  0.60 
LM3909N  0.68 
LM3914N  2.80 
LM3915N  2.80 
KI34400  0.80 
KB4406  0.60 
KB4412  1.95 
KB4413  1.95 
KB4417  1.80 
K6442013  1.09 
TDA4420  2.65 
K84423  2.30 
KB4424  1.65 
KB4431  1.95 
KI34432  1.95 
KB4433  1.52 
KB4436  2.53 
KB4437  1.75 
KB4438  2.22 

1.35 
K134445  1,29 
KB4446  2.75 
KB4448  1.65 
NE5044N  2.26 
NE5532N  1.85 
SD6000  3.75 
SL6270  2.03 
SL6310  2.03 
SL6600  3.75 
SL6640  2.75 
SL6440  POA 
SL6690  3.20 
SL6700  2.35 
ICL8038CC 4.50 
MSL9362  1.75 
MSL9363  1.75 
HA11211  1.95 

HA11223 
HA11225 
HA12002 
HA12017 
HA12402 
HA12411 
HA12412 
LF13741 
SN76660N 

FREO DISPLAY 
AND SYNTH 
DEVICES 
SA .1056 
SAA1058 
SAA1059 
11C9ODC 
LN1232 
LN1242 
MSL2318 
MSM5523 
MSM5524 
MSM5525 
MSM5526 
M5615527 
MSM55271 
MSL2312 
SP8629 
S66647 
95H9OPC  7.80 
HD10551  2.45 
HD44015  4.45 
HD12009  6.00 
HD44752  8.00 
MC145151 12.45 
MC145156  8.75 

MISC 
ICM7106CP 9.55 
ICM7107CP 9.55 060 
ICM7216BP 19.50 -4-tvg5 
ICM7555  0.94 

_CRYSTALS 
32.768kHz 
100k Ha 
455kHz 
1.000M 'la 
3.2768 
4.000 
4.1934 
4.096 
4.032 
4.433619 
4.800 
5.000 
6.5536 
7.000 
7.68 
8.000 
9.000 
10.000 
10.240 

2.15 
1.45 
1.45 
0.80 
1.95 
1.20 
1.55 
0.33 
0.80 

3.75 
3.35 
3.35 
14.00 
19.00 
19.00 
3.84 
11.30 
11.30 
7.85 
7.85 
9.75 
9,75 
3.94 
3.85 
6.00 

2.70 
3.85 
5.00 
2.95 
2.70 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

4000  0.18 
4001  0.18 
4002  0.24 
4007  0.30 
4008  0.80 
4008AE 0.80 
4009  0.58 
4010  0.58 
4011AE 0.24 
401113  0.24 
4012  0.65 
4013  0.55 
4015  0.95 
4016  0.52 
4017  0.80 
4019  0.60 
4020  0.98 
4021  0.82 
4022  0.96 
4023  0.25 
4024  0.76 
4025  0.25 
4026  1.80 
4028  0.79 
4029  1.04 
4030  0.59 
4035  1.20 
4040  0.98 
4042  0.85 
4043  0.85 
4043AE 0.93 
4044  0.94 
4046  1.30 
4047  0.99 
4049  0.52 
4050  0.55 
4051  0.78 
4052  0.79 
4053  0.78 

1.54 
1.18 

4068' 0.25 
4069 0.25 
4070 0.30 
4071 0.24 
4072 0.24 
40731 0.24 
4075 0.25 
4076 0.90 
4077 0.35 
4078 0.30 
4082 0.28 
4093 0.86 
4175 1.15 
4503 1.15 
4506 0.68 
4510 0.99 
4511  1.49 
4512 0.9 
4514 2.55 
4518  1.03 
4520 1.09 
4521  2.36 
4522 1.49 
4529 1.61 
4539  1.28 
4549 3.50 
4554  1.73 
4560 2.18 
4566  1.59 
4568 2.18 
4569 3.03 
4572 0.30 
4585  1.00 

o 
10.245  2.00 
10.6985  2.50 
10.700  2.00 
10.7015  2.50 
11.00  2.00 
11.115  2.00 
11.520  2.00 
8.9985  2.00 
9.0015  2.00 
21.000  2.00 
24.000  2.00 
25.000  2.00 
26,000  2.00 
18.000  2.50 
XTAL FILTERS 
10M4B1; 10.7Mhz, 15Khz BW 
8 pole.  14.50 
10M22D; 10.7Mhz, 2.4Khz BW, 
SSS. 8 pole.  17.20 

TTL 
7400 0.13 
7401  0.13 
7402 0.14 
77744:483 00..1144 

7774411065 

7 00. 

00..36  
740 18  

19 
7409 000...n2101 

7411 
77441152 0.27 
7413  0.32 
7414 0.51 

7416  0.30 
7417  0.30 
7420  0.19 
7421  0.38 
7423  0.27 
7425  0.27 
7427  0.32 
7428  0.35 
7430  0.17 
7432  0.32 
7437  0.40 
7438  0.33 
7440  0.20 
7441  0.74 
7442  0.70 
7443  1.15 
7444  1.12 
7445  1.05 
7446  1.32 
7447 
7448  0.56 
7449 
7451  0.20 
7453  0.20 

'LSN 
0.20 
0.20 
0.20 
0.20 
0.24 
0.26 

0.24 
0.24 
0.24 
0.32 

0.40 

0.24 
0.24 

0.35 
0.35 
0.26 
0.28 

0.35 
0.28 

0.99 

0.89 
0.99 
0.99 
0.25 

TTL  'LSN 
7454 0.20  0.30 
7455  0.30 
7460 0.20  - 
7463  1.24 
7470 0.40 
7472 0.30 
7473 0.35  0.45 
7474 0.35  0.35 
7475 0.56 
7476 0.41  0.45 
7478  0.50 
7480 0.52 
7481  1.20 
7482 0.75 
7485  1.04  0.99 
7486  0.40 
7489 
7490 
7491 
7492 
7493 
7494 
7495  1.15 
7496  1.20 

2.05 
0.42 
0.85 
0.50 
0.57 
0.85 
0.70 
0,58 
1.85 

74107 
741090.63 
74110 0.54 
74111 0.68 
74112 
74113 
74114 
74118 0.85 
74120 1.15 
74121 0.48 
74122 0.46 
74123 0.73 
74124 
74125 0.55 
74126 0.57 

0.45 

0.41 
0.75 
0.40 

1.80 
0,46 
0.46 

TTL 
74128 
74132 
74136 
74138 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74153 
74154 
74155 
74156 
74157 
74158 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74167 
74169 
74170 
74174 
74175 
74176 
74177 
74181 
74183 
74184 
74185 
74190 
74192 
74193 

LSN' 
0.74 
0.73  0.78 

0.40 
0.72 

0.75 
2.65 
3.12 
3.12 

0.97 
1.75 
1.09  1.19 
0.99 
0.55  0.90 
0.70  0.85 
1.30 
0.75  1.10 
0.80 
0.78  0.70 

0.71 
2.10 
0.99 
0.99 

0.99 
1.20 
1.20 
2.50 

2.30 
1.05 
0.87 
0.80 
0.84 
2.80 

1.35 
1.34 
0.92 
1.20 
1.42 

1.30 
0.98 
1.30 
0.95 
1.30 
1.45 

2.10 
2.88 
1.20 
1.10 

3.50 
2.98 

1.80 
1.80 

TEL  'N  "LS 
74194 1.05 
74196 1.34  1.20 
74197 1.10 
74198 1.60 
74199 1.60 
74247 
74257 
74260 
74279 
74283 
74293 
74365 
74366 
74367 
74368 
74374 
74377 
74379 
74393 

0.93 
1.08 
0.89 
0.88 
1.20 
1.32 
0.66 
0.65 
0.64 
0.92 
1.80 
1.99 
2.15 
1.40 

VOLTAGE iziCGS: 
78 series 
79 series 
78M series 
78L series 
79105 
78MGT2C 
79MGT2C 
723CN 
1.200 
TDA1412 
NE5553N 
LM317MP 
LM337MP 

.0.95 
1.00 
0.65 
0.35 
0.85 
1.75 
1.75 
0.65 
1.95 
0.75 
1.25 
1.48 
1.48 

_MICROMAriKET_ - TRANSISTOR SBC237  8p 

BC238  Op 
BC239  Op 
BC307  Bp 
BC308  Bp 
BC309  Bp 
BC413  10p 
BC414  11p 
BC415  10p 
BC416  11p 
BC545  12p 
BC556  12p 
BC550  128 
8C560  12p 
BC639  22p 
BC640  22p 
2SC1775  18p 
2SA872A  14p 
25D666A  30p 
2513646.4.  30p 
25D6684  40p 
2SB648A  40p 
2SD760  45p 
258720  45p 
25C2547  19p 
25A1085  20p 

80805/2  7.50 
8212  2.30 
8214  3.50 
8216  1.95 

CRYSTALS  RADIO CONTROL  ALL PRICES EXCLUDE VAT - CURRLNTLY AT 15% 
POSTAGE 50p ORDERS UNDER £12 - FREE OVER £12 RC XTALS 

AM TX/RX 
FM RX. 
3rd 0 /30pF 
HC25U  1.65 
FMTX: Fund 
20pF HC25U 
'A frog  1.85 
PAIRS...AM 3.10 
PAIRS...FM 3.25 
CHANNELLING: 
27MHz. 50kHz 
35MHz: 201,Hz 

AIMBIT internationai 

0.90 
1.25 
0.78 
0.99 

Terms and condition of sale: CWO please, MA available 
for sch000ls, colleges industrial users etc. Please ask for 

details. ACCESS/BARCLAYCARD may be used for mail 
or phone orders (Mas ercharge/Visa overseas). Please add 
enough for overseas irpost (inc catalgues pse) since the 
airmail rates have been dramatically increased in January. 

This listing gives a brief 'nsight into the wide range of active and 
passive components available from AMBIT. Our full catalogues & 
pricelist include the LARGEST STOCK RANGES OF COILS, 
CHOKES, CERAMIC/MECHANICAL/CRYSTAL FILTERS, all 
types of radio modules for AM/FM/SSB . plus the most sophist. 
icatad DIY FM tuner parts in the world. £1.85 (inc) will get vase 
full set of catalogues (ists. 2,3 & 4) or 75p per individual section. 

8224 
8251 
8255 
513001, 
6810 
6820 
6850 
6852 
MC2708 
2114 
4027 
2102 
2112 
2513 
HM4716 
81LS97 

3.50 
6.25 
5,40 
7.50 
5.95 
7.45 
4.90 
4,85 
6.00 
6.50 
5.78 
1.70 
3.40 
7.54 
4.00 
1.25 

LEDS _LEDS _ 

FLAT TOP LEDS. 
SHAPES   
SQUARE 3x3roun 
RECT. 2.5x5mm 
TRIA. 2.5x5mm 
TRIA. 3x3mm 
TRIA, 5x5umi 
ROUND 3mm 
ROUND 5mm 

PRICED BY 
COLOUR: 
Red  17p 
Green  20p 
Yellow  20p 
Orange  26p 

LEDS  LEDS 

STD DOMED TYPES 
5mm RED 12P 
3mm RED clr 15P 
3mm RED 15p 
2.5x5 RED 17p 
5min GRN 15p 
3inm GRN clr 16p 
3mm GRN 16p 
2.5x5 GRN 208 
5mm YL 15p 
3mm YL clr 16p 
3mm YL 18p 
2.5x5 YL 20p 
5mrn ORA 20P 
5rom ORA clr 29p 
3mm ORA 19p 
2.5x5 ORA 24p 
5nun Infra Rd 56p 
13PW41 IF Del 1.51 
IF Opto CpIr 1.44 
5rnm Clip  5P 

1R ANSISTO5 

P256 
2SK55 
25K168 
J310 
J176 
40823 
40673 
3SK45 
3SK 51 
35K60 
3SK 88 
MEM680 
8F961 
13E194 
BF195 
SF 224 
OF241 
BF274 
F440 
F441 
8 F362 
B F395 
8 F479 
8F679S 
BFR91 
F0692 
BFT95 
BFY90 
40238 
258753 
250723 
251(134 
25.149 
251035 
25.150 
2SK227 
25J83 
VN66AF 
2N3866 

38p 
28p 
35p 
69p 
-65p 
65p 

3SK 51 
49p 
54P 
58p 

1.24 
75p 
70p 
18p 
18p 
22p 
18p 
18p 
21p 
21p 
49p 
18p 
668 
55p 

1.33 
60p 
99p 
90p 
85p 
2.34 
2.34 
3.10 
3.10 
4.25 
4.25 
3,55 
3.55 
95p 
85p 

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CMI4 4SG 

200 North Seruice Rood, Brentwood, Essex 
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www.american adiohistorv.com 
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Cardon El 

GENRAD 
GR1657 Digibridge LCR, 
auto, LED display 

CINTEL 
277 Measures iron core inductances 
0,01H-1000H with a 0 value not 
less than 2) 

HEWLETT PACKARD 
4342A '0' Meter OLC complete 

MARCONI 
TF868A Universal Bridge 
TFI313A Universal LCR Bridge 0.1% 

WAYNE KERR 
6224 Wide range LCR Bridge 
B500 Log LCR Bridge 
13601 RF LCR Bridge 
I Detector and Oscillator not incl). 
B641. Measures L/C/RIG Accuracy 
of 0.1%, 

0801. Y parameter test set. Plus 
transistor adaptor unit 

Cable Test Equipment 
MARCONI 
TF2333 Transmission Test set  575 

HEWLETT PACKARD 
3556A For psophometric 
measurements from 29 Hz-20kHz. 
0.1mV-30V input level 

NEC 
TTS-37B. Noise, level and VU 
measurement . Sensitivity -80dBm 
up to + 20dBm 

STC 
74216A Noise Generator CCITT 
74261A Psophometer CCITT 

TEKTRONIX 
1502 Portable TDR Cable Tester 

WANDEL u. GOLTERMANN 
DLM-1. Send/receive system  1500 
LDS-2. 200Hz-600kHz sender for 
measuring group delay and 
attenuation variations 
LDEF-2. Filters for OLM unit 

Counter Timers 
HEWLETT PACKARD 
5300A/5303B DC-520 MHz 6 digits 
5300Apisplay Module_ 6 Digits. 
3 x 10' 
5302A DC-50 MHz. 100mV sens. 
Time interval. Period. Ratio. 
Totalise. 
5303B DC-520 MHz. (Plug-on) 
I25rnV sens. 500  12e 
5.308A 0-75 MHz. Universal Module. 
50mV sens. 1M2 
5267A Time Interval Plug-in lOns 
5345 DC-500 MHz Time Int. Ave. 
Burst Total Ratio 

10590A Adaptor converts 5245 
Plug-ins to 5345 

RACAL 
9024 10 Hz-600 MHz 7 + 1 digits 
9835 6 Digit DC-20 MHz I0mV 

9837 DC-80 MHz 6 digits 

SYSTRON DONNER 
6053 9 Digit 20 Hz-3 GHz BCD 0/P 

Prices 
from £ Bridges 

6054A/04 11 Digit 20 kHz-18 GHz 
850  BCD 0/P 

Function Generators 
INTER-STATE 
ELECTRONICS 
F51A Multi-Mode. t and - offset: 
0.0035 Hz to 10 MHz. 10/15V/502 

1250  F55A Multi-Mode 0.0025 Hz-10 
MHz. 10V/502. Ext. VGC. Burst 
0/P up to 100k bursts/sec 

PHILIPS 
PM5127. 0.1 Hz-1 MHz. Sine/ 
Square/Triangular/Pulse outputs. 
External sweep facility 30Vp. p max 
output 

Logic Analysers 
HEWLETT PACKARD 
1601L Logic state analyser 
12 channel display 

1600A 16 channel 20 MHz clock 
MAP A & B store 
1607 16 channel 20 MHz clock 
(Display scope required) 

TEKTRONIX 
7DOIF 16 channel up to 50 MHz 
clock MAP 

is  Mains Monitors 

COLE 
T1007 200-260V. 35-65 Hz 
Thresholds 10V, 50V, 100V, 200V 

275  DATALAB 
DL019 Power line interface for 

240  transient recording 
475  01_905 Digital Storage Unit DC-3 

MHz 10mV 

2,725  DRANETZ 
606-3 Disturbance Analyser Avg, 
Sag/ Surge 

GAY 
LDM Records + se/ -ve transients 
of 50es on AC or DC Lines 

Modulation Meters 
AIRMEC 
409 3-1500 MHz. AM/ FM 

MARCONI 
TF2300A 1-1000 MHz. AM/FM 

130 

250 

375 

475 
225 
125 

450 

230 

90 

75 

250 

100 
130 

850 

Prices 
from £ 

Oscilloscopes 
ADVANCE 

2800  051000A DC-20 MHz dual trace 
3300B Dual Trace DC-50 MHz 
5mV/div. Dual Timebase 

GOULD ADVANCE 
0510006 DC-20 MHz Dual Trace 
X-Y TV Sync 

HEWLETT PACKARD 
1703A Storage 1000Div/ms. 
DC-35 MHz. Dual trace Mains/Ext 
DC 
181A Storage 1000Div/ms 
DC-100 MHz Main frame only 
182C DC-100 MHz Mainframe, large 
screen 

MEDELEC 
M-scope 4 channel DC-100 kHz U/V 
Chart 

PHILIPS 
PM 3211 DC-15 MHz Dual Trace 2mV 
PM3233 Dual Beam DC-10 MHz 
2mV /dry. 

TEKTRONIX 
475 Dual Trace DC-200 MHz 2mV 
485 Dual Trace DC-350 MHz 502 
1 M12 250 MHz 
545B/1AI. DC-30 MHz. dual trace. 
Delayed timebase 
585A/82. DC-80 MHz. dual trace 
10 mV sensitivity 
547/1AI. DC-50 MHz. dual trace 

75 OTO 
547/ IA4. DC-50 MHz. four trace 
DTB 

350  7403N DC-60 MHz 3 Plug-in 
Mainframe 

1055  7704A DC-200 MHz. CRT Readout. 
Mainframe for 4 Plug-in 

TELEQUIPMENT 
2625  034 Dual Trace DC-15 MHz 2mV 

Mains/Batt 
075 Dual Trace DC-50 MHz Dual 
Timebase 
083 DC-50 MHz. Dual trace. Large 
61/2 " CRT. Dual Time Base 

Oscilloscope Plug-ins 
HEWLETT PACKARD 
1804A DC-50 MHz Four channel 

450  20 mV-10V/div. 

250 

350 

325 

250 

1850 

1500 

2650 

1250 

Prices 
from £ 

200 

600 

250 

1200 

650 

525 

1650 

425 

400 

1125 

2100 

325 

525 

525 

625 

450 

1200 

525 

600 

650 

575 

gis tr, ex álock dehberg 
OSCILLOSCOPES 

TEKTRONIX 465 DC-100 MHz Dual Trace 
5mV-5V, Div 0.05ms-0.5si Div Delayed 
T B XY DC 4 MHz  £1250 

TEKTRONIX 475A DC-250 MHz Dual Trace 
5rnV-5V Div 0.01iis-0.5s Div Delayed 
T B XY DC 3 MHz  £1950 

These instruments sold with 

ONE YEAR FULL GUARANTEE 

1825A Dual Timebase 50n5-1s/div. 
1805A Dual Trace DC-100 MHz 5mV. 
1Msrson 

TEKTRONIX 
Type R. Transistor R.T. tester. Pulse 
rate 120 pulses/sec. R.T. Less than 
5 mus 
Type G. Differential amplifier. 100:1 
CMR DC-20 MHz. 50 mV sensitivity 
Plug-ins for 500 series 
1AI dual trace Plug-in DC-50 MHz 
1A2 dual trace Plug-in DC-50 MHz 
1A4 four trace Plug-in DC-50 MHz 
1A5 Differential Plug-in 
Z Differential Plug-in 
81 Adaptor Plug-in 1A Series to 580 
Series 
7Al2 Dual Trace DC-105 MHz 
5mV/div. 
7A22 High gain din. amp. 
0.1 Hz-1 MHz 100/ 
7A26 Dual Trace DC-150 MHz 
5mV-5V/div. 
7653A Dual Timebase 5ns-5s/div. 

Oscilloscopes (storage) 
TEKTRONIX 
549/1A1. DC-30 MHz. 5r0/ 
sensitivity. Dual trace. Storage 
scope, Writing speed: 5cm/us with 
enhancement. Includes trolley 
564E1/3A6/21367, DC-10 MHz. Dual 
trace 10111/ sensitivity, split screen 
storage oscilloscope 
466 Storage 1350 cm/us Variable 
Persist DC-100 MHz 
7313 Split screen 4.9 cm/ps. DC-
25 MHz IM/F for 3 Plug-ins) 

Phase Meter 
DRANETZ 
301A 5 Hz-500 kHz. Z in 100kft. 
Accuracy -2:1° to ±2°. Analogue 
0/P 

Power Meters 
DYMAR 
2081/100 True RMS DC 500 MHz 
30mW WOW 

HEWLETT PACKARD 
478A Thermistor Mount for 432A 
435A 0.3u W to 100m W 5 MHz-
18GHz 
8481A Power Sensor for 435A 

MARCONI SANDERS 
6460 10 MHz-40 GHz (Depending on 
Head) 
6420 10 MHz-12.4 GHz 10mw 

MARCONI 
TF2512 DC-500 MHz 0.5-30w 502 

Prices 
from £ 

525 

550 

100 

50 

225 
180 
375 
175 
140 

75 

410 

450 

525 
550 

675 

750 

2225 

1650 

400 

425 

90 

475 
2110 

300 
110 

130 
TF 893A 10 Hz-20 kHz. 20,W -10W  120 

Power Supplies 

BRANDENBURG 
475R 10-2100V 5mA DC Stab. 

FARNELL 
L3013 0-30V 1A DC Stab. 

FLUKE 
415B 0±3100V 30mA 0.005% reg. 
Protected 

150 

55 

350 

ITT 
Power Lab. up to 30V Dual Supply  90 

MARCONI 
TF2154/1 0-30V 1A. 0-±15V 2A 
0±7.5V 4A 

SMITHS 
60 

4701 5-7V o/p Power Pack  32 

375 

50 

SORENSEN 
OCR 300-2.5 0-300V 2.5A DC Stab. 

Pulse Generators 
DB ELECTRONICS 
150. I.0 pulse generator 

EH RESEARCH 
122. 1 KHz-200 MHz 5V/502 
RT 12es 
139(L). 10Hz-50 MHz 10V/50f2 
RT 5ns 
1221. Timing Unit 6 Channel 
0-10 MHz 5V/502 AT 8ns• 

HEWLETT PACKARD 
214A 103V/502. Double pulse 0/P. 
W5Ons-10ms. 10 Hz-1 MHz 15es RT 

MARCONI 
TF2025 0.2 Hz-25 MHz ±10V/ 50V 
RT 7ns 

Recorders and Signal 
Conditioning Equipment 
AMPEX 
PR2200 Instrumentation Recorder 
up to 16 channels. FM/DR. Record 
replay all speeds. 1" tape FM/DR 
I.R.I.G. DC-40 kHz FM. 100 Hz-
300 kHz DR 

BRUNO WOELKE 
ME1026. Wow and flutter meter 
ME102C. Wow and flutter meter 

220 

175 

50 

350 

6500 

75 
90 

Bigger stock investment 
greater equipment range means 
wider choice 
BRYANS SOUTHERN 
BS314 4 channel 1mV-10V 
16 speeds 
BS316 6 channel 1mV-10V 
16 speeds 

HEWLETT PACKARD 
680M. 5 inch. Stripchart Single Pen 
5mV-120V UP 20cm/min 2.5 cm/Hr  225 

7046A Two pen A3 0.25mV-5V/cm  996 
KUDELSKI 
Nagra 4.2 LSP Professional Audio 
Recorder (Batt optd) 

PHILIPS 
PM 8251 Single pen 10in chart 
10mV-50V FS 

RACAL 
Store 4. Uses 0/4 inch magnetic 
tape. Will record 4 F.M. channels. 
Operates at 7 different speeds. 

S E LABORATORIES 
6150/6151 12 channel UV 
1250 mm/s-25 mm/min 6 in chart 
994 6 Channel Pre-Amp ± 1% ± 1V 
o/p 
6008 25 Channel  uV 8 in 4m/sec to, 
25mm/min 

SMITHS INDUSTRIES 
RE541.20 Single Pen. 0.5rnV-100V 
FSD. 3-60cm/min and hour 

YOKOGAWA 
3046. 10 inch Chart Single Pen. 0.5 
mV-100 VI/P2.60cm/min and/hr 

3047. 2 Pen Version of 3046 

Signal Sources and 
Generators 
BOONTON 
1026 4.3-520 MHz Ins/Ext FM/AM 
0.1 V-1V 502 

Prices 
framE  DYMAR 

1525 100 kHz-184 MHz Intl Ext 
1650  AM/FM Batt/Mains 

2350 

1400 

450 

895 

GENERAL RADIO 
1362 UHF, 220-920 MHz 

GOULD ADVANCE 
SG70 5 Hz-125 kHz 60012 4w 

HE WLETT PACKARD 
204D 5 Hz-1.2 MHz. 60012. 80dB att. 
0/P 5V RMS 

1215  6206 7-11 GHz 502 FM/PM 1mw 
8614A 800 MHz-2.4 GHz + 10dBm 
to -127 dBm 5012 AM/FM 
8616A 1.8-4.5 GHz Ext AM/FM/PM 

450  10 mw 

MARCONI 
TF144 H/45 HF Generator 
10 kHz-72 MHz AM 

1875  TF791, FM Deviation Meter 
4-1024 MHz 
TF801 /D1. 10-470 MHz AM. FM. 
TF995A/2. 1.5-220 MHz AM. FM. 

TF2171 Digital Synchroniser for 
TF2015 

TF2002/AS 10 kHz-72 MHz FM/AM 
0.1-1V o/p 
TF2012 UHF, FM 400-520 MHz, 
0.03pV. Counter o/p 

350 TF 2012 UHF, 400-520 MHz. FM 

RACAL 
9081 5-520 MHz LED Display à/P - 
130dBm AM/FM 350 

425 

1725 

SCHAFFNER 
NSG330 Ignition Interference 
Attachment 
NSG20313 Mains Interference 
Simulator (Mainframe) 

STC 
74216 Noise Generator 20 Hz-4 kHz 
Flat/CCITT Wtg 

ALL PRICES LISTED ARE EXCLUSIVE OF VAT (Standard Rate). 

Prices 
from £ 

525  HE WLETT PACKARD 
8443A Tracking Gene/counter 
100 kHz-110 MHz 

450  8445A Automatic pre-selector 
10 MHz-18 GHz 
8555A RF Plug-in 10 MHz-18 GHz 
1 kHz Res 
851B/8551B Display Et 
RF Section 

150  NELSON ROSS 
1100  011, DC-20 kHz. 80dB dynamic 

range. Dispersion: 100 Hz-6 kHz 
1950  022. DC-100 kHz. Dynamic range 

60dB fits into various 500 series 
CRO's 

TEKTRONIX 
3L5. Plug-in unit fità. into various 
5006 series CRO's. 50 Hz-1 MHz. 

95  Greater than 60dB dynamic range 

255  Sweep Generators 
350  HEWLETT PACKARD 

869013 Mainframe. Int/ Ext AM. Ext 
525  FM 

869313/ 100 3.7-8.3 GHz.5m W. PIN 
625  levelled 'N' connectors 

.869913/100 0.1-4 GHz.6m W (20m W 
to 2 GHz I. PIN levelled. 'N' 
connectors 

TEXSCAN 

925 

550 

650 

550 

9900 Sweep Generator 10-30 MHz 
1875  CRT Display 

VS60 Sweep Generator 5-100 MHz 
Rate 60 Hz  , 
TV Markers set of 5: 31.5, 32.5, 35, 
39.58 41.5 MHz 

LN40A Log Amplifier 

150 

250 

315 

0  g l er ri e n t 

86406 Precision AM-FM Signal.Generator 

1411' Spectrum Analyzer - Mainframe 

£44130 9081 5-520 MHz Generator 130 ern AM/FM 

TEKTRONIX HEWLETT PACKARD ££22130000 RACAL 13550 

85538 Spectrum Analyzer - RF Section  485 Dual Trace 350 MI-lz Oscilloscope 

8555A Spectrum Analyzer - RF Section 
8556A Spectrum Analyzer - LE Section  T912 Dual Trace Storage Oscilloscope 

DC-10 MHz 250 crn/rns writing speed 

Carston Prime Equipment 

£80 

8552B Spectrum Analyzer - IF Section , 11650 

85588 Spectrum Analyser (for 180Mainfrarne)  Fe£-212.g65:11us15  7313 Storage Oscilloscope Mtainframe 

1600A 16 Channel Display Logic Analyzer 

at competitive prices, with f 
you  St 

delivery50   

2 4 we  s Every "Prime" 

ast 4,9 crn)ps writin(g speed OC-25 kMHz). 

PM 3212 Dual Trace25 MHz2mV / Div 

Oscilloscope PM 3214 Dual Timebase Dual Trace DC-25 MbHrzin 

Oscilloscope 

Day Full Guarantee cove n 

7A22 Differential Plug-in. As i new DC-1 MHz 

10).iV-10V/ Div 112 month guarantee) 

7A26 Dual Trace Plug-in. 
DC-150 MI-Iz5rnV-5V1Div. 

/  d i  I I ill  I I I Ill e/ e/ e  fi e 0 / 

71353A DualTirnebase 5ns-5s(9Div: 1'rtRseaadonutd labour. 

instrumentPH P  Scarries the Carston 90 Df6'2/6  ile ate of he-Art" instruments 

/l; 

85 

Spectrum Analysers 
Prices 
from £ 

850 

1300 

3000  AVO 
8 Mk IV AC/DC V.AC/ DC Amp.11 

1,350 

Prices 
Temperature Measuring  from £ 
Equipment 
(NB Thermocouples not incl.) 
COMARK 
160113LS 87°C to 1000°C 
Type K Thermocouples 
1604BLS -60°C to + 170°C 
Type K Thermocouples 
1625BLS -100°C to + 300°C 
TypeT Thermocouples 
1642BLS -120°C to + 800°C 
TypeJ Thermocouples 

Voltmeters-Analogue 

BOONTON 
92AD/01/09 10 kHz-1.2 GHz 1999 
FSD 10pV Res 

350  92C 10 kHz-1.2 GHz 500pV-3V. 1% 
of FS 

350  HE WLETT PACKARD 
400E Millivoltmeter 
10 Hz-10 MHz B/ W lmV FSS 
427A AC/DC/2 multimeter 
3406A 10 kHz-1.2GHz 

475  3400A 10 Hz-10 MHz 1mV-300V 
True RMS 

KEITH LEY 
610C Electrometer DC 1mV-100V, 

600  Amps 10' Recorder o/p 

LEVELL 
600  TM3B 5uV-500VAC 1 Hz-3 MHz + 

50 to 100 dB 

1200 

525 

950 

195 

105 

£1975 

£2995 

£i99 

£900 

£670 

Carston Electronics 
Contact: Noel Jennings 
CARSTON ELECTRONICS LTD. 
SHIRLEY HOUSE, 27 CAMDEN ROAD 
LONDON NW1 9NR. Telex 23920 

W  019FOR111 11H1 e iLS 53111 

MARCONI 
TF2603 AC voltmeter to 1 5 GHz 

PHILIPS 
PM2454B ImV•300V 10 Hz 12 MHz 
2 in 19M1). DC 0, P 

RACAL 
9301 RMS Millivoltmeter 
10 kHz-1.5 GHz with carry case 

Voltmeters-Digital 
ADVANCE 
OMM 7A/01 1999 FSD 
AC/DC/St/Current 

FLUKE 
8000A 1999 FSD. 
AC/DC/OHMS/Current 

HEWLETT PACKARD 
34740A /34702A 9999 
FSD AC/ DC/OHMS 

SOLARTRON 
LM1420.2. 2300 FSD DC only 0.05% 
LM1420.2BA 2300 FSD AC 
True RMS/OC 
A200.19999 FSD DC only 
A203.19999 FSD AC/DC/2. 
Sensitivity: (11.tV DC, 10pV AC; 
100m2 resistance) 
A205.19999 FSD AC/DC/I2 
A243. 119999 FSD AC/DC/1-3 
Sensitivity: 11pV DC, 10, W AC, 
lOmft resistance) 

7050.99999 Auto AC/ DC/12 

Voltmeters Vector/Phase 
DRANETZ 
3056 9999 FSD Mainframe for PA 
3001 module 

HEWLETT PACKARD 
3490A 100000 FSD 1pV-1000V DC 
0.01 % 
10pV-1000V AC Et 2 

76 

82 

75 

99 
275 
345 

350 

350 

80 

300 

300 

475 

115 

115 

110 
160 

300 
300 

325 

150 

575 

625 

PLEASE NOTE: 
LISTED HERE IS ONLY A 
SELECTION OF OUR WIDE 
STOCK OF EQUIPMENT - 
FOR SPECIALIST NEEDS OR 
FOR DETAILS OF OUR FULL 
STANDARD RANGE OF 
EQUIPMENTS - 
RING US TODAY! 

Redundant 
Test Equipment 
Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll make you an offer, 

ican diohisto 
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Exclusive representative: 

Aspen Electronics Limited 
Communications Equipment and Components 

2 Kildare Close, Eastcote, Ruislip, Middlesex HA4 9UR 
Telephone: 01-868 1188 
Telex: 8812727 

Compact, versatile 
field service monitors 
for two-way radio 
maintenance 

CE-50A: FM /AM Field Service Monitor 
CE-50A-1: FM /AM Field Service-
Spectrum Monitor 

W W - 034 FOR FURTHER DETAILS 

DOUGLAS TRANSFORMERS FROM TITAN 
NEW FRANCHISE AT FANTASTIC PRICES - EX STOCK 

WE GUARANTEE THESE PRICES TO BE UNBEATABLE ANY WHERE !! 
12/24V RANGE PR I 220/2400 

SEC , }006601/0? 600000009 
0  12V OV  12V 

TYPE  AMPS  PRICE  P/P 
12v 24v  £ 

242  0.3 0.15  1.70  0.40 
213  10.50  2.32  0.70 
71  2 1  2.51  0.90 
18  4 2  3.24  1.43 
68  3 1.5  3.15  1.43 
85  5 2.5  5.52  143 
70  6 3  6.26  1.43 
108  8 4  7,36  1.73 
72 10 5  8.05  1.65  
116  12 6  8.57  1.90 
17  16 8  10.53  2.05 
115  20.10  13.69  2.05 
187  30.15  17.72  2.45 
232  40 20  25.16  3.50 
226  60 30  35.35  4.00 

15/30V RANGE  PRI 220/2400 
SEC: 60001000  own+ 

OV 12V 15V OV 5V 9V 15V 
VOLTS AVAILABLE 3 -, 15- 0-15 

TYPE  AMPS  PRICE  P/P 
15v 30v  £  E 

112  1 0.50  2.47  0.95 
79  2 1.0  3.16  0.95 
3  42  5.64  1.43 
20  6 3  6.59  1.73 
21  8 4  7.80  1.73 
51  10 5  9.68  1.90 
117  12 6  10.97  2.05 
88  16 8  14.65  2.20 
89  20 10  1593  2.35 
90  24 12  18.84  2.55 
91  30 15  21.56  2.65 
92  40 20  30.08  3.00 

• VOLTS OUT 5 I 26 -0 -25 

AMPS •  PRICE  P/P 
TYPE  25v 50v 

102  1.0.50  2.88  1.43 
103  2 1.0  3.60  ,1.43 
104  4 2  7,04  1.73 
105  6 3  8.33  1.90 
106  8 4  11.18  1.90 
107  12 6  14.79  2.20 
118  16 8  20.49  2.55 
119  20 10  24.52  2.55 
109  24 12  29.39  3.50 

25/50VRANGE P81120/220/2400 30/60V RANGE P81 120/220/240V 

SEC'  M E915V cntleel,  SEC'  ofn eigtv  entlev 
VOLTS 6  30 -0- 30 

TYPE AMPS  PRICE  P/P 
30v 60v  £  £ 

124  1 0.5  2.92  1.43 
-126  r 1  5.78  1.43 
127  4 2  7.13  1.73 
125  6 3  10.73  1.90 
123  8 4  12,28  2.20 
40  10.5  15.55  2.20 
120  12 6  17.72  2.35 
121  16 8  25.09  2.65 
122  20 10  29.07  4.00 
189  24 12  33.51  4.60 

48/96V RANGE PRI 120/220/240V 

SEC:teli e RV  8V 
VOLTS 12  48 -0 -  48 

TYPE  AMPS 
48v 96v 

430  1 0.5 
431  21 
432  42 
433  63 
434  84 
435  10 5 
436  12 6 
437  16 8 

PRICE  P/P 

4.14 
7.22 
11.87 
14.47 
18.43 
26.16 
32.75 
35.77 

1.43 
1.73 
2,05 
2.20 
2.45 
2.65 
4.00 
4.60 

ALJTOTRANSFORMERS 240/220 -115V 
rgi n p ffl en  65VA -10 KVA 
ov  115V 220V  240V 

TYPE  VA  PRICE  P/P 

25  65  3.82  1.10 
64  80  4.40.  1.10 
4  150  5.64  1.43 
69  250  7.13  1.73 
53  350  8.97  1.90 
67  500  1109  2.20 
83  750  12.42  2.20 
84  1000  16.88  2.65 
95  2KVA  31.26  4.00 
73  3  61.27  4.75 
57  5  87.42  6.60 
101  10  159.45  13.00 

TYPE 

56W 
64W 
4VV 
69W 
67W 
84W 
95W 
73W 

CASED AUTOTRANSFORMERS 
240V LEAD IN-115V 2PIN SOCKET OUT 

VA  PRICE 

20  552 
BO  7.63 
150  9,63 
250  11.98 
500  18.67 
1000  26.90 
2000  48.45 
3000  69.18 

P/P 

0.58 
1.43 
1.73 
1.90 
2.20 
2.65 
700 
8.00 

LINE ADJUSTMENT ADTOTRANSFORMERS 

100 g000Q00 0000Q00¢0001 
0 200 210 220 230 240 250 

TYPE  VA  PRICE 

415C  50  2.13 

416C  100  3.13 

417C  200  3.65 

418F  350  5.63 

419F  500  6.13 

420E  750  7.811 

421F  1000  10.55 

P/P 

0.58 

1.10 

1.43 

1.43 

1.73 

1.90 1 

2.05 

MAINS ISOLATORS 'SAFETY SCREEN' 

.1110,220/24. SEC ea (vHeMo ne02,iv .C22Pcnv 2. 
TYPE 

149F 
105F 
151F 

152F 
153F 

154F 
125F 
156F 

VA  PRICE  P/P 

60  7,35  1.73 
100  8.61  1.73 
200  12.15  2.05 

250  14.75  2.20 
350  18.22  2.55 
500  22.70  2.65 
750  32.08  7.00 
1000  41,26  7.00 

MAINS ISOLATORS ISAFETY SCREEN)   

eeusea/416/4eav sec oe°22/292,2% 722,PL 

TYPE  VA  PRICE  P/P 
£  £ 

243F  60  7.35  1.43 
244F  100  8.61  1.73 
245F  200  12.15  2.05 
246F  250  14.75  220 
247F  350  18.22  2.55 
248F  500  27.70  2.65 
249F  750  32.08  7,00 
250F  1000  41.26  0.00 

TYPE 

277P1 

279PI 

280P1 

VA  P/P 

61 
750  PRICE 

1500  50.60  700 

2250  68.2.6  7.00 

MAINS ADAPTORS 

13 ar.112 plus in type. reverible spider lack lead 

TYPE •  VA  mA PRICE  P/P 
100  6.7,5-9V  250  3.85  058 

REGULATED 
101  6.7.5-9v  300  4.70  0.58 

SEND TODAY 50p (REFUNDABLE WITH FIRST ORDER) FOR CATALOGUE 

TITAN TRANSFORMERS AND COMPONENTS 
CENTRAL HALL CHAMBERS GRIMSBY S.HUMBERSIDE 

MAIL ORDER ONLY - PRICES INCLUDE 15%11AT 

W W -018 FOR FURTHER DETAILS 

ONE UP  THE 
COMPETITION. 
Introducing the first 41/2  digit handheld DMM in a 
market that's been the exclusive domain of 31/2  digit 
models. Until now... 
The new Keithley 135. 
Combining outstanding specification with 
impeccable performance. And confirming Keithley's 
position as a major innovator in D.M.M. technology: 

• 0.05% DCV accuracy 

gp Five functions 
II> Low battery indicator 

• Full overload protection: 
1000V max DCV 

1000V peak ACV 

300V max Ohms 

• 10 amp range 
•  AC\I Jandwidth to 20 kHz 

The price-only £139 + VAT 
Need a bench unit? Then take a look at the new \ 
Keithley 176. Five functions, 41/2 digits, ± 0.05%, 
DCV accuracy, and full function annunciators. 
Built up to a standard - not down to a price.  grr 
Yet at only £179 t VAT, the 176 gives quality, 
41/2 digit performance at a cost some 31/2  digit 
manufacturers would dearly love to match. 
To find out more, fill in the coupon. And see what 
keeps Keithley one step ahead. 

014 
ZS  on 200...2000. 

2,,  20k  200., 20004 20.0 

[KEITH LEY 
Keithley Instruments Ltd 
1 Boulton Road Reading Berkshire RG2 ONL 
Telephone (0734) 861287 
Telex 847047 

WW 

2000 

2 0 ..1,11, CO!VI 

bewail» 

- 43 FOR FURTHER DETAILS _ 
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Hornito 
get your hands on 
a signal success. 

(r e 

320  pages worth of the latest & best 
in signal  processing  components.  
Write to Pascall for this new M80 catalogue which covers the 

complete Merrimac range of signal processing components and 
integrated networks from DC to 4GHz. It also provides reliability data in 
the form of MTBF calculations for each product area. 
Merrimac is one of the World's most technically advanced 

companies specialising in low frequency lumped element components 
and integrated networks; microwave stripline components, 
subsystems, high power ferrite isolators and circulators. 
So write to Pascall today for your copy of the M80 on your 

company's notepaper (or phone  —  
if you prefer) indicating  merrimac 
your area of interest - we  Now there is one . . 
guarantee you'll find it one of the best,  in signal processing 

Def Stan 05-31/ BS9000/CECC approved 

Pascal) Electronics Li mited 

Hawke House, Green Street, 
Sunbury-on-Thames, 
Middlesex TVV16 6RA 
Telephone: 1093271 87418 Telex 8814536 

tie esttne  

W W — 042 FOR FURTHER DETAILS 

PRODUCTION 
TESTING 

DEVELOPMENT 

SERVICING 

PO WER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRU /30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2: 0-70v, 10A AC 

OUTPUT 3: 0-250v, 4A AC 

ALL 
Continuously 
Variable 

Valle.fio 
VALRADIO LI MITED, BRO WELLS LANE, FELTHA M 

MIDDLESEX TW13 7EN 
Telephone: 01-890 4242/4837 

W W — 039 F ' FURTHER • ETAILS 

Stocks of standard items 
exceed a quarter of a million. 
Individual units to the tightest 
specification made to order. 

This technology is available now from 

Interface 
Quartz 

Devices 

Li mited 

29 Market Street 

Crewkerne 

Somerset TA t 8 7jt.: 

Crewkerne (0460) 74433 
Telex 46283 inface g 

W W — *016 FOR FURTHER DETAILS 

High Sensitivity: 100 
micro volt (FS). 
RMS, dBm and 
dBv scale. 
Low-pass 
filter. High 
input 
impedance: 
10MHz. 

Voltmeters 

1631A 
10Hz to 1MHz. 
Sine and 
square 
outputs. Low 
distortion. 

Is 

417B 5Hz to 500kHx. Sine and square 
outputs. Low distortion. 

459 0.0111. to 1MHz. Sine, triangular 
and square outputs. 
Output voltage > 20V p-p. 

(4591 0.0005Hz 
r to 1MHz) 

Wow-Flutter Meter 
6702 0.002% wow-flutter capability. 

High sensitivity. 100mV. JIS, NAB, 
CCIR, DIN standard. Sigma 

memory function 

458A 0.01 Hz to 100kHz. Sine, 
triangular and square output. 
V.C.G. mode (FM) 1000:1. 

Trigger and gate 
mode. 

Low cost. DC to 50kHz. 
Unbalanced "ir' and 'T'. 

Voltage Tester 

865AZ 0 to 5kV AC. Adjustable current 
limit. Manual, 

T JUI 

« • 

• ZI •  automatic modes. 

• 

PAB Series Economy series. 
Constant voltage continuously 
variable. Series/ 
parallel o eraton. 

PAD Constant voltage, constant 
operation with automatic cross over. No 
overshoot on turn- on, turn-off. Remote 
programming, remote sensing, auto 

parallel 
operation. 

Just some of the extensive range of 

KIKUSUI HIGH QUALITY ELECTRONIC TEST INSTRUMENTS 
Post the coupon for your full, informative catalogue now 

1111CUSIJ 
r Please send me the full, informative Kikusui catalogue and price list. 
I All prices exclude VAT and are correct at time of supplying copy to publication Barclaycard and Access tje l 

Use 4cress here 
I  ANdadmrees  s   credit cards accepted 

ICompany  ,  Telephone No.   

VISA 

2, Castle Hill Terrace, Maidenhead, Berkshire SL6 4JR 
TELONIC/BERKELEy U.K  Telephone: Maidenhead (0628) 73933 Telex: 849131 Telber G 

W W — 053 FOR FURTHER DETAILS 
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100,000900,000,000 Ohms 

tvIEGOEIMME TER AM 290 

You'll never meet a better meter 
WW — 060 FOR FURTHER DETAILS 

The AVO RM290 is a bench type 
megohmmeter with a resistance range that 
goes up to1014 s> :making it:ideal for those 
applications where there is a need to 
measure the electrical resistance of 
non- conducting materials.., accurately! 

You can use the RM290 for tests on 
insulating components in electronic 
assemblies or on capacitor dielectrics. 
Resistance measurements can be made at 
test voltages of '100,250,500 011000V 
Readout from the single resistance scale on 
the meter is direct, irrespective of the test 
voltage selected. 

You'll find the AVO RM290 a great asset. Get 
in touch with us today and we'll let you have 
the full facts. 

AVOLimited, Archcliffe Road, 
Dover, Kent, CT17 9EN 
Tel:0304202620 Telex: 96283 

_L Thorn Measurement & Components Division 

Rnel‘i 
LARGEST DISTRIBUTORS OF 

ACCEOSSIIIES 
er'e M81% 1 

ggest and best selection le.c.E.Mes et:T.1E2K= an=r,.: 

HARADA 
IVVT 

K4°. 

COMMUNICATION 
ANTENNAS  I , 

SIRTEL-

TELE X  

Sole UK. agents for:-

NV.RAMA 
UrCI 1111111ICORPORATION.SA 
Mura Electronics (UK) Ltd  ,79 Church Rd. Hendon, London NW4 Tel: 01 203 527718 4 

the antenna 
specieliete co. 

CBbyARISTA 

SWRMETEPS 
Including RAMA,NANSel etc. 

Rrncron 

INDUSTRIAL 
MUSCLE 

Model  M600 
* POVVER RESPONSE DC — 20KHz ± 1dB. 
* OUTPUT PO WER IN EXCESS OF 1.5k W INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S.). 
* D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVa. 
* HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1k W INTO 6 OHMS 
* PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OSCILLATORS *UNIPOLAR AND 
BIPOLAR DIGITAL INTERFACES, FUNCTION GENERATORS, AND MANY OTHERS. 

* OUTPUT MATCHING TRANSFORMERS AVAILABLE TO'MATCH VIRTUALLY ANY LOAD. 
* FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD. 
* TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. 
* INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 
* 3-YEAR PARTS AND LABOUR WARRANTY. 

For full details on all Amcron Products write or phone Chris Flack 

Kirkham Electronics 
MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL 

DIVISION OF K.R.S. LI MITED 
TELEPHONE (037 976) 639/594 

vvww.american a 

WW — 059 FOR FURTHER DETAILS 
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®E.IF 
Toroidal 
TRANSFORMERS 
IN A RANGE OF 

76 
TYPES 

We use advanced winding technology to make our toroidal transformers. They 
have only half the weight and height of their laminated equivalents and are 
appreciably more efficient. Our toroidals cost virtually the saine as the older types 
which they are rapidly replacing. Induced hum is reduced by a factor of ten. 
Supplied with rigid mounting kit with centre bolt, steel and neoprene washers. 

30va 

TYPE 
1X010 
IX011 
1X012 
1X013 
1X014 
1X015 
1X016 
1X017 

70mm dia. x 30mm  £ 
Weight 0.45 Kg  841. 1 1 

(+£1.20 p.p. + 0.89 VAT) 

SECONDARY 
RMS VOLTS 

6+6 
9+9 
12+12 
15+15 
18+18 
22+22 
25+25 
30+30 

SECONDARY 
RMS CURRENT 

2.50 
1.66 
1.25 
1.00 
0.83 
0.68 
0.60 
0.50 

80mm dia. x 35mm  er in 50YA Weight 0.9 Kg  &a • 10 
(+£1.30 p.p. +0.97 VA?) 

2X010 
2X011 
2X012 
2X013 
2X014 
2X0I5 
2X0I6 
2X017 
2X028 
2X029 
2X030 

801% 90mM dia. x 30mm  £5 n 
Weight 1 Kg 

(+£1.50 p.p. +£1.0e1 47) 

6+6 
9+9 
12+12 
15+15 
18+18 
22+22 
25+25 
30+30 
110 
220 
240 

4.16 
2.77 
2.08 
1.66 
1.38 
1.13 
1.00 
0.83 
0.45 
0.22 
0.20 

3X010 
3X011 
3X012 
'3X013 
3X014 
3X0 IS 
3X0 16 
3X017 
3X028 
3X029 
3X030 

6+6 
9+9 
12+12 
15+15 
18+18 
22+22 
25+25 
30+30 
110 
220 
240 

6.64 
4.44 
3.33 
2.66 
2.22 
1.81 
1.60 
1.33 
0.72 
0.36 
0.33 

120 90mm dia. x4Omm  £8 72 vit Weight 1.2 Kg 
(+B1.60 p.p. +£1.25 VA?) 

4X010 
4X011 
4X012 
4X013 
4X014 
4X015 
4X0I6 
4X0I7 
4X028 
4X029 
4X030 

6+6 
9+9 
12+12 
15+15 
18+18 
22+22 
25+25 
30 +30 
110 
220 
240 

10.00 
6.66 
5.00 
4.00  • 
3.33 
2.72 
2.40 
2.00 
1.09 
0.54 
0.50 

160 110mm dia. x4Omm VA   £8 88 
Weight 1.8 Kg 

(+£1.80 p.p. +£1.60 VAT) 

TYPE 
5X012 
5X013 
5X014 
5X015 
5X016 
5X017 
5X0I8 
5X028 
5X029 
5X030 

SECONDARY 
RMS VOLTS 
12+12 
15+15 
18+18 
22+22 
25+25 
30+30 
35+35 
110 
220 
240 

SECONDARY 
RMS CURRENT 

6.66 
5.33 
4.44 
3.63 
3.20 
2.66 
2.28 
1.45 
0.72 
0.66 

225vA /wlegmhtd211.22, Kxg45mm £10.59 
I , 
i 6X014  18+18  6.25 
16X015  22+22  5.11 
6X016  25+25  4.50 
6X017  30 -I, 30  3.75 
6X018  35+35  3.21 
6X026  40+40  2.81 
6X028  110  2.04 
IM029  220  1.02 
6X030  240  0.93 

(+£1.90 p.p. +£1.87 VA 7) 

300vA iwIoenirhed2iia6.KxgÉornin £12.27  
(+£2.00 p.p. +£2.14 VA7) , 

7X016 
7X017 
7X0 18 
7X026 
7X025 
7X028 
7X029 
7X030 

25+25 
30+30 
35+35 
40+40 
45+45 
110 
220 
240 

6.00 
5.00 
4.28 
3.75 
3.33 
2.72 
1.36 
1.25 

500 140mm dia.x6Omm rig lc 
VA Weight 4 Kg  " 10 '11 v 

(£2.10 p.p. +£2.77 VAT) 

8X017  30+30  8.33 
8X0I8  35+35  7.14 
8X026  40+40  6.25 
8X025  45+45  5.55 
8X033  50+50  • 5.00 
8X028  110  4.54 
8X029  220  2.27 
8X030  240  2.08 

• I.L.P. TOROIDAL TRANSFORMERS 
ARE GUARANTEED FOR 5 YEARS 

CHOICE OF 3 PRIMARY INPUTS 
I.L.P. Toroidal Transformers are available in choice of 110V. 220V, 240V. coded as 
follows: (Secondaries can be connected in series or parallel) 
For 110V Primary insert 0 in place of "X" in type number. 
For 220V Primary (Europe) insert 1 in place of "X" in type number. 
For 240V Primary (U.K.) insert 2 in place of "X" in type number. 

Example - IZOVA 2.10V 15+ I5V. 4A.42013. 

* CUSTOMER DESIGN ENQUIRIES INVITED. 
QUANTITY PRICE LIST AVAILABLE. 

FREEPOST facility.(U.K. only). 
Simply address envelope to FREEPOST to address below. NO STAMP REQUIRED. 

TO ORDER Enclose cheque/Postal Order/Money Order payable to ¡LP. 
Electronics Ltd or quote your ACCESS or BARCLAYCARD 
account No. To pay C.O.D. add £1 extra to TOTAL value of order. CAlso available from ELECTRO VALUE and MARSHALLS. 

1111.)  IF TRANSFORMERS 
A division of I.L.P. ELECTRONICS LTD. 

FREEPOST ts, GRAHAM BELL HOUSE, ROPER CLOSE 
CANTERBURY CT2 7EP 
Phone (0227) 54778 Technical (0227) 64723 Telex 965 780 
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When 
SAFE ELECTRICAL INSTALLATIONS 

are your concern 
Measures earth resistance frorn equipment to 
distribution board earth up to 100m apart 

,   

Measures contact resistance of circuit breakers, 
switches, bus bar joints, crimps, fuses etc. 

you need the new 
series 

knell 

Also a boon to manufacturers of transformers, 
chokes and coils, we and cables etc. 

Test current up to 5A ensures contact 'wetting' 

Resolution 1 miliiohm 

Smaller and lighter than alternative instruments 

Costs a lot less too ... only £210 UK ex VAT 

Good range of optional accessories 

low resistance Wholesaler enquiries welcomed test set Detailed brochure and price list from: 

FARNELL INDUSTRIAL CONTROL WETHERBY • WEST YORKSHIRE 1.522 408 TEL (0937] 61961 • TELEX 557294 FARIST G 
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How to become a 

SUCCESSFUL CONSULTANT 
in your own field. 

Have you ever wished you could 
quit your lob and start working for 
yourself? 
Well, maybe you cant Many people 

are amazed when they discover the 
tremendous amount of professional 
experience and specialized knowledge 
they've accumulated; experience and 
knowledge that others will gladly pay 
for. Literally thousands of people who 
made that discovery are now pros-
pering as independent consultants, 
full and part time. 
The way to begin is by reading How 

to Become a Successful Consultant in 
Your Own Field, by Hubert Bermont. 
Clear, straightforward, packed 
with solid information and advice, 
this authoritative manual tells you 
even/thing you need to know to 
establish  your  own  independent 
consulting practice. Here's a sampling 
of the contents: 
• What does it take to be a successful 
consultant? (See Chapter 1) 

• How to get started. (See Chapter 3.) 
• How to operate your business - a 
collection of "tricks of the trade" 
(See Chapter 5.) 

• What to charge your clients - plus 
five helpful rules on fees. (See 
Chapter 6.) 

• Why you should never work on a 
contingency (speculative) basis. 
(See Chapter 7.) 

• Ingenious ways to promote yourself, 
and make people want your services. 
(See Chaoter 9 

• Contracts: why you should avoid 
them at all cost. (See Chapter 10.)  Complete and post the coupon now. 
CHARTSEARCH LTO., REG. NO. 953026. 11 Blorrdied Street„London EC2M 7AY. 

• Just what do consultants do all day? 
(See Chapter 11.) 

ER How to market your ideas. (See 
Chapter 11.) 

• Why you'll never have to worryabbut 
competition. (See Chapter 13.) 

• And much morel 

Perhaps no one is better qualilied to 
have written this book than Hubert 
Bermont. He has served as consultant 
to more than 70 major companies and 
trade associations, including the US. 
Chamber of Commerce, MCGraw-Hill, 
the Electronic Industries Association 
and the Smithsonian Institution. Yet he 
made the decision to become a 
consultant only after being fired from 
an executive position at the age of 43. 
You'll learn first-hand how he did It - 
and how you can do it too! 

How to Become a Successful 
Consultant in Your Own Field is just 
£12.50 (tax deductible if used for 
business purposes), and you're fully 
protected by this  unconditional 
money-back guarantee: Keep the 
book for three weeks. If you're dis-
satisfied with it for any reason whatever, 
simply return it and every penny of 
your £12.50 will  be  promptly 
refunded. 
How many times have you told 

yourself that  you're not getting 
anywhere; that it's time to think 
seriously about a major change in your 
career? Don't put if off another day! 

To: CHARTSEARCH LTD, 11-12 Blomfield Street, London EC2M 7AY. Please 
send me, postpaid, my copy of "How to Become a Successful Consultant in Your 
Own Field", for which I enclose my payment of £12.50. 

Name   

Address 

METER PROBLEMS? 

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

Full Information fro m: 

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

Telex: 892301 HARTRO G 
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SEQUENTIAL TONE GENERATOR 
A PARAGON WITH MANY 
VIRTUES 
This single instrument provides all the signals 
necessary for testing Pocket Pagers, Selective 
calling systems, C.T.C.S., Tone Burst Systems 
as well as R.C.C. systems using PTMF, MIS, 
IMTS, Interrupt and F.S.K. 
The memory also has additional capacity for 
tomorrows communications needs. 

For further information contact Mike Taylor 
• 

FieldTech Ltd. 
Heathrow Airport 
London 
Hounslow TW6 3AF 
Tel: 01-759 2811 
Telex: 23734 
FLDTEC G • 

FieldTech 
PARAGON ELECTRONICS 

%se edily 
%tre e Woe o 
100 0 0  

1-11/111 tE 

other models available. 
HM307 10MHz plus component tester.  £138.00 
HM412 20 MHz with sweep delay.  £350.00 

HM812 50 MHz storage.  £1458.00 
All scopes can be fitted with a long persistence CRT at extra cost. 

World-beating Oscilloscope Offers 

HM312 Dual 
Trace 
Oscilloscope. 

DC-20MHz. 
Sensitivity 5mV-
20V /cm. Time 
base range 
0.5uS-0.2S /cm 
with x5 horiz mag 
to 100nS /cm, 
with variable 
control 
uncalibrated to 
40nS / cm. CRT 
screen 8 x 10cm. 
Full XV using chit 
as X input. 
Bandwidth 
2.3MHz. TV 
trigger. 

NOW BETTER 
VALUE THAN 
EVER AT 

£220 
HM512 Dual 
Trace 
Oscilloscerre • 
with delayed ' 
sweep. 
DC-50MHz. 
Sensitivity 5mV 
20V/cm Time 
base range 
0*.1uS-2.0S /cm 
with x5 horiz mag 
to 20nS / cm. 
Delay ranges 7 
decade steps 
10Ons-1S with 
fine control CRT • 
screen 8 x 10cm. 
Full XV using ch II. 
as x input, 
bandwidth 4 
MHz. Z input. 
Delay line allows 
viewing of 
leading edge. 
Vertical overscan 
indicated by 2 
LED's. 

£80 

FRO M 

Electronic Brokers 
I =II 

61/65 Kings Cross Road, 
London WC1X 9LN. 
Tel: 01-2783461. Telex 298694 

Overseas orders, add £3 per order for airmail shipment. 
Please allow 14 days for delivery.  WW/A 

- wmiv.america iohistorv 

W W - 015 FOR FURTHER DETAILS 

Prices do not include carriage or VAT. 

W W - 036FÓR FURTHER DETAILS 
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A PROFESSIONAL 
TOOL CASE FOR 
UNDER £40 
Designed for the professional Electronics, T.V or 
Instrument Technician who needs to carry a large 
number of specialist tools. 

The T L99 sets a standard as a low cost alternative 
to more expensive cases. 
It offers strength with a practical use of space 
and many other features. 

".......01.,,, 
,yeec-

p/  
%see e41Zei   ̀

o  .  stA7  .'"•., et. . •••  -4., 
e,,/ •••.  -,_,  . eky e6i, ,' • ?k,9:9 °Q,,,,,,.  .. 

4 %  • •  '''ef  —1Dt "i0e,  '0o/ "*.(6s, ,c10., eat, • - ..  ore  ,;., ai ?..  c-04., ../.9 , 

......... ....  ...4 ?.. .. ye.,  at ,, 9 4., _,i1  Y/ 4'  s' 

Features 

• 2 sided Reversible Multi-purpose 
tool pallet 

• Document area 

• 90° opening lock back stays 

• 3*" deep ABS lid and base 

• Twin handles with 8 fixing points 
on aluminium frames 

• Burst proof toggle locks with keys 

• Moulded adjustable tray in base 

• Heat sink for hot solderrng iron 

Di mensions  TL 99 17" x 12" x 6" split (shown) 

also available TL100 19" x 14" x 6" split 

Tools NOT included. British made. 
Money back guarantee. Allow 7-21 days for delivery. 

FASTER THAN A SCOPE-
SAFER THAN A VOLTMETER 

ONLY £31 
plus 15% VAT, plus post and packing 

Total £37.37 including box and 
instruction manual. 

GLOBAL SPECIALTIES CORPORATION 

M M = 
Europe, Africa, Mid-East: GSC UK LTD., Dept. 75 

Unit 1, Shire Hill Industrial Estate 
Saffron Walden, Essex, CB11 3A0 

Telephone: SAFFRON WALDEN 21682 
Telex: 817477 

Instant- simultaneous 
monitoring of the logic state 
of all IC nodes 
Just clip it over your IC. 
LM-1 Instantly and accurately shows both static 

and dynamic logic states on a bright 16 LED 
display. 

LM-1 finds its own power. 
LM-1 cuts out guesswork, saves time, and eliminates 

the risk of short circuits. 
LM-1 is suitable for all dual-in-line logic ICs. 
LED on = logic state 1 (high), LED off = logic state 
0 (low), and each LED is clearly numbered 1 to 16 
in the conventional IC pattern. 

r Rum inn sum M M = min um m u 
GLOBAL SPECIALTIES CORPORATION, DEPT. 75 

Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex. 
Name   

I Address 
QUANTITY 
REQUIRED 

LM1. £37.37 
inc. p & p and VAT 

FREE catalogue 
Tick box 
I enclose cheque/PO for 

Phone your order with Access, Barclaycard or American Express Lard No   Expiry date   

Mill VIM  IB M M il M R  M IN  MIMI BIMINI 

SOUND INVESTMENT 

Replacement tape heads from Monolith could mean a big 
improvement in sound quality from your tape recorder. A full 
catalogue is available, price 50p, which features a wide 
range of heads for cassette and reel to reel machines, as 
well as replacement motors, tape transports, etc. 
Universal cassette heads to EIAJ standard, hole centres 

17mm apart, 12mm from head face: 

B12-02  Mono record/playback 
B24-01  Stereo playback 
824-02  Stereo r/p 
B24-07  Stereo r/p for Dolby systems 
C42RPH20  Stereo r/p sendust head' suitable for chrome Si 

metal tapes 
C42RPHO4  Stereo r/p glass ferrite, the ultimate long life, 

high performance head 
C42RPS18  Stereo twin gap r/p long life head for record 

monitoring 
C21ES18  Mono/Stereo erase head 
C44RPHO3  Four channel/track r/p 
C22ES04  Twin half track erase 

£ 4.62 
£ 4.62 
£ 7.66 
£ 9.05 

£10.67 

£13.34 

£28.99 
£ 2.13 
£15.15 
£ 5.43 

Ex stock deliveries, all prices include VAT. Post and packing 40p. 

M O NOLITH 
electronic products 
The Monolith Electronics Co. Ltd., 5/7 Church Street, 
Crewkerne, Somerset TA18 7HR: Tel: 0460 74321. Telex; 
46306 MON LTH G. 

COMMUNICATION TUBES — EX STOCK 

4-65A 

4-125A 

4-250A 
4-400A 
4-1000A 

4CX250B 
4CX350 A 
4CX1500A 

4CX1500B 

5763 

6080 
6146/A/B 

6155 
6156 
7527 

8042 

00V03-10 
00V03-20A 

QQV06-40A 

QQV07-50 

OV08-100 
QY4-125 

QY4-250 
QY4 -400 
QY5-3000A 

& MORE 

R/F POWER TRANSISTORS — EX STOCK 

2N3375  2N5102 

2N3553  2N5590 
2N3632  2N5591 

2N3733  2N5641 
2N4040  2N5642 

2N4127  2N5643 

2N4128  2N6080 

2N5070  2N6081 

2N5071  2N6082 
2N5090  2N6083 

A 
LEADING EXPORTER 

BLY33  BLY88 
BLY34  BLY89 

BLY36  BLY91 
BLY53A  BLY92 

BLY55  BLY93 
BLY83  BLX13 
BLY84  BLX14 

BLY85  BLX67 
BLY87  BLX68 

& MORE 

SEND FOR DETAILS TO: 
AERO ELECTRONICS (AEL) LTD 
GATWICK HOUSE 
HORLEY, SURREY, ENGLAND 
TEL: (02934) 5353 
TELEX 871 16 (AERO G) 
CABLES AERO G TELEX HORLEY 

sit ots 
toes 8050A 4 1/2 Digit LCD 

DMM with true RMS on 
AC volts and current 
DC volts 200mV-1KV, 
10µV resolution AC 
volts. 200mV-750V, 
10j4V resolution. 
DC/AC current 
2001.4A-2A, 0.01µA 
resolution resistance 
2000-20MS2, 0.010 
resolution. Also reads 
dB direct referenced to 
16 stored impedances. 
Conductance ranges 
2mS and 200nS. 
£245 mains model 
£285 mains battery 

8012A 31/2  Digit LCD DMM with true RMS on AC volts and current. 
DC volts 200mV-1KV, 10014V resolution. AC volts 200 mV-750V, 
100jÁV resolution. DC/AC current 200)4A-2A, 0.1).4A resolution. 
Resistance 20052-20M52, 0.152 resolution Low resistance 20 and 200, 
1m52 resolution Conductance ranges 2mS-244S-200nS 

£199.00 mains model 
£219.00 mains battery. 

8010A 31/2 Digit LCD 
DMM Same spec as 
8012A plus a 10Amp 
AC/DC current range, 
but no low resistance 
range. 
£159.00 mains model 
£179.00 mains battery. 

8024A 31/2 Digit hand 
held LCD DMM with peak 
hold Level Detector 
and continuity tester. 
DC volts 200mV- 1 KV, 
100µV resolution. 

AC volts 200mV-750V, 1001.4V resolution.DC/AC current 2mA-2A; 
1/.4A resolution. Resistance 2000-20MS-2, 0.10 resolution. 
Conductance 200nS.Peakhold of AC or DC volts and current. 
Level detector operates around +0.8V reference. Audio tone on 
level and continuity, £149.00, carrying case £7.00 extra. 

8020A 31/2 Digit hand held LCD DMM. spec as per 
8024A with extra conductance range of 2mS but 
no peak hold, level or continuity ranges. 
Complete with carrying case. £125.00. 

8022A 3 1/2 Digit hand held LCD DMM. Spec 
Is per 8020A but no conductance ranges 
and slight reduction in accuracy. £75.00 
carrying case £7.00 extra. 

Also available a range of 
accessories including 
current shunts, EHT 
probe, rf probe, 
Temperature probe and 
'touch and hold probe. 
Full details on request. 
The warranty period on 
all items shown is 1 year 
other than the 8020A 
which is 2 years. 

'Electronic Brokers 
I =al 

61-65 King's Cross Road 
London, WC1X 9LN 

mar  Tel: 01-278 3461 - Telex 298694 
Prices do not include carriage or VAT. 
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IMMEDIATE DELIVERY 
ON ALL SERVICE EQUIPMENT 

UNBEATABLE PM 5519-
FROM PHILIPS,OF COURS 
PM 5519 I CTV pattern 
generator 
* Over 20 colour and b/w test 
patterns carefully selected for 
maximum versatility 
* RF signals available in bands, I, 
Ill, IV and V 
* Variable video output 
(with I volt fixed position) 
* External video and sound 
modulation facility 
* Composite sync output for 
triggering -- includes the line frame 
and blanking pulses to the local TV 
standard 
* Versions available for non-
British TV systems 
Reader inquiry number 220 

Test & Measuring 
Instruments 

L SUCCESS 
PM 5326 RF signal generator 
* 100 kHz — 125 MHz in nine 
overlapping ranges with 5 digit display 
* Built-in 5 digit counter displays 
external frequencies. 
Two versions available 100 MHz 
(1 kHz resolution) — PM 5326X or 

PleUPS 

1 MHz (10 Hz resolution) — PM 5326 
* 50 mV RF output at 752 can be 
attenuated-to over 100 dB 
* Electronically stabilized outpùt level 
* Wobbulator facility for IF amplifiers, 

• AM/FM radio and TV receivers 
Reader inquiry number 221 

WIRELESS WORLD APRIL 1981 

LOW COST, 
HIGH VALUE 
OSCILLOSCOPE 
PM 3207 dual trace oscilloscope 
* Ideal for service and general-purpose 
applications 
* 15 MHz/5 mV 
* Triggering from either channel or 
external input 
* Auto TV triggering 
* Same sensitivity on X and Y channels 
* B-invert facility 

r-60-..200°C  

* Full 8 x 10 cm 
screen 
Reader inquiry 
number 222 

SE FROM 
THREE METERS 
PM 2517 digital multimeter  • 
* Full four digits 
* Choice of LED or LCD display 
* True RMS AC readings (AC coupled) 
* Autoranging with manual override 
* Current up to 10 A 
* Options include temperature and data 
hold probes 
Reader inquiry number 223 

www.amerjcanfadiohistorv.com 

PM 2505 electronic analogue 
multimeter 
* 62 measuring ranges 
* High V and A sensitivity 
* 10 M2 input impedance 
* Continuity check by sound signal 
* Linear resistance ranges to 30 M2 
* Automatic polarity indication 
* Unique movement for high accuracy 
and repeatability 
Reader inquiry number 223 

PM 2502 passive analogue 
multimeter 
* Accuracy at a low price 
* Comprehensive measuring ranges 
* Highly shock-resistant meter system 
* Common linear scale for AC and DC 
* Continuity check by sound signal 
* 250 V overload protection on all 
ranges 
Reader inquiry number 223 

AND THREE 
COUNTERS 
PM 6661 80 MHz automatic 
frequency counter 
* One control — ON/OFF 
* Automatic triggering, noise 
suppression and leading zero blanking 
* High 20 mV RMS sensitivity 

* 8-digit LED display 
Reader inquiry 

number 224 

PM 6667 and PM 6668 high 
resolution counters 
* I GHz (PM 6668) or 120 MHz 
(PM 6667) 
* Reciprocal technique giving fast high 
resolution measurements down to I 0 Hz 
* Auto triggering on all waveforms and 
duty cycles 
* 15 mV RMS sensitivity 
* High stability X-tal oscillators: 
10 -Z/month 
* Microprocessor control 
Reader inquiry number 225 

SOME OTHER STARS 33  

FROM THE RANGE 
PM 5501 colour bar pattern . 
generator 
* Ideal for mobile maintenance 
* 5 test patterns for colour and b/w 
* RF signal switchable between VHF, 
Band Ill, and UHF Band IV 
* 1 kHz tone for sound checks 
Reader inquiry number 226 

PM 5107 low distortion LP 
generator 
* Frequency range I 0 Hz — 100 kHz 
* Distortion 0.02% 
* Sine and square wave signals 
* Separate TTL output 
Reader inquiry number 227 

PM 6307 wow and flutter meter 
* X-tal controlled oscillator 
* High accuracy and frequency stability 
* 3150 Hz or 3000 Hz switchable 
* Separate 'drift' and 'flutter' indication 
Reader inquiry number 228 

PM 6456 stereo generator 
* Complete stereo signal with low 
crosstalk 
* Separate L and R signals 
* External modulation facility 
* X-tal controlled pilot. 
* Adjustable multiplex signal and tunable 
100 MHz RF signal 
Reader inquiry number 229 
WHERE TO BUY YOUR PHILIPS AUDIO 
AND VIDEO SERVICE EQUIPMENT 
The entire range is available from the Philips 

,-!e< tr onic Instruments Department (see 
address below) or from Philips Service Centres 
('phone 0 I -686 0505 for the address of your 
nearest branch). In addition, the PM 2517 and 
PM 3207 can be obtained from Wessex 

Electronics Ltd, 114- I 16 
North Street, Downend, 
Bristol BSI6 55E. 
Tel (0272) 571404. 

UT 
FROMPFkUPS  TEST MEASURING INSTRUMENTS 

Use the inquiry service to obtain information about the 
products which interest you. Alternatively, 'phone 
Cambridge (0223) 358866 and speak to our 
Commercial Office on extension 145 or 148. Inquiry No 

PM 5519 CTV pattern generator 220 
PM 5326 RF signal generator  -221 
PM 3207 oscilloscope- 222 
PM 2517, 2505, 2502 multimeters 223 
PM 6661 80 MHz frequency 
counter  •  224 
PM 6667/6668 high resolution 
counters  225 
PM 5501 colour bar pattern 
generator  226 
PM 5107 LF generator  227 
PM 6307 wow and flutter meter  228 
PM 6456 stereo generator  229 

Pye Unicam Ltd 
Philips Electronic Instruments Dept 
• York Street, Cambridge CB I 2PX, England 
Tel. Cambridge (0223) 358866. Telex 817331 

PHILIPS 
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BULK EPROM 4,,,04,:4;4'.414* 
PROGRAMMIN 
P4000 PRODUCTION 
EPROM PROGRAMMER 

This unit provides simple, reliable programming of up to 8 
EPROMS simultaneously. It has been designed for ease of operator 
use -a single 'program' key starts the self check - blank check - 
progràm - verify sequence. 
Independent blank check & verify controls are provided along with 
mode, pass/fail indicators for each copy socket and a sounder to 
signal a correct key command & the end of a programming run. 
Any of the 2704/2708/2716 (3 rail) & 2508/2758/2516/ 
2716/2532/2732 (single rail) EPROMS may be selected without 
hardware or personality card changes. 
PRICE £545 + VAT. Postage paid 

r BULK EPROM 
ERASING 

MODEL UV141 EPROM ERASER 
• 14 EPROM capacity 
• Fast erase time 
• Built-in 5-50 minute timer 
• Convenient slide-tray loading of devices 
• Safety interlocked to prevent eye and skin damage 
• Rugged construction 
• MINS & ERASE indicators 
• Price £78 + VAT postage paid. 

MODEL UV140 EPROM ERASER 
Similar to Model UV141 but without timer. Price £61.50 + VAT 
post paid 

BULK EPROMS 
2716 (45Ons) 
(single rail) 

2708 (45Ons) 

1-9  10-24  25-49  50-99 
£6.00  £5.50  £5.00  £4.50 

£3.90  £3.50  £3.10  £2.90 

rOc 
100up  sg; 
£4.20 

Postage and Packing is included in all prices. ADD VAT at 15%. 
All our EPROMS are manufactured by leading companies and are 
fully guaranteed, branded and to full specification. 

WRITE OR TELEPHONE FOR FURTHER DETAILS OR SEND 
OFFICIAL COMPANY ORDERS/CHEQUES TO: 

PLEASE NOTE NE W ADDRESS & TELEPHONE NU MBER 

GP INDUSTRIAL 
ELECTRONICS LTD. 

Unit 6, Burke Road, Totnes Industrial Estate, Totnes, Devon 
Telephone: Totnes (0803) 863360 sales, 863380 technical 

Telex: 42596 
DISTRIBUTORS REQUIRED - EXPORT ENQUIRIES WELCOME 

A/Tdreallis 
The new Marshall's 80/81 catalogue is now 
available. A veritable treasure house of 
components, test gear, tools, etc. 
Specially interesting to the radio amateur are 
the following Leader instruments available 
from stock: 

Antenna Coupler LAC895 
3.5 to 28 MHz 

Antenna Coupler LAC896 
50MHz 

Antenna Coupler LAC897 
144--148 MHz 

TRDIP Meter LDIM 815 
1.5 MHz to 250 MHz 

Antenna Impedance Meter 
LDM 870A 1.8 MHz to 
150 MHz 

RF Power 
Meter LPM 880 0.5 to 120W 

Price: £73.00 

SH R/VVatt- meter LPM 885 1.0W to 
100W  Price: £47.00 

Price: £88.00 

Price: £44.00 

Price: £44.00 

Price: £45.00 

Price: £44.00 

Send SAE for details or phone Richard Kaiser 
02407 3568 for specialist advice. 

Send for ou r latest 
éataloque. F rev to industrial 
Cii sto mers, 75p post paid to 

private individuals. 

A. Marshall (London) Ltd., 
Kingsgate House, 
Kingsgate Place, 
London NW6 4TA. 
Industrial Sales: 01-328 1009 
Mail Order: 01-624 8582 24hr service 
%tail branches: London; Glasgow; Bristol. 

MORE SPEC. FOR YOUR MONEY 

TYPE 747 UNIVERSAL COUNTER TIMER 

DC to 150MHz  8 DIGITS,3 CHANNELS 

MEASURES 

FREQUENCY Ch A and Ch C 

PERIOD  Ch A 

TIME  TChAto±ChB 

PULSE WIDTH Ch A + or - 

COUNT  Ch A (may be gated 
and reset by B & C) 

AVERAGES 1 to 1000 events 

f175 

& 3.50 carriage, ins etc. 

TYPE 745 ,COUNTER TIMER 

£116.38 
& £3 carriage, ins. elc. 

DC to 32MHz  5 DIGITS 

MEASURES - 

FREQUENCY 

PERIOD 

TIME 

COUNT 

6 GATE TIMES/TIME UNITS 

10 0 to 1S 

TYPE 746 AUTORANGING FREQUENCY METER £84.88 
1Hz to 99.9KHz 

TYPE 615 OFF-AIR STANDARD £97.13 
10MHz ,1MHz and 100KHz 

0M8 ELECTRONICS, RIVERSIDE, EYNSFORD, KENT DA4 OAF 

Tel. Farninuliam (0322) 863567 

Prices, which are CVVO and ex-VAT, are correct at the time of going 

to press and are subject to change without notice. 

FROM OMB ELECTRONICS 
ww- 011 FOR FURTHER DETAILS 

ont e Professionals... 
Crimson modular audio amplifiers feature: *Low values 
of transient and steadystate distortions *Envelope distor-
tion (below 500 Hz) less than 0.05% *on-board electronic 
protection *P. C. B. pin and edge connector termination 
* Full range of complimentary components, i.e. P.S. U. "s, 
heatsinks etc. available from Crimson. 

The Crimson range of amplifier modules are built to very high standards and have earned an enviablel 
reputation in every field to which they have been applied. The boards come ready built and tested 
(guaranteed for two years) and can be used to advantage where high quality signal amplification is required. 
The power amplifier modules range from 60WRMS to 310WRMS with up to twice this amount in bridge 
mode. All feature substantial heatsink 'brackets which can be bolted to any available heatsink or the 
Crimson purpose designed types. Input sensitivity is set at 775mV and power supply requirements are 
catered for by one of the three Crimson toroidal power supplies. The Pre-amplifier module (CPR1 I is 
basically a phono amplifier with sophisticated circuitry incorporating R.I.A.A. equalisation.. Also on-
board is auxiliary amplification for tape and tuner inputs. A separate module (MC1) is also available and 
gives the required boost for low output moving coil type cartridges. External components required are 
potentiometers for volume and balance, switches for signal routing and a regulated ± 15V D.C. power 
source IRE G1). Complimenting this range, are the electronic crossover modules X02/X03 which, with a 
special muting board IMU1 ) can be incorporated in all types of active speaker systems.   
Numerous applications are possible with Crimson modules. For example, a complete Hi-Fi Pre Fr Power 
amplifier of 40-125WRMS/channel can be built using our Hardware kits (see Hobby Electronics review, 
August 1980). Alternatively, Mono or Stereo slave amps of up to 500WR MS can be built into proprietary 
flight cases, while other uses include active loudspeaker systems such as designed by R.I. Harcourt in 
Wireless World October/November 1980. Further details of how to use the modules are contained in the 
Users/Application Manual available at £0.50. 

SPECIFICATIONS 
Type  0/PSolune• 0/P4ohme. PSU 14/Sink.  Slew S/N Senaitiei,  T.M.D.ltypl 

CE 608  38  CPS1  50mrn  30V/uS  110dB  175,11  0 0035%  1 5Hz 5081771 340  80 « 120 • 25 
CE1064  64  70  CPS3  100mm  30V/uS  11Dde  775mV  0 0035 7.  1 5Hz 5081171 3d8  80 • 120 • 25 
C51008  65  CPS3  100mi  30V/i5  I I 0516  775mV  0 0035%  1 551‘ 50101z I 3‘111  80 • 120 . 25 

rn CEI704  85  121  CPS6  150m  MI  30V/uS  1113de  7750/1/  0 0035%  1 58, 5010/‘ I 30B  80 • 120 • 26 
CE1708  125  CPS6  150mrn/FM1  30V/,S  110dB  775mV  0 0035%  1 51-0 5010/71 3dEl  BO . 120 • 25 
CP3OCO  250  CPS6  FM2  30V/uS  110dB 0 0035%  I 5Hz 50101, 308  161 • 102 • 35 
CPA//Si  Output  775rnV  8E51  3ViuS  70d8  2 810707 MS  0 008%  2051z 204/fl,  138 • 80 • 35 

MC I /  Clutp.  2,/  REGI  55013  700V!150 ' BO • 120 • 35 
002 X03  Outp,0  __775_25(Kizny  __ BLQI  9V ,,S 50d8 5H/V  0 01 ,   X over pconts  150. 50 - 
* Po wer output is quoted WR MS and is given for two modules run off the some power supply. Higher 
powers are obtainable if usin one module per P.S.U. or if using a stabilised P.S.U. 

PRICES-HELD FROM MAY-TO APRIL 81 -- BARCLAYCARD Prr'y'wesh'e'rce l l:rdterl \ AU K' PChal  CO D  

I .00 extra  (Luna €1001 

  Export  Pay by Access / 

M aster Charqe, Vlsa 

Card, of Willi, tar 

l>r o tu mid  / 

e  . 
/  q‘'. • . • /Q. o  • 4%.çq• 

.0 ‘‘.,. .• 

   Crimson Flektrik 
9  CLAYMILL ROAD, LEICESTER LE4 7.1.1, ENGLAND. Tel. 0533 761920. Telex 34694 Chamco G CRIMLEK;,,  9•.• %-%• 

Power Amplifier Model »  Power Sup',/,' Mod.lez 

CE sce  C2I 00 
CE1064  C24 50 
CE/008  £27 50 
CEI704  (35.00 
CE1708  £35 00 

Pre•A mplifier Modules 
CPR/  534 00 
CPRIS  C44 50 
MCI  026 00 
MC1S  [31 03 

[P5/1 03 Al 
[E2 55'13 

CPS61250VAI  (30 DO 
REG1  59 30 
TM  6260 

Active Crossovers 
002  51900 
003  £28 35 
MUI  [7 50 

Heetsinks 
50mnn  1/1 /0 
100m,,,  (2 70 
15Ornin  C3 50 
FMI £3600 
FM2  542 00 

• - 
Nerdwere 

Pre Amp  (39 80 
Power Amp  £38 00 
Therm/31[01./1s  f 1 00 

Now, the handheld 
5011Hz 
counter. Various 

accessories are also available. 

It's true. Our new. diminutive frequency counter, the *Max 
50 costs a mere £49.00. Which, when you consider its totally 
automatic performance, is quite outstanding. 
Well, what would you normally expect to pay for a guaran-

teed frequency range of 100Hz to 50M Hz; 6-digit LED display; 
auto-ranging, polarity, slope trigger and input level; and built-
in overvoltage protection? 
And there's even more. The high reliability of LSI circuitry; 

sensitivity of 30MV trigger threshold; 3ppm accuracy; choice 
of battery or a.c. mains operation, and optional antenna. 
True value, and yours for the asking. 
Just call us on Saffron Walden (0799) 21682 right away. 

Your own *Max 50 could be hand-held tomorrow! 
Dealer enquiries also welcomed. *For a while, supplies will 

be labelled 'Mini-max'. 

GLOBAL SPECIALTIES CORPORATION G.S.C. (UK) Ltd., Dept 7F 
Unit 1, Shire Hill Industrial Estate, 
Saffron Walden, Essex CB11 3AQ. 
Telephone: Saffron Walden (0799) 21682 
Telex: 817477 
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fact: 
we've put a NEW plus 
into the Super-Track Plus 
family of V15 Type III Cartridges 

Hyperelliptical tip for 
audibly greater freedom 
from distortion 
One of the critically acclaimed developments 
introduced in Shure's incomparable V15 Type IV 
pickup cartridge is its revolutionary distortion-
reducing Hyperelliptical nude diamond tip.. It 
established a new standard of sound purity. 
through a dramatic reduction of both harmonic and 
intermodulation distortion. Now, the Hyperelliptical 
tip is also available in the world-famous V15 Type 
III Super-Track Plus Cartridge, bringing together 
the sound purity and flat response of the IV at an 
eminently affordable price. It is truly second only to 
one other cartridge in the world—the V15 Type IV 

V15 TYPE III-HE 
Stereo Dynetic® Pickup Cartridge 

If you are one of the thousands of 
audiophiles who already own a V15 
Type Ill, you too can benefit from the 
new freedom from distortion offered by 
the Hyperelliptical stylus. Simply replace 
your present stylus with the new VN35HE 
improvement stylus. It will give your Type 
Ill cartridge the same specifications as 
the new V15 Type Ill-HE. Takes only 
seconds to install (see illustration), 
requires no tools whatsoever. 

V15 TYPE III-HE IMPROVEMENT STYLUS 

Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU 7-Teleoho_ne: Maidstone (0622) 59881 
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wireless 
world 

The next seventy years 

The artist Pablo Picasso once said: "Age 
only matters when one is ageing. Now that 
I have arrived at a great age, I might just as 
well be twenty." Wireless World feels much 
the same. Being the oldest radio journal in 
the world and having reached this month 
the Biblical age of three score years and 
ten, we can justly consider ourselves — in 
terms of electronics journalism — to have 
arrived at a great age. And we might just as 
well be twenty because it is in the nature of 
a periodical publication to renew itself 
with each issue. It doesn't matter whether 
one has produced 1,500 or only 15 
previous issues, the next edition is always a 
completely new book — a new product 
belonging uniquely to its own moment in 
history and reflecting its own world at that 
moment. We did our reminiscing about 
the past on our 50th and 60th birthdays. 
Now, already 15 years into the era of the 
integrated circuit, we are as curious about 
the future and what it holds for us as any 
young person just starting to look at 
electronics as a possible career. 
If we survive the next 70 years, what 

could we be looking back on in 2051 AD? 
Here a little humility is called for. If the 
periodical survives (and not necessarily on 
paper) it may well be a very different 
animal from what it is now. Electronics 
may no longer exist as a definable area of 
technology and industry. Just as radio 
spawned electronics, which then 
proceeded to absorb its parent, the same 
thing may happen again — several times 
over. On this principle one might look at 
other branches of science and technology 
with which electronics is already conjoined 
and speculate if they are capable of such 
absorption. Optics, perhaps, chemistry, 
biology . . . ? Or one might even consider 
the complete fragmentation of electronics 
into a variety of other technologies and 
interdisciplinary activities, some of which 
don't yet exist. 
Extrapolation from present trends does 

take us a little way — greater complexity 
and higher performance in electronic 
products, more devices on a silicon chip, 
changes in microprocessor architecture 
and so on. This is the gadgeteering 
approach which envisages a world 
increasingly full of clever robots, wrist-

watch radios, flat tv screens and 
information centres in thé home. But it 
doesn't allow for the possibility that a 
completely new, seminal device will be 
invented that will transform the 
technology — just as the valve transformed 
radio communication and the transistor 
opened the way to integrated circuits. 
Several laboratories are now exploring the 
possible use of biological structures as 
transducers and energy converters. Could 
this lead perhaps to a stochastic, rather 
than deterministic, principle of 
information processing and transmission, 
analogous to that in the animal central 
nervous system? 
But it is unrealistic to consider a 

technology in isolation from the society 
which produces it. You can say with truth 
that scientists and engineers discover and 
invent things which change our lives. 
These individuals, however, are part of 
society and subject to its pressures. You 
can say with equal truth that the 
technology we have is a symptom of the 
kind of society we are: it develops in 
particular directions in response to our 
material, emotional and spiritual needs. 
Broadcasting, hi-fi and other electronic 
diversions are technological responses to 
the needs of the "nuclear family" for 
entertainment and even "company" in 
homes that are becoming socially isolated 
from communities. As in the past, 
technology will continue to be both cause 
and effect. 
1911, in which we were founded, was 

the fateful year when Rutherford did the 
historic experiments that led him to 
postulate the atomic nucleus and the 
picture of the atom we have now. Since 
then our physicists have been discovering 
ever more fundamental particles and our 
view of matter and energy has been greatly 
elaborated. During the next 70 years there 
could be a discovery or insight that would 
unify our observations and even depart 
from the traditional line of thinking started 
by Democritus. Such an event would not 
immediately alter the practice of electronic 
engineering but would certainly affect 
profoundly the work of the applied 
scientists who research into physical 
processes to create new devices. 

www.american diohistorv.com 
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Opto-electronic contact breaker 
Compact and maintenance free switching for 

electronic ignition systems 

by J. R. Watkinson, B.Sc., M.Sc. 

The conventional automotive contact 
breaker is still widely used in modern 
petrol engines despite its shortcom-
ings. Superior alternatives have been 
available for several years, but car 
manufacturers have been slow to re-
move the weak link in the ignition 
system. This design is simple, cheap, 
reasonably easy to install, and pro-
vides a maintenance free unit which 
will drive almost all electronic ignition 
systems which operate with mechani-
cal contacts. 

Although many electronic ignition units 
are available, and several well designed 
constructional circuits have appeared, 
most of them are triggered by the existing 
contacts and use either inductive or capaci-
tive discharge to improve the spark and 
extend contact life. Some designs claim to 
eliminate the effect of contact bounce, but 
the effects of contact heel wear and timing 
scatter still remain. 
The circuit in Fig. 1 provides an output 

which, for low currents, simulates the 
contact breaker and can trigger an 
electronic ignition unit without modifica-
tion. The existing centrifugal and vacuum 
advance mechanisms are retained, and the 
only mechanical part which must be con-
structed with any precision is a chopper 
disc. 
The light source is an infra-red 1.e.d. 

with a lens to give a well defined beam, 
which is received by a spectrally and physi-
cally matched phototransistor. Light pass-
ing between the two devices is interrupted 
by a chopper disc which produces a rough 
square wave. This waveform is cleaned up 
before it is used for timing because 
electronic ignition circuits generally re-
quire a sharp edge to trigger an s.c.r. A 
conventional two transistor Schmitt-trig-
ger was not used because the regenerative 

Ignition 

+7 to 15V 

Tr1 

Fig. 2. Printed circuit board mounted on the action plate of a distributor. In the 
prototype Tri was mounted underneath the board. 

action only occurs if the input has a low 
source impedance and, in this design, the 
phototransistor is a current source. In-
stead, an open collector t.t.l. i.c. with two 
gates connected as a set — reset bistable is 
used. The inputs are driven in a comple-
mentary mode by using a third gate as an 
inverter, and the remaining gate is used as 
a buffer. The regenerative action of this 
circuit gives fast switching, and a conser-
vatively rated series regulator provides re-
liable operation. 
The complete circuit can be built on a 

glassfibre p.c.b. and mounted inside the 

+5V 

distributor as shown in Fig. 2. The proto-
type fits a Delco distributor as fitted to 
many G.M. vehicles, but the layout can be 
modified to fit most other types. Some 
foreign vehicles use very small distribu-
tors, and for these it is best to house the 
circuit in a small metal box beside the 
distributor. Installation is much easier if a 
replacement distributor is used. Also, the 
second unit is useful to carry as a spare. 
The phototransistor is mounted directly 

on the p.c.b. and the 1.e.d. is mounted 
about 2.5mm away on a small board sup-
ported by 3mm tapped pillars which also 
carry the I.e.d. current. The main p.c.b. is 
mounted with spacers on the action plate 
in the distributor with 3mm screws which 
must have holes drilled and tapped. As the 
action plate is rotated by the vacuum ad-
vance mechanism, it must not be ob-

Fig. 1. Switching circuit and regulator. Tri 
and Tr2 do not require heatsinks, but 
should be secured with the screws that 
hold the p.c. b. in place. Note that ICi must 
be a ceramic type to ensure reliable 
operation during large temperature 
changes. 

A set of shaped p.c.bs based on these 
layouts will be available for £4.00 inclusive 
from M. R. Sagin, 23 Keyes Road, London 
N.W.2. 

Fig. 4. Phototransistor and led. mounting. The two pillars must be metal types to 
carry the led. current. 

Why replace the contact breaker? 

A conventional contact breaker con-
sists of a earn, rotated by the engine, 
which opens and closes a moving 
contact held in place by a stiff spring. 
As the contacts are forced open by the 
cam and closed by the spring, the cam 
has an alternating torque acting upon 
it. The cam is turned about the main-
shaft by centrifugally operated 
weights which reach equilibrium with 
restoring springs to give different 
spark advance angles for different 
speeds. Therefore, there are two mass 
compliance systems which cause a 
wide distribution of timing. This 
problem is made worse by manufac-
turing tolerances in the cam and gen-
eral wear in the contact breakers. Al-
though a new distributor with 
correctly adjusted contacts operates 
fairly well, this peak performance 
rarely lasts for more than 2000 miles, 
and most petrol engines spend a signi-
ficant proportion of their working life 
with a sub-standard ignition system. 

The two most common replace-
ments for the contact breaker are a 
magnetic pickup, where a lobed rotor 
varies the flux through a coil, and an 
optical system, where a light beam is 
interrupted by a chopper disc. The 
magnetic system is attractive to a mass 
producer because magnetic compo-
nents and coils are familiar, but the 
optical system is more attractive for 
conversion of an existing unit because 
fewer mechanical parts are required. 

Both types use the existing txntrifugal 
and vacuum advance systems and, as 
the amount of energe extracted from 
the shaft is small in either case, the 
torsional excitation of the advance 
mechanism is negligible. Both 
systems do, however, exhibit a slight 
hysteresis between acceleration and 
deceleration as the rotor advances to 
take up any backlash when the engine 
slows. This is a small penalty and is 
normally of little consequence. 

Fig. 3. Printed circuit boards and 
component locations for a Delco 
distributor. 

structed by the board or swarf, and the 
manufacturer's recommended lubricant 
should be restored. If the existing contact 
pivots on a pillar rivetted to the action 
plate, the pillar must be removed before 
the p.c.b. can be installed. Care must be 
taken to ensure that the small board does 
not foul the rotor arm or the inside of the 
distributor cap. When installed, the p.c.b. 
is connected to the ignition unit by a 
length of good quality miniature three core 
stranded cable. The cable should be sup-
ported by a small P clip fixed by one of the 
mounting screws, and by the existing 
grommet in the distributor body. Re-
member to leave enough cable loose so that 
the action plate can revolve. 
The circuit can be tested by connecting 

+12V to the supply lead, and a low power 
bulb from +12V to the output lead. The 
lamp should remain on until the light 
beam is interrupted. Note that the 
specified device does not emit visible light. 
If the circuit switches the lamp correctly, 
connect it to the electronic ignition unit 
and take the h.t. lead from the coil directly 
to one spark plug. This will avoid coil 
breakdown if the rotor arm is not pointing 
at a segment of the distributor cap. Check 
that a spark is generated every time the 
light beam is interrupted and not when it is 
re-established. 
When the circuit has been tested, a 

chopper disc should be constructed to suit 
the distributor. The accuracy of this disc 
affects the overall performance of the 
system, and the most important parameter 
is the angle between the leading edge of the 
blade and the line joining the mainshaft 
axis with the centre of the rotor arm sector. 
It is imperative that this angle causes the 
leading edge of a blade to just obscure the 
1.e.d., i.e. the point of firing, when the end 
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of the rotor arm is directly opposite a seg-
ment inside the distributor cap, with the 
vacuum advance at mid-travel. If this con-
dition is not achieved the engine may not 
run. Another important requirement is 
that the chopper blades are evenly spaced 
to avoid scatter. The angle between the 
blades is found by dividing 360° by the 
number of cylinders. Although this unit is 
suitable for any number of cylinders, the 
greatest improvement will be noticed on 
engines with six cylinders and above, 
where multi-lobed cams cause more timing 
scatter. 
The disc does not need great strength, 

and the prototype was cut from tinplate. 
The centre hole has tabs which are alterna-
tely bent up and down to grip the cam as 
shown in Fig. 5. To construct the disc 
make a centre punch mark and scribe a 
straight line through the centre mark. Us-
ing a large transparent circular protractor 
with 0 and 180° marks on the line, mark 
the position of the blade edges and scribe 
lines to the centre. If an inductive 
discharge system is used, the angle be-
tween the chopper blades becomes the 
dwell angle, the angle through which the 
points remain closed, and must be the 
same for all cylinders. With a conventional 
contact breaker the dwell angle has to be 
short so that the points can open a reason-
able distance. Unfortunately, a short dwell 
angle limits the time available for primary 

L.E.D. 
(O2) 

Distributor cap 
segment 

Rotor arm 

Chopper disc 
Ph of of ransist or 

(Tr3) 

Fig. 5. Typical shape and mounting for the 
chopper disc. It is imperative that, when 
the disc just interrupts the light beam, the 
rotor arm is directly opposite a distributor 
segment with the vacuum pushrod at mid 
travel. 

IN OUR NEXT ISSUE 
Digital capacitance meter 
This is a charge-injection capacitance meter, which is 
provided with a well thought out input-protection 
circuit to guard any initial charge on the Capacitor to be 
measured. Sources of error in the protection circuit and 
elsewhere are analysed. 

New Wien-bridge oscillator 
John Linsley Hood describes an alternative way of 
using the Wien network to design low-frequency 
oscillators. The typical total harmonic distortion of a 
simple oscillator of this type is about 0.001%, instead of 
0.01% in the conventional configuration. There is also 
an optoelectronic amplitude stabilizer. 

Active television deflector 
Constructing a device to help people who live in deep 
valleys or other places where u,h.f. television 
broadcasts can't be received normally. Placed on a 
vantage point nearby, it picks up the tv signal, amplifies 
it and re-transmits it to the viewer's house on the same 
frequency. 

On sale 18 March 
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current build-up at high revolutions. With' 
this design, the dwell angle can be in-
creased from the manufacturers specifica-
tion to increase spark energy at high revo-
lutions. If the unit is used with a c.d. 
ignition system, the angle between the 
blades is not important because the spark 
is controlled only by the leading edges of 
the chopper blades. 
Cutting the disc shape is made easier if 

the tinplate is clamped to a thin sheet of 
aluminium or plywood. After drilling the 
centre hole and filing it to shape, cut the 
disc to the correct diameter, cut the blades 
to shape and finish with a fine file. 
Finally, bend the tabs for a good central fit 
on the cam. The disc is then fixed to the 
cam with epoxy resin after checking that 
all the parameters are correct and that the 
disc revolves freely. When installation is 
complete, the distributor can be mounted 
in the engine and adjusted for correct 
timing with a strobe light. 
Although this unit will not produce a 

dramatic increase in performance from a 
correctly tuned engine, the firing at high 
revolutions should be smoother and tick-
over should be very steady even when 
cold, which permits sparing use of the 
choke. However, the main benefit is a 
,maintenance free ignition system. The 
prototype has now been in use for five 
years and the distributor cap is only re-
moved to show disbelievers. 

BOOKS 

Beginner's Guide to Digital Electronics, 
by Ian R. Sinclair. 
146pp., paperback. 
Newnes Technical Books, £3.25. 

Only a limited knowledge of electronics is as-
sumed here. The author's intention is to explain 
the basics of digital technique to those who have 
no training in electronics, but who may have 
accumulated information on the active and pass-
ive components used in and around integrated 
circuits. He deals briefly with digital elements 
from switching devices, through small-scale 
systems such as counters, to microprocessors, 
though the chapter on micros, which occupies 
only fifteen pages, is rather too cursory to be of 
much practical value. 
A complete beginner may find the lack of 

information on application a little worrying: 
elements are well described, but with little ex-
planation of what their role in a system might 
be. A microprocessor, for example, is presented 
as a device whose program is capable of carrying 
out the action of a truth table as an alternative to 
a set of gates and registers, with no explanation 
of the advantages gained thereby. 

The Prestel Business, 
by Roger Nicholson and Guy Consterdine. 
104pp., hardback. 
Northwood Books, £4.95. 

This is not a technical approach to Prestel, but 
an explanation, primarily for business people, of 
what a viewdata system is, how information is 
provided and used, some costings and some of 
the background. This would be a good intro-
duction to the service for those who know little 
more than the name and who suspect that it 
could be of assistance in their work. There is no 
technical description whatever. 
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More on active crossover 
networks 

Using electrostatic loudspeakers with a common bass unit 

by D. C. Read, B.Sc.Hons (Elec. Eng.) 

Modifications to David Read's 1974 
active filter crossover design provide 
for Quad electrostatic loudspeakers or 
Isophon tweeters, with appropriate 
alterations in crossover frequencies. 

An article in the November 1974 issue of 
Wireless World showed how some econo-
mies could be achieved in a stereo system 
using active cross-over networks. One 
such economy was to have a mixed 
mono/stereo arrangement using a single 
bass unit working in that part of the audio 
band where sounds are non-directional. 
Sounds in the mid and upper ranges were, 
in the system suggested, produced by 
smaller speakers fed via the amplifier/ac-
tive-filter crossover units as described ear-
lier (Wireless World, December 1973). This 
economy arrangement worked well, with 
the added flexibility of the active filters. 
enabling best use to be made of the five 
conventional cone units — one bass, two 

+20 to 24V 

¡Ok  

470n 

0.5V 
r.m.s 

60k 

R3 R4 

15k 

Sbk  27k 

From 
other channel 

56k 

Fig. 3. Cut-down and modified version 
of circuit, originally published in the 
November 1974 issue, for use with 
Quad electrostatic loudspeaker. IC4 
and associated components are 
required only once. 

M. F. amplifier 

unit working between a pair of Quad 
electrostatic radiators. An obvious benefit 
of band-sharing in this way was that the 
use of the single bass speaker relieved the 
electrostatic units of having to produce 
possibly loud sounds in that part of the 
audio spectrum where they are at their 
lowest efficiency and where, especially at 
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Fig. 2. New crossover frequency of 100Hz is 
chosen for dual electrostatic + common 
bass combination. 
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mid-range, two upper-frequency speakers 
— variously selected for best operation in 
the chosen ranges. 
Given greater financial freedom in the 

choice of the output units, it seemed an 
attractive idea to apply such a mixed 
mono/stereo arrangement to a three-
speaker system, using a single cone bass 
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Fig. 1. Basis of modified design is this on-
axis speaker response curve. 
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the very lowest end of the range, they can 
generate considerable distortion. 
I therefore set about making the neces-

sary modifications to the active filter cir-
cuit, given as Fig. 2 in the November 1974 
article, page 444 or, December 1977, page 
575. The basis for the modified arrange-
ment is the on-axis response (sine-wave 
input) published on page 157 of the 1979 
Hi-Fi Choice, repeated here for reference 
as Fig. 1. 
The part of the audio band of particular 

interest is that between 80 Hz and about 
850 Hz. This range of frequencies can be 
divided into two regions: 80-170 Hz and 
170-850 Hz. Considering the lower region 
first, the Quad electrostatic speaker res-
ponse curve here shows a fall in output 
which has an average slope of about 7dB 
per octave. It has been suggested that the 
optimum rate of change of loudspeaker 
response in a crossover region is 18 to 20 
dB/octave. I therefore decided that a de-
signed filter slope of about 15 dB/octave 
would be required so that, over this part of 
the band, the combined effect of filter and 
speaker responses would be a fall-off rase 

30 to 50V 25mA 

+20 to 24V 

0.5V 
rms. 

e 

470n 

Bottom view 
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c be 

2k2 
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BCY 72 2N3926 

From 
other channels   

561% 
Fig. 4. Further modification of 1974 
design for 0.33 cu.ft boxes and 
Isophon tweeters. For the 1 cu.ft boxes 
housing 5110 and Isophon units, short 
R3 and omit R5, R6 and Cl. A 1 pF 
capacitor should be inserted be 
Tri emitter and the 201(11 
potentiometer. 

56k 

on the high side of optimum, because 1.f. 
energy below 150Hz produces high second 
and third harmonic distortion in a Quad 
electrostatic speaker. 
The upper part of the response curve 

section being considered, from 170 Hz up 
to 850 Hz in Fig. 1, shows a slope in the 
same sense as before but at a more gentle 
rate of about 2 dB/octave. This slope does 
not contribute usefully to the desired effect 
as in the previous instance and has to be 
compensated by an opposing active filter 
characteristic to maintain the loudspeaker 
output reasonably constant down to the 
cut-off point of 170 Hz. 
These two considerations- suggest the 

general form of the required filter response 
curve. In addition, I decided to move the 
stereo/mono change-over point further 
down the band, to 100 Hz instead of 160 
Hz in the original system, which used twin 
KEF B110 cone units for the mid-range 
with a single B139 bass speaker. The 
reason for the change is that in larger living 
rooms having floor dimensions in excess of 
six metres square the stereo effect is ex-
tended to lower frequencies. As the 
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electrostatic speakers not only gave good 
output to this lower point in the band but 
have a response shape which helps in the 
crossover arrangement, it seemed reason-
able to make the change. 
The filter response achieved to satisfy 

the three requirements detailed above is 
the full-line curve in Fig. 2. This shows 
the variation of voltage with frequency of 
the output labelled m.f. amp in the filter 
circuit diagram of Fig. 3. This output pro-
vides the feed for one Quad electrostatic 
speaker: an identical circuit serves the 
other channel. The mono bass speaker — a 
KEF B139 is suggested but any compara-
ble unit with suitable power-handling 
capacity would do — is fed via a power 
amplifier from the channel combining and 
filter circuit drawn at the bottom of Fig. 3. 
The response of the output from this cir-
cuit is shown as the broken curve in Fig. 2 
which intersects with the high-pass filter 
curve at the new mono/stereo change-over 
point of 100 Hz. 
The active filter itself is a cut-down and 

modified version of the circuit as originally 
published in the 1974 article and needs 
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little further description. Op-amp IC3 pro-
vides the high-pass output with the 
bridged-T section between Tr2 and Tr4 
giving the 2dB/octave compensating tip-up 
between lkHz and 100Hz (with slope 
controlled by the choice of value for R6. 
Op-amp IC4 provides a mixing point and a 
suitable low-pass response for feeding the 
common bass unit. 
For people with the room space and the 

pocket money to suit, an improvement in 
their arrangement could be obtained by 
having four such units stacked in pairs. 
Frames specially designed for this purpose 
are now available The resulting increased 
radiation "frontage" and power-handling 
capability should gladden the ears of any 
enthusiast. But you might need to make 
peace with the neighbours first! 
At the other end of the scale, with cost 

an important factor, the Quad units could 
be replaced, using the original 0.33 or cu. ft 
boxes plus the original BIlOs with a pair of 
Isophon KK10/8 tweeters, instead of 
T27s. For those interested in such a varia-
tion in the arrangement, the circuit of Fig. 
4 gives the alternative component values 
(bracketed) which would produce a 
slightly different filter response curve, as 
shown in Fig. 5, suitable for feeding the 
Isophon Units. The applied volts curve for 
the KK10/8 and cross-over point to the 
B110 was adjusted to obtain the flat overall 
response similar to the curve the 1974 arti-
cle. 
Listening to the various systems with 

pink noise (i.e. constant energy per octave) 
and sweeping through the audio spectrum 
I have become aware that room acoustics 
significantly colour the results. Having 
used an anechoic chamber during the 
speaker development I realised that a 
wedge shape filled with sound absorbent 
material would be available to me by un-

* From Audio-T, West End Lane, London NW6 
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Fig. 5. Applies voltage curve for 0.33 cu.ft 
box and Isophon tweeters. Broken line 
shows response with low-pass filter only. 

dertaking an attic conversion. The sloping 
roof to the now-boarded floor provided the 
wedge behind my electrostatic speakers. 
This wedge is now filled with sacks of old 
clothes from a once-too-full wardrobe (all 
the family have been equally deprived). I 
have now achieved an excellent listening 
room where I can pull the ladder up after 
me. 
The power amplifiers, Fig. 6, use the 

Hitachi complementary pair 2SK133, 
2SJ48 and I obtained a kit from Ambit 
International the details of which are in 
their second catalogue. The kit for each 
power amp. is £16.10 supplied with drilled 
board, data sheet and component location 
(heat sink £6.32). After many tests on this 
amplifier, and accepting the no secondary 

Fig. 6. In recommending this power 
amplifier circuit, David Read points out that 
power m.o.s.f.e.ts can suffer from h.f. 
instability between 100 and 1000MHz, 
which won't be visible on a scope but 
which will heat the resistor in the RC 
network across the load (10nF, we. He 
suggests keeping to the Ambit-proven 
layout, with fe.ts mounted on the board. 
(Further details in Ambit catalogue, no. 3 
page 61/2, no. 4 page 87/6, available from 
200 North Service Road, Brentwood, 
Essex.) Inductor is 12 turns at 12 gauge 
wire wound on a 10.0 resistor. Reverse the 
two diodes in the 2SJ48 gate circuit. 
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breakdown and self-limiting with nega-
tive thermal coefficient properties, the 
only criticism was that the quiescent cur-
rent fell markedly after a long period at 
maximum power out and distortion mea-
sured a few per cent. I considered adding 
positive temperature coefficient thermis-
tors at the variable resistor position but as 
these appear to be highly non-linear de-
vices I felt the best solution was to use 
large heat sinks on the m.o.s.f.e.ts to 
minimize the temperature rise. A word of 
warning — lath and plaster ceiling and 
loose tiles don't get along with large bass 
speakers driven by 100W m.o.s.f.e.t am-
plifiers. 
A final point on overload margins. The 

power amps approaching clipping at 80V 
pk-pk out, approximately 4V pk-pk in. 
The worst-case active filter networks is 
13V pk-pk clipping in the bandpass or high 
pass, mid-frequency section, so to obtain 
similar headroom in each the active filter 
output pots are at about a third up from 
the earth end, this being correct for the 
m.o. s.f.e. t. power amplifiers. 
Having listened to Quad pairs and 

stacked pairs it does seem that the slope 
between 200Hz and lkHz should be 
lessened, so I suggest halving the 1201(0, 
resistor at Tr4 base. It would seem that as 
you go down the audio spectrum phase 
coherence increased and this gives an 
apparent lift in low end of the m.f. band. 
This is undoubtedly related to the large 
radiating area from stacked Quads and the 
large sound absorbing area of an attic 
conversion. 
If you are aware of sound level peaks in 

your listening room then some pre-fab-

Continued on page 54 
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Microcomputers in space 
British Aerospace. Space and Communica-

tions Division is developing a spacecraft 
microcomputer module (SMM) as a standard 
unit suitable for general application in satellite 
systems. In addition to the hardware, the Divi-
sion is also developing the necessary computer 
programs which includes all the basic executive 
routines needed to control an SMM system. 
Eash SMM is a totally self-contained 

microcomputer. One of the design aspects of 
particular note is that of flexibility in choice of 
microprocessor used. The SMM development 
system at the Space and Communications Divi-
sion currently comprises a Ferranti F100-L, 
three Texas Instrument 9900's and a DEC 
PDP11/34 mini computer, all running with 
compatible software and common hardware in-
terfaces. 
The F100-L which has been selected for use 

with SMM in the immediate future, is a bipolar 
microprocessor with low-power dissipation, 
manufactured by Ferranti as an LSI circuit on a 
single chip encapsulated in a 40-pin dual-in-line 
package. Military standard F100-L micropro-
cessors are subjected to additional special 
testing and screening before being nominated 
for service in space. 
A method of interconnecting up to 64 SMMs 

has been developed such that not only can their 
processing capabilities be shared for compiex 
computations, but tasks may be transferred to 
other units should faults arise in individual de-
vices. Input/output functions are performed by 
non-intelligent modules which are linked in an 
SMM system by a two-wire serial data bus de-
signed by the Space and Communications Divi-
sion. 
An addressable serial bus interface circuit 

(ASBIC) is used as the standard interface for 
connecting a module to the bus. 
Data and control instructions are transferred 

as 32-bit long words via the bus at 500 kilobits 
per second. The ASBIC performs all data 
synchronisation, module address detection and 
the serial-to-parallel and parallel-to-serial 
conversions necessary when transferring in-
formation between a module and the bus. 
An ASBIC comprises a single 40-pin ceramic 

dual-in-line package. It is an LSI circuit manu-
factured by Ferranti using collector diffusion 
isolation and the uncommitted logic array tech-
nology developed by that company. It is TTL 
compatible, and importantly, operates at very 
low power levels from a single 5v source, an 
advance over similar circuits using hybrid and 
discrete technologies. It contains a 16-bit 
parallel data highway ideally suited to micropro-
cessor applications and is manufactured to full 
military specifications. Utilising ASBIC, non-
intelligent terminals can be adapted for connec-
tion to the data bus with the minimum of addi-
tional circuitry. 
The configuration of the SMM and the 

selection of the military version of the Ferranti 
F 100L microprocessor is the outcome of an 
engineering study carried out over the last 18 
months by the Space and Communications 
Division to assess the operational characteristics 
required of microprocessors for prolonged ser-
vice in space, aboard satellites. The F100-L was 
selected because its bipolar technology renders 

it inherently more resistant to radiation damage, 
with the added merit that it is the only 16-bit 
microprocessor wholly designed, developed and 
manufactured within Europe. Throughout the 
study, liaison was maintained with the 
European Space Agency (ESA) to ensure the 
technical solutions proposed were compatible 
with data handling requirements for satellites 
specified by ESA. 
Before the study began, British Aerospace 

Dynamics Group had already acquired consid-
erable knowledge of the factors likely to in-
fluence computer operations in space as a result 
of previous privately-funded technical evalua-
tions. The Group is continuing to invest money 
in the current research and development work, 
the cost of which is being shared by the Depart-
ment of Industry as part of the UK Space Tech-
nology Programme. 
The Space and Communications Division will 

be incorporating SMMs in the next generation 
of satellite systems they build and have begun 
evaluating the device with its supporting com-
ponents to qualify it for use in the space envi-
ronment. In addition to space, it is envisaged 
that SMMs will be eminently suited for a wide 
variety of data handling applications. 

China standardizes 
in Industry 
From a previous policy of self-reliance, China 
has embarked on a comprehensive programme 
of modernisation including a number of product 
standards and a building and civil engineering 
code. Details are included in a report, Exporting 
to China, prepared by the Standards Association 
of New Zealand and available from the British 
Standards Institute's Technical Help to Ex-
porters service. 
Chinese standards are divided into three 

grades — national, ministerial and enterprise — 
and the policy for each grade is explained. De-
tails are given of the types of products covered 
by the mandatory National Standards. There 
are two Chinese standards covering labelling 
requirements for shipped goods and the labels 
are clearly illustrated. The report includes full 
addresses of all relevant organisations, cor-
porations and embassies. 
As if to underline that such trade is not 

necessarily one-way, Hitachi have announced 
the signing of a contract for the establishment of 
a joint venture company in Fujian Province, 
China for the production of television sets. In-
tended for domestic sales and for export, the 
company expects to be producing 200,000 
colour and 180,000 black-and-white tv sets per 
year. 

Computer in case 
Intended for the 'globe trotting' reporter, 
salesman, engineer, programmer, auditor etc, 
model 8400 computer is fitted into a briefcase. 

Produced by Microdata Computers Ltd, in 
Hayes, Middlesex, the computer incorporates 
many features to make it not only portable but 
also of practical use: it may be connected to a 
wide range of power supplies' voltages and fre-
quencies and so may be used almost anywhere 

in the world; it incorporates a real time clock 
which can display GMT and local time; it in-
cludes acoustic couplers for transmission and 
reception of programmes or data through the 
telephone network. There is a full ASCII key-
board, a fold-away dot matrix gas plasma screen 
with a capacity of 480 characters; there is full 
text processing capability and the magnetic bub-
ble memory does not lose data when the power 
is removed. 

An early prototype of the Micro data model 8400 briefcase computer, now going into production. 

Integrated circuits to your own design 
Isolated oxide CMOS, or ISO-CMOS, can be 
used to produce integrated circuit devices of 
higher speed, lower power consumption, lower 
propagation delays, higher densities and lower 
cost per function, according to the new GEC 
company, Marconi Electronic Devices Ltd 
which has been set up to combine ISO-CMOS 
with the established Cellmos computer-aided 
integrated circuit design service, the combined 
service to be known as ISO-Cellmos. By the 
addition of bigger and better computers and 
improvements in software, the service can now 
take a logic design, feed it into the computer 
,which can analyse the circuit and can demons-
trate the output response to any given input 
waveform. It can then select the appropriate 
gates from its own library and place them auto-
matically in relation to each other to produce an 
optimal layout. The interconnect tracking is 
also laid out automatically. The layout is then 
analysed with capacitance measurements and 
checking for the effects of possible transients. It 
is also checked against the design rule book. 
All this has taken place within seconds of 

entering the original design into the computer. 
Two plots are produced; one of the proposed 
layout with pad positions etc. The other is a 
diagram of the chip in logic diagram form, 
allowing the customer to check it against his 
original circuit. At this stage, changes to the 
circuit may be made to correct any errors or to 

Keyboard research 
It has long been known that the q̀werty' key-. 
board is not the most efficient way of arranging 
the letters. In fact it was originally designed to 
slow down the typist so that the primitive 
mechanics of early typwriters could cope with 
the task and not suffer from entanglements. The 
European Commission is inviting tenders for a 
unified keyboard layout suitable for the many 
languages based on the Latin alphabet. The 
keyboard layout will be used within the Com-
mission and other European or international 
organisations who need to deal with many lan-
guages. Whether the reseach will lead to a major 
re-design of keyboard layout or just a tidy-up 
exercise of the comparatively minor differences 
in the various nationality keyboards remains to 
be seen. 

Authors recognise 
technical writers 
The Society of Authors (a professional society 
representing over 3000 writers) has under con-
sideration a plan to form a Technical Writers' 
Group within the Society, to cater for the needs 
of technical and scientific authors. Those who 
write about technology are themselves much 
affected by the introduction of new technology 
in publishing and printing, and by rapid 
changes occurring in this field of writing. 
The formation of a special Group would pro-

vide technical writers, in addition to the normal 
services of the Society, with the benefit of a core 
of expertise in this expanding area of writing 
and the opportunity to discuss problems com-
mon to technical and scientific writers. 
These matters were discussed by Stanley 

Lyons in a special article in The Author re-
cently. Copies of this — and further details 
about the Society — may be obtained gratis 
from the Society. 
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This cross section illustrates the basic principle of ISO-CMOS 

add modifications. 
Once the layouts are accepted by the cus-

tomer, they can be simply translated into mag-
netic tape format for the automatic preparation 
of production masks. At the same time test 
tapes are generated for the automatic testing of 
the finished integrated circuits. 
A simpler and even more rapid approach is 

suitable for those circuits which can be adapted 
to the ISO-CMOS uncommitted logic array. 
The Cellmos system can generate a layout for 
the interconnection pattern which can be added 

to ULAs available from stock. As these have 
fixed connection pad positions a testing faciliy is 
instantly available. 
Thus the Cellmos system can design and 

layout a circuit in seconds — a job that would 
take a competent design engineer at least three 
months. 
The new company, Marconi Electronic De-

vices Ltd, as well as providing the Iso-Cellmos 
service, has also taken under its wing the 
microwave, power and hybrid component divi-
sions of the GEC/Marconi group. 

Centre to study effects of 
technology on society 
The interaction of electronic systems such as 
computers and data processing equipment with 
society at large may well be one of the subjects 
to be studied by a new research centre now 
being set up in the UK. Called the Technical 
Change Centre, it is mainly concerned with the 
relationship of technology to economic well-be-
ing in the UK: it will develop "a major pro-
gramme of research on the choice, management 
and acceptability of technical change relevant to 
the advancement of the national economy" in 
the words of its official statement. But it will 
also study changes in society and the economy 
which act as pressures influencing the course of 
technical innovation. A related area of research 
will be "trade-offs" between economic advance 
and social loss (in such matters as pollution and 
conservation) and the way technical change 
could be planned so as to reduce the inevitable 
disruption it causes in people's social and occu-
pational lives. 
The economics bias of the TUC is reflected in 

the choice of its director, who is an economist, 
Professor Sir Bruce Williams. Among many 
other appointments he was economic adviser to 
the Minister of Technology in 1967. Electronics 
interests are represented by the organizing com-
mittee having as one of its members Philip 
Hughes, who is managing director of Logica, 
the well-known software and electronics com-
pany. Funding comes from the Leverhulme 
Trust, which will contribute £1.5m over the 
first five years, and from the Science Research 
Council and the Social Science Research Coun-
cil, each of which will provide £525,000 over the 
same period. Eventually the Centre is expected 
to have an annual budget of £750,000, with 
some of its revenue coming from commissioned 
research. 

To some extent the TCC resembles the Office 
of Technology Assessment (OTA) which was 
established in the USA in 1972 — but by law. It 
is intended to be of practical help to those 
technocrats in government, industry and else-
where who have the task of shaping public poli-
cies to respond to technological development 
and the changing position of the UK in the 
world economy. 

Gallium arsenide 
invades 
Silicon Valley 
The Harris Corporation is moving ahead on its 
first semiconductor operation in San Franciso's 
famed 'Silicon Valley' area by approving con-
struction of a $4 million facility in Milpitas, near 
San José. 
The company is making the investment on 

behalf of an 80-per-cent-owned new company, 
Harris Microwave Semiconductor, Inc. The 
firm was established last June by Harris and a 
group of local semiconductor executive, 
specialising in the new field of gallium arsenide 
technology. • 
Gallium arsenide is a compound of two ele-

ments, gallium and arsenic. As a base material 
for integrated circuits, it offers significant ad-
vantages over silicon in applications requiring 
very good speed, high frequencies and extreme 
miniaturisation. Harris will use this technology 
to produce gallium arsenide transistors, 
microwave components and integrated circuits 
to support their communications and informa-
tion processing equipment now under de-
velopment. 
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Flat c.r.t from Sinclair 
Clive Sinclair of Sinclair Research Ltd has re-
cently announced the successful development of 
a flat cathode ray tube which will be incorpo-
rated into a miniature t.v. set. The set will 
include v.h.f./f.m. radio and may be switched to 
most international t.v. standards, making it of 
universal use. 

The Sinclair tube measures about 4 x 2 x 3/4  
in. and is three times brighter, requires between 
one quarter and a tenth of the power and is half 
the volume of a conventional c.r.t. with the 
same size screen. It is assembled from just two 
sheets of glass, a flat front plate and a vacuum-
formed backing plate. The phosphor screen is 
coated on the inside of the backing plate and is 
viewed through. the front face from the same 

side that the electrons strike. This gives a 
brightness of more than double that of a conven-
tional c.r.t. with the same beam energy. In 
addition to the horizontal and vertical deflection 
plates there is a third set between the phosphor 
screen and the front face to bend the electron 
beam on to the screen. 

To correct for distortion the screen height is 
reduced by as much as half while the width is 
kept constant. This narrows the angle 
subtended by the electron beam and the picture 
height is restored optically by using a horizontal 
Fresnel lens to give an effective picture size with 
a 3 in. diagonal. Other distortion is eliminated 
by careful attention to the modulation applied to 
the deflection plates. 

The tube has been produced in Sinclair's pilot 
production plant at St Ives, Cambridge but it 
has just been announced that a full production 
plant is to be commissioned in Dundee by the 
Timex Corporation. Timex were awarded the 
contract by Sinclair because of their expertise in 
automatic production. It is expected that at the 
end of the first phase the capacity will exist to 
produce the tubes at the rate of a million a year. 

The Microvision t.v. set which will incorpo-
rate the tube is also to be produced by Timex 
and should be on the market by mid-1982. Al-
though the exterior design of the set has not 
been completed, some design models have been 
produced to show that the set will be about 6 x 
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4 x 1 in. or about the size of a paperback book. 
It will retail for about £50. 
Further developments for the tube depend 

upon the extremely high brightnessrwhich may 
be achieved. This leads to its suitability for use 
in projection systems. A monitor for the Sinclair 
personal computer is high on the applications 
list, as is a colour projection t.v. which would 
incorporate three of the tubes and the associated 
electronics in a projector about the size of a shoe 
box to produce a picture on a wall screen with a 
50 M. diagonal. 

Electronics bosses disagree on industry's priorities 
Opposing views on the future of the 'British 
electronics industry were expressed recently by 
two of its prominent figures, Mr Ernest Harri-
son, chairman and chief executive of Racal, and 
Mr Frank Chorley, deputy chairman and man-
aging director of Plessey Electronic Systems. 
Mr Harrison believes that rationalisation will be 
necessary in the UK industry to meet foreign 
competition effectively. In a speech to 
stockbrokers, industrialists and financial jour-
nalists he said: "If we are to survive as a nation 
in professional electronics, or indeed in any of 
the electronics industries, we have got to do 
something about our resources and getting to-
gether. We are going to face in the 'eighties the 
might of Japan and America and these two 
countries are determined to dominate the world. 
They spend huge sums on research and de-
velopment the like of which we cannot 
imagine. . . . The competition is going to be 
intense and it cannot be avoided". Referring to 
the rationalisation that had already taken place 
— Racal taking over Decca and Thorn taking 
over EMI — Mr Harrison claimed that "many 
more people now agree with what I have been 
saying for a long time". 
One exception, however, is Frank Chorley. 

"I certainly don't agree with Ernie on that," he 
said, in reply to a question at a press lunch. "It's 
a good idea to scrap it out, because it makes us 
all more efficient." Companies in the UK indus-
try were well able to look after themselves. Ra-
cal, Marconi and Plessey were all highly 
successful, though they were perhaps not good 
in all areas. There was no benefit to .be gained 
by bringing them together. 
A further difference of attitude emerged on 

the two companies' involvement in military 
electronics. Despite the fact that a large propor-
tion of Racal's business has always been in this 
field (about 38% recently), and is likely to con-
tinue so with the acquisition of Decca, Mr Har-
rison declared: "We are too much in Defence. 

This is much too large a proportion of our total 
business. What about the many applications for 
electronics in the old manufacturing industries 
in the UK? Who's going to do them?" He gave 
one example a a civil application which was 
fairly new to Racal — electronic funds transfer. 
A new company was doing a lot of development 
in this area and it had a good product but things 
were moving slowly because "the banks cannot 
make their minds up". 
Mr Chorley's attitude about his own com-

pany, however, was that "The Defence industry 
is very successful in the UK. From time to time 
Socialist MPs have complained to me that we 

ought to make calculators and other such pro-
ducts, but we have got to do what we are good 
at. We have got to exploit the market that al-
ready exists for us. The UK has a significant 
lead in this field — so why not exploit it?" 
One matter on which both men were agreed 

was that the UK electronics industry should be 
supported by the government. Referring to the 
billions of pounds that the present administra-
tion is now pouring into steel and motor cars, 
Mr Harrison commented enviously "Just 
imagine what you could do in this business if 
you were given a billion pounds to invest in 
electronic projects". 

Fourth TV channel signal monitoring 
The quality of the transmitted signal of the new 
fourth television network due to go into service 
in the autumn of 1982 (News, January issue) 
will be monitored by automatic equipment. In-
struments will be provided for the complete 
network of main stations. Each of these is under 
the supervision of a station controller which in 
turn is linked back to a computer at a regional 
operations centre. The automatic monitoring 
equipment, based on a Marconi Instruments 

insertion signal analyser, operates under soft-
ware control. All parameters important in the 
maintenance of picture quality can be moni-
tored and the results .compared with limits 
stored in the equipment. Warnings can then be 
given and executive action taken if any parame-
ter falls outside its defined limits. 
The monitoring equipment is being provided 

for the IBA by Marconi Instruments under a 
contract worth over £500,000. 

Alternatives for society - 
Appropriate technology, community commu-
nications, alternatives to nuclear energy and 
self-regulating education are among the alterna-
tives to existing centralized institutions to be 
discussed in 30 small forums at the First Assem-
bly of the Fourth World, London, July 29-31. 
According to its convener, John Papworth, 
"Human survival now depen ds on the swiftness 
with which our political, social and economic 
institutions can be made small enough for them 
to be manageable and more adequately respon-
-ive to human control." The education forum 
.1 be guided by Dr K. L. Smith of the 

Electronics Laboratories, University of Kent at 
Canterbury. Details from Fourth World, 24 
Abercom Place, London NW8 (tel: 01-286 
4366). 

More news from Sinclair 
To be launched at the Microsystems '81 exhibi-
tion is a new Sinclair personal computer. It will 
incorporate a new, British, custom-built master 
chip, have a 'significantly higher specification' 
than the successful ZX80 and yet will be mar-
keted at a 'substantially reduced price'. Details 
are also to be announced of a low cost printer 
and supporting software libraries. 

Detecting drivers' behaviour 
An electronic indicator which can be laid simply 
and quickly on a road surface to spot faulty 
driving has been developed by engineers and 
psychologists working in the School of Automo-
tive Studies at the Cranfield Institute of Tech-
nology. 
Although its most obvious use is to alert 

police to drivers who are drink-impaired, the 
Speed and Alignment Indicator can also be used 
to monitor speed alone. It could play a part in 
studies of driver behaviour too — a field in 
which there are many opinions, much specu-
lation, but few certain ways of finding out preci-
sely how drivers drive their cars. 
When laid on the road the indicator looks like 

the rubber tubing used to count passing 
vehicles. Two tubes are laid parallel to one 
another across the carriageway and six feet 
apart. Beyond them is another set of tubes ar-
ranged like an arrowhead pointing in the same 
direction as the traffic flow. Each tube has a 
transducer which converts the pressure of 
vehicle wheels passing over them into an 
electronic signal to a micro-computer by the 
roadside. The micro converts the signals into 
the speed of the vehicle and its alignment on the 
'road. 

Alignment detector 

Road 

Vehicle speed is computed from the interval 
in time between the wheels passing over each of 
the two parallel tubes. Alignment is computed 
by the driver first of all driving along a straight 

line laid up the centre of the carriageway. This 
line ends at the arrow's tip, from which two 
rubber arms slope away — the shape of an 
arrowhead. If the driver has aligned the two 
arms of 'the arrowhead simultaneously. If one 
wheel strikes its arm ahead of the other, the 
vehicle must be off the centre line. 
The micro-computer is both 'Intelligent' and 

versatile, making a decision in milliseconds on 
whether a driver has passed or failed each of the 
two tests set by the operator. He/she can pre-' 
programme the device with the speed limit of 
the road and can also decide on the margin of 
error allowed- to a driver on the alignment test. 
British or metric units can be chosen and the 
indicator will give separate decisions on speed 
and alignment. The micro's decisions are 
flashed on a screen in front of the operator as 
'pass ' or fail' together with the figures for speed 
and the number of inches or centimetres by 
which the car is veering from the centre line. 
The decisions are also printed out, and a 
warning buzzer sounds when the error limits are 
exceeded. The indicator can be set to record 
every vehicle passing, or it can print out for 
failures only — whichever mode the operator 
chooses. 
The equipment is compact and easy to use. It 

can be carried round in the smallest of cars. The 
Speed and Alignment Indicator is a prototype 
only at the moment, but it can be made and 
marketed easily if there is a demand for it. If 
police forces were interested in using it, the 
indicator could be set up on a road with a 
warning sign telling motorists that they were 
about to be tested. Drivers would then align 
with the guide line to the arrowhead and drive 
along it: if the indicator showed a driver to be 

out of alignment he could be stopped further 
down the road and asked to take a breath test. 
At the moment police can stop a motorist and 

test him if they have 'reason to believe' he might 
have drunk too much alcohol, but there is no 
objective test of this and motorists have always 
opposed random testing. 
The indicator could also be used to study 

driver behaviour by being set up to show, for 
example, how people take corners, road posi-
tion, etc. There is no objective, accurate and' 
easy, way of obtaining this information at the 
moment. 

C.b. to become 
legal with f.m. 

Mr William Whitelaw, the Home Secretary, has 
announced that Citizen's Band, officially still 
known' as Open Channel, radio is likely to be-
come legal in the autumn of 1981. Two wave-
bands are to be allocated, 27MHz and 930MHz 
both to be frequency modulated. Amplitude 
modulation is to remain illegal and f.m. oopera-
tors will require a licence. No details are avail-
able as to the maximum permissible signal 
strength or the number of channels but a draft 
specification will be issued to potential manu-
facturers. 
The European Communities Commission is 

attempting to produce a harmonised su of tech-
nical regulations covering c.b. sets and are 
studying French proposals for a 27MHz service 
with a maximum strength .of two watts and 
fewer than 22 channels. 
Wireless World will be publishing a series of 

constructional articles for those wishing to build 
a c.b. set. 

Approval and dis-approval for telephones 
Although, under the policies of the present Gov-
ernment, British Telecom is to lose its mono-
. poly of providing telephones and other attach-
ments for use on telephone lines, it is very much 
concerned that there will not be a free-for-all. At 
present the only equipment permitted is that 
certified by British Telecom as suitable for use 
as an attachment. This ensures that the equip-
ment is technically compatible with the British 

network; it presents a minimal risk of injuring 
people or damaging the system; it does not in-
terfere with other customers' use of the net-
work; and it is correctly connected, to help in 
diagnosing faults. Even when British Telecom 
lose the monopoly, they will still be the sole 
supplier of the first telephone connected to the 
exchange line entering a person's home or 
office, under new arrangements proposed by the 

Government. Certification of the suitability of 
attachments will continue but will be no longer 
carried out by British Telecom but by an inde-
pendent Government approved body which will 
establish and publish standards for privately 
supplied attachments and then test and certify 
that the attachments conform to the standards. 
British Telecom warns that most telephone 

equipment now on sale in shops and department 
stores is not specially designed or modified for 
use on the British network, despite various 
claims that it 'meets British Post Office stan-
dards'. It is nearly all made and designed for use 
abroad. If connected to the British network, it 
may not work properly. Phones designed for 
overseas use are frequently insufficiently sen-
sitive for satisfactory operation on all lines in the 
U.K. Mains-powered equipment can be electri-
cally unsafe. Not only do the owners of such 
equipment suffer, but also the callers whoset 
calls are made inneffective if the apparatus does 
not respond correctly, or gives poor quality re-
ception. British Telecom are threatening, re-
gretfully, to disconnect the telephone lines of 
customers who persist in using uncertified 
equipment. 
To counter the sales of such Illicit phones, 

British Telecom are continuing their pro-
gramme of offering a wider range of telephones 
to be supplied direct to the customer. Two addi-
tions to the range are illustrated. On the left is 
Dawn. Intended for the boudoir, it has a low, 
sculptured profile on a circular base and is avail-
able in pale yellow, avocado green and white. 
The one-piece Eiger telephone, with a press-
button keypad, includes a memory to store the 
last number called. It can call again automat-
ically, if required to. The colours are more busi-
ness-like; red, stone or two-tone brown. 
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GIEMUUIIT 
Divide by (2n-1) 
Fig. 1(a) shows a divide-by-(2n-1) circuit 
which generates an equal mark-to-space 
ratio output if a divide-by-2 circuit is used 
in the final stage as shown in Fig. 1(b). 
With this arrangement, a divide-by-
(n— 1/2) output is available from the di-
vide-by-n counter, but not with an equal 
mark-to-space ratio. Fig. 2 shows a divide-
by-3 circuit, based on Fig. 1, where the 
divide-by-4 counter is clocked by a posi-
tive edge of the input waveform and then 
by a negative edge. During one complete 
output cycle the divide-by-4 counter re-
ceives four clocking pulses for three cycles 
of the input waveform. A divide-by-
(n— 1/2), i.e. divide-by-1 1/2 , output is avail-
able from QA. 
With the basic circuit of Fig. 1(a) it is 

easy to build other odd value counters by 
inserting the desired divide-by-2n circuit. 
Also, by combining divide-by-(2n —1) and 
divide-by-2n circuits, a counter can be de-
signed to divide by any value of (2n-1). 
Some examples are shown in Fig. 3. Note 
that inputs and outputs between the 
various exclusive-OR gates must be 
separated by a counter. 
A. J. Ewins 
Harrow 
Middx 

08  I 

Fig 2 ( b) Waveforms of divide-by- 3 circuit 
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Pre-amp with 
multisection tone 
control 
The input stage of this preamp, which 
originates from a studio mixer, will handle 
signal levels from 500µV to 5V r.m.s. For 
optimum performance the preset control 
should feed 5mV to Tr2 which, with A1, 
amplifies the signal to 3V r.m.s. The filters 
around gyrators A3 to A7 provide low-im-
pedance paths to ground for five frequency 
bands, and attenuation or gain for these 
bands is achieved by controlling the low-
impedance paths towards the voltage di-
viders around A2. Balancing the filter po-
tentiometers gives unity gain at A2 because 
the input and feedback voltage-dividing 
networks cancel each other. The open-loop 
gain of the op-amps detèrmines the maxi-
mum number of gyrators that can be used. 
At 15kHz the paralleled gyrator series re-
sistors, 1801-1 and 330i1, which are boot 
strapped by the open-loop gain, should 
still be greater than the divider source im-
pedances, 2k7, and prevent unexpected 
dips or peaks at high frequencies. 
H. Riegstra 
Amsterdam 
Holland 

One-shot control of immersion heaters 
A conventional immersion heater requires 
two operations, switching on and later 
switching off. Although simple, the second 
step is inconvenient and costly if forgotten. 
This simple circuit is easy to install and 
obviates the need to manually switch off 
the heater. A relay forms a one-shot mo-
nostable which is thermally rather than 
electrically controlled. A trigger is pro-
vided by the start button which energizes 
the relay coil, and the heater is powered 
until the thermostat cuts out and de-ener-

gizes the coil. Water temperature, and 
therefore the duration of the on period, 
can be adjusted via the thermostat setting. 
Apart from the relay connections, only one 
extra low-current wire is required between 
the start button and the thermostat. 
This circuit can also be used to isolate 

equipmeiw from the mains after a power 
failure. 
S. Ho and 
D. Wibberley 
Manchester 
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Power supply with stable current limit 

One problem with power supply current 
limits, which use the VBE drop of a tran-
sistor, is their drift with temperature varia-
tion. A simple solution is to use a program-
mable Zener diode for current sensing, 
which offers less than 50 p.p.m./°C varia-
tion in Vref. In the circuit shown 

/limit — Rs, 

Vref—  a Vref 

When the voltage at the R terminal of 
TL431 switches it on, base drive for the 
output transistors is removed and the out-
put current is limited. However, if the 
output terminals are shorted, the TL431 is 
turned on but the voltage across it is 2.5V. 
Therefore, to take the output voltage to 
zero, V, is required which can be any low 
voltage Zener diode above 2V. 
M. S. Suresh 
Bangalore 
India 

Ref 

+ 723 
1k 

SL100 

11431 

• 
Sc 

2N3055 

Output 

Set voltage 

 II Set current aV'ref limit 

"Test your knowledge 
Answers to the December issue multiple-choice quiz 

None of the entries received for Test Your 
Knowledge was completely correct, and 
the best entries had at least three of the 
answers wrong. That was one result of the 
quiz compiled by R. W. Ellingham and B. 
L. Hart and published in last December's 
issue. The stiff test was based on 40 ques-
tions, each with multiple answers, given to 
electronics students at the North East 
London Polytechnic. We offered prizes of 
Circuit Designs 3 or a subscription to 
Wireless World for ten correct entries 
opened after 5 January for UK readers and 
2 March for overseas. 
The answers provided by the authors are 

given in the panel. As almost all entrants 
gave the incorrect answers to questions 3, 
24 and 34 (no-one got this last right), here 
are their solutions. 
Question 3. The assertion is not true. A 
bipolar junction transistor comprises two 
p-n junctions both of which are forward 
biased when the device is saturated. By 
suitable biasing it is possible to arrange for 
the two junction drops to be equal in mag-
nitude.' 
The reason is a true statement. Opera-

tion of the b.j.t. depends on the existence 
of both electrons and holes. Therefore (d) 
is the correct answer. Most thought (b). 

vi 

Question 24. See diagram. For neutraliza-
tion II = 0 when y 1 = 0. 

ni 
.•. yuyo = 

n2 

Y= — • Y12 
ni 

= —2(—j0.2) = j0.4mS  (d) 

Question 34. Upper trip level corresponds 
to the level at which the comparator 
switches for a positive-going input. As-
suming Vo = —12V. the p.d. across the 
8k11 resistor keeps the + input of the 
comparator below +4V, hence the output 
stays at —12V, until ig increases to 
ig = ( + 4 — ( —8))V/8kfl, which is 1.5mA, 
so (b) is correct, but everyone gave (c). 
About half the entrants gave incorrect 

choices for questions 8, 9, 18, 36 and 37. 
In Q8, I is ((I ,11b)+1)Ib = 110mA and in 
09 zener current varies between lmA 
(/b = 9mA) and 10mA so the mean dissi-
pation is 5V x 5.5mA. In Q18, the solution 
is found by equating the increase and de-
crease in charge first across the input C, to 
give y = —E13 then across the output C to 
give E0 = Mv13. Those who got Q36 
wrong gave (e) as the answer but the cor-
rect frequency is 50kHz. The period is 
obtained from 2 x (CA VII), due to current 
mirror action, giving 50kHz. Most en-
trants realised that the 150F-Hz printed for 
(d) was intended to read 50kHz. The 
minimum frequency, Q37, is one tenth of 
that. 
Other answers were less frequently 

wrong, but more consistently so. In the 
answers to question 11, emitter current 

was invariably given where collector cur-
rent wasn't. For question 23, it appears 
that the transformation ratio was taken to 
be the-square of Xci/Xc2 rather than (Xci 
+ Xc2)/Xc2. As the amplifier of question 
27 is matched to the source, actual noise 
power is twice the ideal noise power. That 
makes the noise figure 3dB, not OdB. 
The Thé venin equivalent circuit is 

needed for question 33. For V. to be high, 
the + input at the comparator must be 
more positive than —1V. This means 

R2 ((1 0/3)+2) 
>1, 

R2 + (R1/3) 

from which the answer follows. 
Only a few got question 22 wrong, but 

one that did, Jeffrey Borish of Santa Clara, 
California, wrote to correct his answer say-
ing the question could be a "deliciously 
wicked trick," depending on whether 
c.m.r.r. was taken for the differential or 
single-ended output. 
At the time of going to press the cut-off 

date for overseas readers hadn't been 
reached but prizes for the best UK entries 
have already been despatched. 

Answers to 
Test Your Knowledge 
1  C  11 
2  B  12 
3  D  13 
4  B  14 
5  B  15 
6  C  16 
7  C  17 
8  C  18 
9  C  19 
10  E  20 

D 
E 
A 

D 
E 
D 

E 
A 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

D 

D 
A 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

D 

D(50kHz) 
A 

D 

Radio observation of the 
'active' sun 

Solar effects on propagation recorded on home-made apparatus 

by R. A. Ham 

Since 1968 the author has used a 
simple radio telescope constantly to 
monitor the effects of solar activity on 
radio frequencies. This article is a brief 
history of sunspotters followed by a 
chronicle of solar events and outlines 
of the equipment used to make the 
recordings. 

Until the advent of radio it was not realized 
that the sun, and indeed other stars, 
emitted radio waves. However, suspicions 
were aroused very early in radio's history 
as Sir Oliver Lodge tried to detect radio 
waves from the sun using a receiver with a 
coherer detector, and the eitor of the 
Scientific American called updn radio en-
thusiasts to listen carefully during the total 
eclipse of the sun on 24 January 1925 and 
report any strange happenings to radio 
signals. 

Short-wave bands 
Throughout the pioneering days of the 
short-wave bands for. broadcasting both 
amateurs and professionals were trying to 
explain why the propagation of radio sig-
nals varied between day and night and was 
often subject to echoing, fading and sud-
den blackouts. 
Scientists such as Oliver Heaviside, 

Arthur Kennelly and Professor (later Sir) 
Edward Appleton had shown how the exis-
tence and structure of the ionosphere re-
flected short-wave signals around the 
world. But as more evidence was gathered 
by astronomers, physicists and radio engi-
neers it was soon realized that streams of 
particles from a solar event, Fig. 1, could 
disrupt the prevailing state of the iono-
sphere and consequently upset the normal 
paths of terrestrial radio signals. 

Solar radio astronomy 
Signs of radio being used as an astro-
nomer's tool date back at least to 1935 
when Karl Jansky first detected radio 
waves coming from the suns in the Milky 
Way. Later in the same year Denis Height-
man heard a hissing noise in the 10m band 
which was later confirmed as being caused 
by radio waves coming from a solar event. 
Between 1936 and 1939 this same noise 
was reported by no less than 24 amateurs 
using the same frequency, and by Miss 
Barbara Dunn while using a frequency of 
56MHz. 
Early in 1942 British wartime operators 

using similar frequencies recorded an 

0110 00.111 1 

inoll1111111111111e 
Fig. 1. Solar prominence photographed 
from the 'spectroheliograph'by Cmdr 
Hatfield on 10 February 1976. 

extraordinarily high level of noise which 
was also found to be the result of a large 
sunspot group and soon after the war re-
search into solar radio waves and their 
effects on radio was stepped up. 

Simple radio telescope 
Having heard the effects of solar noise, the 
author decided to build a simple radio 
telescope*, to find out more about the 
àctive' sun and its effects on terrestrial 
radio communications. The radio waves 
from the sun at 143MHz are collected by 
four 4-element yagis mounted on a wire 
mesh reflector, Fig. 2, which has a head 
amplifier mounted on its frame. The am-
plified signal passes along a coaxial cable to 
a 2m converter, where the observational 
frequency, having being changed to 
27MHz, is tuned on an FRG-7 commu-
nications receiver which in turn drives a 

* The author's radio telescope was featured in 'Tomor-
row's World' by the BBC and in a scientific film made 
by Yorkshire Television and networked by the IBA. 

Fig. 2. Four 4-element ya gis used to collect radio waves from the sun. 
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of the more memorable 
3 July 1974 in which 
was sent off the 

Fig. 7. The spectrohelioscope. A mirror (top centre) follows the sun and reflects light 
towards the second unit (bottom right) which in turn passes through the garden room 
door off to the left via the lens housing (bottom left). 

d.c. amplifier and pen recorder. 
This instrument, although originally 

using a slightly different frequency and 
receiver, was brought into operation in 
1968 and has operated for three hours daily 
ever since. Using a chart recording speed 
of 7cm/h, short-lived solar bursts are easily 
identifiable. 

Sunspots -briefly 
When a long-life sunspot, or group of 
sunspots, appears on the east-limb of the 
sun it can be visible for about 13 days 
before leaving on the western limb. The 
sunspots themselves are stationary but, be-
cause the sun revolves once every 27 days, 
they appear to move across the surface. 
Constant observations have shown that 

when sunspots are present there are two 
main features of the associated solar r.f. 
noise, the individual burst, Fig. 3, which 
;lay last for several minutes, and the con-
tinuous noise storm which may last for 
days, Fig. 4. These radio waves are often 
generated by solar flares or prominences, 
Fig. 1, but the nuclear waste ejected by the 
event can take up to 50 hours before it 
reaches the earth and causes some form of 
atmospheric disturbance. 

Sunspot cycle No. 20 
The author's observations began on the 
rising side of sunspot cycle No. 20 (1965 to 
1976 approx.) in June 1968. After a quiet 
start, a large burst of activity from a group 
of sunspots on 13 August and a noise storm 
from the 18th to 21st were recorded. 
Another period of quiet ended on 17 Octo-
ber with a 5-minute burst from a period of 
solar activity which lasted until 4 No-
vember. The main feature of this event 
was a noise storm which began on the 29th 
and ended on 1 November: shortly after 
its termination an aurbra borealis mani-
fested and deflected v.h.f. signals from 
amateur radio stations in northern Eng-
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land, Northern Ireland and Scotland to-
wards the south of England, proving to the 
author the connection between the 'active' 
sun and terrestrial radio disturbance. 
The number of days on which solar 

noise was recorded increased towards a 
peak in 1971 and then decreased until the 
new cycle began, Fig. 5. One of the largest 
noise storms recorded began on 11 No-
vember 1970 and raged until the 22nd, 
during which time the solar-noise level was , 
apparently constant as the output from the 
fixed azimuth aerial increased daily as a 
large sunspot group approached central 
meridian and gradually decreased 
thereafter. • 
This was an example of following the 

rotation of the sun using radio. The tele-
scope's recording pen was at full scale 
throughout the observations on the 15th 
and 16th, which was not surprising because 
the Daily Telegraph newspaper reported on 
17 November that there were four separate 
sunspot groups at the time and the biggest 
passed through the central meridian on the 
16th. This solar event upset h.f. commu-
nications and one unusual feature was the 
high atmospheric noise level that was 
heard on the h.f. bands after sunset. 
Another major storm, associated with a 
large sunspot group between 3 and 13 
March 1972 was the subject of a special 
report to the British Astronomical Associa-
tion (BAAJ June '72) with a special em-
phasis on the flares which were recorded 
by radio on the 5th. 
Of the many individual bursts recorded 

during the past decade, a large solar burst 
at around 08.35hr on 3 July 1974 was the 
most memorable. The telescope had been 
recording the radio waves from a severe 
noise storm on the two previous days so 
the author decided to check the rising sun 
by using a 2m beam and some auxiliary 
equipment. Suddenly the noise increased 
at 136MHz and other receivers in use at 
the time emitted noise at 70.5 and 30MHz. 
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At this point a communications receiver 
and a long-wire aerial were used to follow 
the noise and for six minutes it over-
powered all terrestrial signals down to 
8MHz before it slowly faded away back to 
136MHz, Fig.6. Solar noise was also heard 
at 28.5 and 70MHz on 3, 6 and 28 July. 
At 07.45hr on 22 August 1976 strong 

bursts of solar noise were heard at 28MHz 
and later at 11.58hr while the author was 
using a low-band mobile radiotelephone 
another big burst occurred and blotted out 
the channel for 16 minutes. This burst was 
also recorded by the author's radio-tele-
scope at 136MHz. 
The sun often produces the unexpected 

and having been quiet, apart from two tiny 
bursts, for 18 days it suddenly emitted a 28 
minute burst which covered 50MHz of the 
v.h.f. spectrum at 13.16hr on 29 July 
1973. Another notable burst began on 1 
August at 11.46hr and for eight minutes 
the solar noise was strong enough to 

Fig. 8. The yagi used in conjunction with 
the spectrohelioscope. 

Recorded noise storms of 1971 

7 to 14 and 19 to 23 Jan. 
28 Jan. to 3 Feb. 
10 to 17 Apr. 
9 to 12 May. 
14 to 19 and 24 to 28 Jul. 
18 to 26 Aug. 
16 to 19 Nov. 
4 to 9 Dec. 

overpower static from a local thunder-
storm. 

Auroral observations 
Briefly, an aurora manifests when a stream 
of particles from the sun collides with the 
gases of the earth's polar atmosphere caus-
ing a temporary ionisation which affects 
terrestrial radio signals. An auroral re-
flected signal can be identified by the fol-
lowing characteristics: an s.s.b. transmis-
sion sounds like a ghostly whisper, a c.w. 
signal becomes a low-pitched rasp and the 
main image on a television screen is accom-
panied by many distorted images, all fre-
quently changing as the aurora ebbs and 
flows. Throughout the past decade Mr C. 
Newton, Auroral Co-ordinator for the 
RSGB, has organized a large network of 
radio amateurs who monitor the effects of 
signals bouncing off aurora. 
Following a period of large solar bursts 

an aurora manifested in two phases on 8 

Fig. 9. Sunspots photographed at 14.50hr 
on 11 February 1978. 

Fig. 11. Solar activity near sunspots 
recorded on 3 May 1978. 
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March 1970. During the first phase, 16.00 
to 16.47hr, auroral signals were heard in 
southern England from amateur stations 
located in parts of Ireland, Scotland, 
Wales and Holland in the 2m band. The 
second phase, 18.15hr to 23.30hr, was 
more intense and auroral signals from 
many east-European broadcast stations 
operating between 65 and 73 MHz were 
received in addition to the amateur stations 
heard during the first phase. 
A large sunspot group was responsible 

for the noise storm which began on 2 
August 1972 and became very intense on 
the 3rd. At sunrise on the 4th the solar 
noise was heard at several radio frequen-
cies and by mid-day it had reached large 
proportions. It was not surprising that 
from midnight on the 4th until about 
03.00hr on the 5th a spectacular aurora 
manifested which not only had an um-
brella effect on v.h.f. radio signals, but its 
full glory was visible from southern-Eng-

Fig 10. Clouds oigas from an active region 
of the sun. 

Fig. 12. Sunspots and solar activity 
from 25 May 1978. 
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land. Although less intense, the prevailing 
solar storm continued through the 5th, 6th 
and 7th. At 15.00hr on the 5th another 
aurora manifested but this time it could 
only be 'seen' by radio. Without radio both 
these events may have gone by unre-
corded, the first could have been screened 
by cloudy skies and the second was 
obscured by daylight. 
A special watch was kept on the 4m 

band during the solar activity from 28 
March to 2 April 1973. At 16.00hr on the 
1st observers in southern England were 
rewarded with auroral reflected signals 
from the Polish broadcast station at 
Gdansk, 70.31 MHz, and during the fol-
lowing hour auroral signals from 14 
European broadcast stations were heard 
between 49 and 71 MHz. 
The auroral events on 15 September and 

13 October 1974 were expected because of 
the prevailing solar activity around these 
two dates. The September event lasted 
most of the afternoon and evening and 
although the October aurora was much 
shorter, 14.00hr to 17.15hr, the first 
warning came earlier as signals from the 
OSCAR-6 satellite crossing the north-pole 
were affected by the aurora. 
At 08.41hr on 23 March 1976 a large 

solar burst was also recorded by the radio-
telescope which Cmdr Henry Hatfield uses 
at his home in Kent in conjunction with a 
spectrohelioscope. At noon, Cmdr Hat-
field noted that one of the legs of an arched 
prominence on the east-limb of the sun 
was very bright, indicating the presence of 
a new sunspot. This spot later proved to be 
very active because from 24 March to 1 
April a solar noise storm was recorded and 
auroral propagation was reported during 
the afternoons of 26 March, 1 and 3 April. 

The spectrohelioscope 
By the beginning of sunspot cycle 21 Cmdr 
Hatfield, with his spectrohelioscopet, had 
introduced another tool for the study of 
solar activity. This instrument consists of 
two wave collectors, one a mirror, Fig. 7, 
and the other a 4-element yagi aerial, Fig. 
8, which both follow the path of the sun. 
The sunlight is passed through a series of 
mirrors and lenses to an observatory in the 
garden room below the house. At the same 
time radio waves collected by the yagi are 
I fed to a radio telescope in the same room. 
The output stage of the radio telescope 

amplifier is used to drive an alarm bell 
1when solar bursts are detected. 

Sunspot cycle No. 21 
It is understood that cycle 21 began in 
1976 when sunspots of the new cycle were 
seen along the tail enders of cycle 20. From 
the author's observation cycle 21 got off to 
a slow start because solar radio noise was 
only recorded on 47 days out of 304 be-
tween 1 November 1976 and 31 August 
1977. A marked increase in the daily rate 
of noise began in September 1977 and was 
still high at the end of July 1978. Out of 

t Cmdr. Hatfield's spectrohelioscope was the subject 
of the BBC television programme 'The Sky at Night'. 

the 212 days from 1 January to 31 July 
solar noise was recorded on 108 days com-
pared with 34 for the same period in 1977, 
35 days in 1976, 34 days in 1975 and 
around 124 days for the same period in the 
peak year, 1971. From present records 
1978 appears to be the peak year, Fig. 5, 
of cycle 21 therefore it is worth taking a 
more detailed look at some of the special 
events which took place. 
On 11 February 1978 the first clear sky 

for several days enabled Cmdr Hatfield to 
use his spectrohelioscope and in view of 
the high level of radio noise which had 
been coming from the sun on previous 
days he was not surprised to see some large 
sunspots. At 14.25hr he watched an explo-
sion take place near the upper sunspot in 
Fig. 9 and soon after recorded a massive 
six minute long burst of radio noise at 
136MHz. On 6 March at 12.31hr Cmdr 
Hatfield managed to photograph the solar 
activity, Fig. 10, responsible for the noise 
storm which was in progress using the 
spectrohelioscope. 
Around 12.00hr on 9 jpril a burst of 

radio noise lasting six minutes was heard 
sweeping across the spectrum from 1.8 on 
144MHz and during the severe noise storm 
from the 14th to the 17th, solar bursts 
were frequently heard at 28.5 and 
136MHz. The sun was relatively quiet 
from the 19th to 27th when suddenly at 
13.29hr on the 28th an enormous burst of 
noise lasting 32 minutes occurred which 
almost instantaneously blacked out the h.f. 
bands for a couple of hours. Some 50 hours 
later during the afternoon of the 30th an 
aurora took place which, with the help of 
another noise storm on 1 May, rolled 
around until the early hours of the 4th, 
Fig. 11. On 25 May Cmdr Hatfield again 
photographed solar activity around a 
group of sunspots, Fig. 12, which was 
causing a radio noise storm and it is pos-
sible that these spots were responsible for 
the solar flare at 10.45hr on 31 May and 
the sudden ionospheric disturbance that 
went with it. 
Records show that aurora and/or mono-

spheric disturbance occurred during solar 
noise storms which manifested on six days 
in September, 10 in October, eight in De-
cember 1977, seven in January, 19 in Feb-
ruary, six in March, five in April, six in 
May, five in June, six in July 1978, two in 
April, five in August 1979 and nine in 
April 1980. After 12 years of consistent 
observation the author has come to the 
conclusion that the 'active' sun is very 
unpredictable. 

Transient intermodulation 
distortion 

We are sorry that the tutorial article on transient 
intermodulation distortion intended for this 
issue (see note in March issue p. 1) has had to be 
postponed. We hope to be able to go ahead with 
it later this year. 
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Literature 
received 
Mallory alkaline and mercury batteries, and 
Multiplex NiCad rechargeable types are des-
cribed in a leaflet from Intel Electronic Compo-
nents Ltd, Henlow Trading Estate, Henlow, 
Beds.  WW401 

Brochure on Controlox, a multi-plane, plug-
board programming system can be obtained 
from Oxley Developments Company Ltd, 
Priory Park, Ulverston, Cumbria LA12 9QG. 
Controlox is individually designed to undertake 
multi-programme circuit switching or sequenc-
ing.  WW402 

Data recorders SR-30 and SR-50 by TEAC are 
sold and serviced in the UK by International 
Recorders Ltd, 92 High Street, Berkhamsted, 
Herts. HP4 2BL, who can provide a brochure 
on these 7- and 14-channel instruments. ww40a  

Toroidal transformers in the OT series are 
based on stock core sizes to reduce manufactur-
ing time and reduce costs. These custom-built 
units are described in a leaflet by Avel-Lindberg 
Ltd, South Ockenden, Essex RM15 5TD. 

WW404 

The use of the input 1.e.ds of an optical isolator 
to protect the inputs of an operational amplifier 
is described in a design note from Norbain 
Electro-Optics Ltd, Norbain House, Arkwright 
Road, Reading, Berks. RG2 OLT.  WW405 

Ancom's range of temperature measuring sen-
sors and assemblies are illustrated and charac-
terized in a leaflet, which can be obtained from 
Ancom Ltd, Devonshire Street, Cheltenham 
GL50 3LT.  WW406 

Unilab, makers of science teaching equipment, - 
produce a set of booklets on the use of their 
equipment which can also be used in their own 
right as experimenter's guides. A variety of 
subjects in physics is covered; microwaves, 
microelectronics, geophysics, for example, the 
booklets costing, on the average, around £1.50. 
A list of Ǹotes for Use' can be had from Unilab 
Ltd, Clarendon Road, Blackburn BB1 9TA. 

WW407 

More on active 
cross-over networks 
continued from page 43 
ricated absorber boxes may provide an im-
provement. These involve membranes of 
bituminous roofing felt with mineral wool 
in hardboard panels 15 cm deep, the sound 
entering through perforated fronts with 4 
mm holes on a 4 cm grid, and approxi-
mately 1 m square for the overall panel. 
The panels, of which several could be 
needed, are normally mounted on battens 
attached to the wall and ceiling. This is 
however a specialized subject involving 
reverberation time measurements and is a 
separate topic, discussed for example in 
BBC engineering division report 
RD1958/28, available in most university 
libraries or from the BBC for £1.50. 
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FIST MO 'En MS, IEMO2 
ARTIFICIAL 
INTELLIGENCE 
In your January issue Malcolm Peltu presents a 
spirited and cogent defence of artificial intelli-
gence as an important area of study. His al-
ready-strong case can be strengthened even 
further by the observation that a great deal of 
what is now presented as computer science has 
its origins in work carried out under the banner 
of artificial intelligence. 
The contribution of AI to computer science is 

perhaps most readily illustrated by reference to 
early work. The programming language LISP 
was devised by McCarthy and his group to aid 
their work in AI, and this has had a profound 
influence on computer science. The value of 
recursion in programming was clearly shown by 
McCarthy's work as well as by that of Newell, 
Shaw and Simon on their General Problem 
Solver. The LISP language is also a paradigm 
for all the other languages (including PASCAL 
and ALGOL 68) which allow the construction 
of trees and other special data structures. 
Chomsky's pioneering work on the formal re-
presentation of syntax was undoubtedly stimu-
lated by the attempts to make computer 
programs which would manipulate natural lan-
guage, whether for mechanical translation or 
question-answering systems. 
In more recent times, interest in distributed 

array processors has stemmed, at least in part, 
from the development of pattern recognition 
techniques and their potential application to 
specific tasks such as the automatic analysis of 
bubble-chamber photographs. The special pro-
gramming languages developed at MIT and re-
ferred to as "LISP extensions" certainly em-
body features which will fmd their way into 
future data-base schemes with applications in 
science and commerce. 
I am surprised that there now seems to be a 

tendency for computer scientists to dissociate 
themselves from AI. This is surely short-sighted 
in view of the fact that part of today's AI be-
comes tomorrow's computer science. 
A. M. Andrew 
Department of Cybernetics 
Universie of Reading 

MULTIPLEX KEYING 
FOR ORGANS 
With reference to the article "Multiplex keying 
system for organs" by A. W. Critchley in the 
January and February issues, may I draw your 
attention to the fact that this company has mar-
keted a multiplexing system for pipe organs for 
nearly four years. 
The system is applicable to organs of any size, 

transmitting all the organ facilities over a single 
coaxial pair between console and organ. The 
system includes the necessary correlation be-
tween stops, keyboards and pipes of all ranks at 
any pitch and between keyboards and couplers 
at any pitch, thus avoiding the need for multi-
contact relays and playing keys or the equivalent 
multiple gates. The customers' requirements 
are programmed into r.o.m., which controls the 
standardised modules. A solid-state piston cap-
ture system is also available. 
We also have a solid-state recording system 

which records some ten minutes or more of 
unrestricted organ playing in 32Kbytes of 
r.a.m. — a full performance of the well-known 
Widor Toccata uses just over the capacity. Tape 
back-up allows permanent retention of an un-
limited library, with a C60 cassette holding sev-
eral hours' playing time. 
The transmission system has been installed 

on many organs, large and small, throughout 
this country and has been exported to the USA 
and South Africa. 
L. W. Ellen 
Christie Music Transmission Systems Ltd 
Cole/tester 
Essex 

THE DEATH OF 
ELECTRIC CURRENT 
My thanks to Ivor Catt for giving me a good 
laugh at myself for nearly being duped. I read 
his article "The death of electric current" (De-
cember 1980 issue) carefully, and then came to 
the analogies. Memorable things analogies (wit-
ness that damned mutual impedance somewhere 
in the hot water system), but so dangerous. 
The theory C analogy succeeded in giving me 

a vivid picture of Catt's travelling wave packets 
going out into the world along what I used to 
think were insulators, but which I now see are 
the very opposite. But just a minute, isn't that 
the philosophical point from which I started: 
something travelling along the easiest path? It's 
just back to the wave-particle duality. They're 
in different places, that's all. I honestly don't 
know which to call correct and I should like to 
hear if Catt will swear that nothing that exists is 
a particle. The trouble with theoreticians is that 
they can begin to speak as if their self-consistent 
mathematics were the fact. OK Catt, your 
maths may be right, and I don't doubt that it is 
more helpful in your field of practical endea-
vour, but for me the AVO meter theory of 
electrical current has more deductive and 
predictive power. My money goes on Sprague, 
but when I need you, Catt, I'll gladly acknow-
ledge it. In the meantime please don't put me 
down as a fool because I tend to live my life 
close to one side of the duality only. (I never got • 
a shock from an insulator yet.) 
The reference to the phlogiston theory was a 

red herring; that was proved by experiment to 
be untenable. 
j. H.y. Dawson 
Amsterdam 
Netherlands 

The author replies: 
The duality (Theories N and H) inherent in 
classical electromagnetism is riot the same thing 
as wave-particle duality. (See for instance D. A. 
Bell, Wireless World Sept. 1980, page 50, first 
para.) As to "They're in different places, that's 
all," my reply is that the location of a thing is 
one of its most important characteristics. As to 
  nothing that exist$ is a particle," it 
depends what you mean by 'particle'. I have no 
sympathy for the billiard ball idea, and no sym-
pathy for the notion of wa*-particle duality. 
The idea of wave-particle dnality could prob-
ably only have been concocted by people who 
did not know Heaviside's ccincept of a slab of 
energy current, now called the Heaviside signal 

(see Wireless World, July 1979). In these particu-
lar matters my view coincides with Einstein's; 

 We all of us have some idea of what the 
basic axioms in physics will turn out to be. The 
quantum or the particle will surely not be amongst 
them; the field, in Faraday's and Maxwell's sense, 
could possibly be, but it is not certain." 
"Quantum Mechanics and Reality. In what fol-

lows I shall explain briefly and in an elementary 
way why I consider the methods of quantum 
mechanics fundamentally unsatisfactory." 
(Max Born, "The Born-Einstein letters", pub. 
Macmillan 1971, pp. 164, 168.) 

The most prominent feature of the maths of 
"OK Catt" is its virtual non-existence. E-m 
theory was buried in nonsensical, complex 
maths a long time ago, and I am extricating it. 
(See "Maxwell's equations revisited", Wireless 
World, March 1980, pp 77-78.) 
(I would get a real shock if I got a shock from 

a conductor.) 
Ivor Catt 
St Albans 

COMMERCIAL 
BROADCASTING 
It is silly to speak of freedom of choice where 
the main criterion of choice is advertising 
revenue. It is equally silly to pretend that the 
best of anything is that which is desired by the 
majority, who clearly desire pools, dirt as repre-
sented by the News of the World etc, and pop-
tune after pop-tune regardless of quality; good, 
bad or indifferent. This morning's paper says 
that peak viewing is soap-opera. And pre-
sumably the finest wartime musical work was 
"Roll out the Barrel" if popularity is the crite-
rion. 
It was as long ago as Hume or J. S. Mill that it 

.was first pointed out that rigid democracy led as 
surely as any other system to suppression of 
minority interests. Certainly if longer hours 
mean more dreary episodes of Coronation Street 
and the like, more samey westerns and Ameri-
can cop-and-robber sagas and long-since-dated 
films, then they can have my licence back. 
And what is it all for? To try to dupe more 

people into buying, at ridiculously inflated 
prices, cosmetics, cancer-sticks, and beer which 
tastes, as Lawrence Durrell so admirably put it, 
like a urine sample from a mule. To make mat-
ters worse you would think from their attitudes 
that the advertisers were transmitting the word 
of God. In fact we would all be much better off 
if they were all strangled. 
F. V. Bale 
Maidenhead, Berks 

With reference to your leader of the December 
1980 issue I feel that I must pass comment on a 
number of salient points. 
First, you state that the BBC has already 

started a course of competing for large 
audiences on terms set by the commercial 
broadcasting networks. It is not — it is compet-
ing on the same terms as always, but using 
material which is supposedly more suited to the 
changing tastes and opinions of the present day. 
That some find this material displeasing is a 
consequence of the more depressed financial 
state of the country as a whole, not just of the 
BBC itself.There may not exist a desirable level 

www.american adiohistorv..com 
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of funds in the Corporation for new de-
velopments and the expansion of the network, r 
but on a national level in a period of depressed 
outlook the discontent with most public services 
tends to increase anyway. 
Secondly, you voice the opinion that, "British 

life will be impoverished without a good, 
strong-voiced public service broadcaster, inde-
pendent of the state, creative and risk-taking . . 
. ". Certainly I agree with most of your un-
derlying sentiments, but I would venture to 
propound that, with respect to the BBC, the 
commercial networks have been just as strong-
voiced on some important national issues and 
have demonstrated equal amounts of creativity 
and willingness to take risks. I would also say it 
is tenable fact that today they are generally as 
praiseworthy as the BBC, and state categorically 
that by definition (and in their modus operandi) 
they are much more independent of the state. 
This brings me to my third point, being your 

statement that commercial broadcasting "is not 
independent at all . . . " and does not "sell 
programmes directly to the public, in the man-
ner of theatres or book publishers . . . ". 
Frankly, I do not follow this line of argument at 
all, especially as you carry on to say that "It is in 
the game for profit, and the service which it 
provides is incidental . . . ". Theatres and book 
publishers produce plays and sell books that in 
some cases make a significant contribution to 
our culture, but they are still mainly 'in the 
game' for the primary purpose of taking money 
from our pockets. 
Perhaps your leader writer might not have 

noticed that plays which are box-office disasters 
(= financial loss) do not tend to stay too lung on 
the stage. Maybe, ás a writer, he only has the 
slightest suspicion that authors receive a warmer 
welcome at the publisher's office if it is thought 
that their books may become best-sellers 
(=financial gain). 
The commercial broadcast networks do in-

deed produce programmes that they calculate 
will receive the highest audience figures, and 
they appear to do so quite successfully so that 
their calculations cannot be too far awry. 
Therefore the public is paying, albeit indirectly 
through advertising revenue, mostly for what it 
wants to receive from these networks: if it were 
not, advertising revenue would plummet, the 
networks would go out of business, and the 
BBC would achieve higher audience ratings. 
(Somehow, though, I think that previously-ad-
vertised products would not be reduced in 
price; and maybe then the BBC would, start to 
complain about competition from theatres and 
cinemas?). 
The service that the commercial networks 

provide is anything but incidental; it is their 
very bread and butter, for if it did not meet the 
majority of the viewing and listening public's 
demands it would not receive the revenue in-
come it needs to survive. 
Finally, lest I be branded a 'public-sector-

basher' or a 'capital extremist", let me wish for 
the BBC, and our country, better times: let me 
also ask that we remember that in our time of 
depression the horns must be drawn in, and that 
no solution exists in discrediting a service sim-
ply because it is not public-sector. 
F.C.T. Gale, G8FH 
Hengelo 
Netherlands 

Congratulations on your editorial "Save our , 
public service broadcasting". One has only to 
view the American broadcasting situation to 
realise what would happen here if commercial 
broadcasting got the upper hand. The only 
reason why it produces good programmes now 
is because it must compete with the BBC. Had 
ITV-ILR arrived first, there would have been 

no BBC and our programmes would have been 
at the American level. 
The BBC operates two television services and 

an extensive sound broadcasting service at a 
lower cost than ITV-ILR operates one television 
service and a skeleton sound broadcasting ser-
vice. But the greatest danger facing the public in 
the event of the demise of the BBC lies in the 
field of news broadcasts. It is generally believed 
that most people obtain their news via tv. Those 
of us who are old enough to remember the so-
called "news-reels" of pre-war and just post-war 
days shudder to think of the type of "news" that 
would be presented to us by a commercial news-
handling monopoly. 
Roy C. Whitehead 
Sutton 
Surrey 

MAIL ORDER BUSINESS 
For many years people have bought magazines 
like Wireless World as a source of up to date 
information on component prices and availabil-
ity. In any technical magazine the advertising is 
as much a service to the reader as is the editorial 
content. Increasingly, however, the material ad-
vertised for mail order is not available. Mail 
order firms are increasingly banking cheques 
and delaying months before sending goods 
either because they are grossly undermanned or 
because they get interest on the banked money. 
Alone of your advertisers, Sinclair are honest in 
admitting that goods will not be supplied from 
stock. It has been a long tradition in the 
electronics industry that small orders of compo-
nents came by return of post. Unless this tradi-
tion is restored, I, for one, will no longer order 
by post. Those firms operating from the West 
Country are particularly remiss. 
I am beginning to wonder if the people Roger 

Cook pursues have decided to move into the 
fraudulent component supply racket. Thus far I 
have not heard of any fraud in the area of 
electronic supply but the field is wide open. 
Advertise cheap memory and you could expect 
at least a thousand cheques for between twenty 
and thirty pounds. That is a lot of money. 
Electronics has traditionally been a field where 
people trusted each other, firms rarely bother-
ing to wait for cheques to clear before sending 
goods. If criminals are going to move into this 
area, either by selling kits and data that won't 
make up into working devices, by sending for 
goods with bouncing cheques or advertising 
non-existent goods, a multi-million pound in-
dustry could just vanish. 
Fred Allen 
Cambridge 

ELECTRONICS AND 
UNEMPLOYMENT 
Though your magazine is not the place for an 
essay in economics, some comment on the Jan-
uary editorial may be in order. 
First consider the overall effect of 'automa-

tion', a term which I use as short-hand for any 
procedure which uses sophisticated capital 
equipment — whether electronic or mechanical 
— to reduce the labour content of manufacture. 
One of the objectives of automation is to reduce 
manufacturing cost. A large part of the cost of 
robots, computers etc. is the cost of highly 
skilled labour employed in their design and 
manufacture (and marketing). Since there is an 
overall reduction in cost there must be an 
overall reduction in labour employed. This is on 
the basis of constant volume of output; and 

there are arguments on grounds of limitation of 
material resources and 'quality of life' against 
the older idea of continual expansion of volume 
of output. Equally important as the reduction in 
total employment is the upgrading and change 
in type of skills required. 
A reduction in working hours is often de-

manded. Over the course of history, working 
hours have been reduced from all the hours of 
daylight in six days to 60, 50, 40 per week and 
some further reduction would not be out of line. 
At constant hourly productivity and constant 
total output this would require more employees 
and so reduce umeployment; but in these terms 
it would be a form of work-sharing and require a 
reduction in weekly wage — probably not 
acceptable. 
There are many detailed ifs and buts to be 

added. For example, if morale is improved by 
shortening the working week, production per 
man will not be reduced pro rata with hours. 
Volume of production may be hulked by natural 
resources, but what about the sophistication fac-
tor? Automation may reduce cost of manufac-
ture, but this is not the only motive for its intro-
duction. One cannot just say whether or not 
"chips" will cause unemployment of millions: 
one must examine each sector of industry in 
detail and then the interactions between sectors. 
The one thing which does seem clear, however, 
is that training in appropriate skills is going to 
be of supreme importance. 
D. A. Bell 
Beverley 
North Humberside 

MICROCHIPS AND 
MEGADEATHS 
Your editorial of last November, 'Microchips 
and megadeaths', and some of the letters in 
reply, remind me almost irresistibly of the 
words of S̀hooty' in the 'Hitch-hikers' guide to 
the galaxy': "I don't go round gratuitously 
shooting people and then bragging about it in 
seedy space-ranchers' bars. I go around gratu-
itously shooting people and then agonising 
about it afterwards to my girlfriend." 
May I suggest that any electronics engineer 

who really agrees with your editorial should 
resign his job and live on the dole. Thus not 
only would he avoid the risk of inventing any-
thing that might have a military application, but 
he would use up funds which could otherwise be 
spent on arms. 
J. S. Linfoot 
Oxford 

By profession I am an artist; my hobby, since 
the early 1950s has been electronics. Wireless 
World has always been of great interest to me, 
keeping me up to date. Your articles and pro-
jects have always been on the highest level. I 
have built many projects — from Dinsdale, 
Linsley-Hood, Nelson-Jones, Baxandall etc. — 
and have received much pleasure from them, 
although I think the designers would be shocked 
with the look of some of my efforts. I bend wires 
instead of using p.b.cs, though, believe it or 
not, most work extremely well. 
The other side of the electronics profession 

disturbs me very much and, like you, I wonder 
how highly intelligent, highly skilled electronics 
engineers can be so blind as to continue to 
invent and to use their ingenuity with modern 
circuitry, not to give pleasure and ease the bur-
dens of life alone, but to destroy everything they 
and every creative person has ever worked for 
on this planet — including themselves and us! 
Your excellent leading article and some letters 

from engineers in the industry in the No-

vember 1980 issue prompts me to write and 
congratulate you on your courage and foresight 
in printing these. Having travelled broadly, I 
know your magazine is read in many countries, 
so I hope engineers in the industry will take 
inspiration from you and stop supporting the 
industrial and political maniacs around the 
globe in their blind drive to destroy so much of 
the work of the Creator. 
Please carry on the good work. 

Ken Evans 
Shaftesbury 
Dorset 

ELECTRONIC 
COMBINATION LOCK 
I have read with interest the article describing 
an electronic combination lock (January issue), 
but what I feel Jan Hruska ought to have de-
veloped is a lock that opens to a pre-determined 
rhythmic operation of a conventional door bell 
press button. This would save any need for a 
keypad, and would be of use in situations al-
ready equipped with an electric striker, such as 
buildings with controlled access by "entry-
phone" type systems, for example blocks of 
flats. 
H. T. Wynne 
Glasgow 

The author replies: 
I would like to make the following points in 
favour of my original design: 
1. The hexadecimal code used in my design is 
equivalent to a combination of 16 dots and 
dashes, which would be a considerably greater 
burden of information for a non-user of Morse 
to learn. 
2. Input of code in this form would take longer. 
However, I had already considered construct-

ing such an alternative device and have built a 
battery operated prototype using an Intel stand-
alone microcomputer. 
Jan Hruska 
Universiy of Oxford 

PICKABACK SPARKS 
John T. Lloyd, writing in November 1980 let-
ters, mentions the phenomenon where a third 
electrode at high voltage initiates a discharge in 
air between two electrodes connected to a 
charged capacitor. I can confirm his observation 
and would add that a high frequency Tesla coil 
source may not be necessary. 
I first observed the effect as a child, when I 

built an electronic flash gun. Having no xenon 
tube at the time, I decided to attempt an air 
discharge. The capacitor was about 200µF 
charged to 350 volts, and a miniature ignition 
coil was used (from a model aircraft). At first I 
was only able to obtain the weak high voltage 
spark, but by moving the electrodes progres-
sively closer, I was rewarded by the bang and 
blue flash which discharged the capacitor. I 
found that a bare copper wire, freshly cut on a 
diagonal gave the best result. 
Much later in life, I suggested the idea of a 

third electrode to Unilever Research in connec-
tion with an explosibility test apparatus. 
Originally two pointed electrodes were connec-
ted to a bank of capacitors which were gradually 
charged. The gap was sized to fire at a pre-
determined voltage. Unfortunately, the voltage 
at which breakdown occurred was not accu-
rately reproducible. Some of the reasons will be 
apparent from "Sparks gaps" by J Dearden in 
your November 1980 issue. 
Using a third electrode allowed "ignition" of 

the discharge which then almost completely 
emptied the main capacitor bank. The signifi-

cance of this method is that although a high 
voltage spark is used to ignite the discharge, the 
energy in the high voltage spark can be minute by 
comparison with that in the capacitor bank. 
This discharge starts at a very predictable 
voltage (that of the capacitor bank itself) and a 
negligible disturbance is caused by the third 
electrode. 
This idea worked very well in practice. I do 

not know whether Unilever has used this work 
or published it since I left. However, I would 
certainly like to lay claim to the invention; al-
though I would be very surprised if no-one 
realised that this effect could happen before I 
discovered it for myself as a child. 
A. R. Churchley 
Sara Ltd 
Warrington 
Lancs 

OPPORTUNITY LOST? 
While in course of conducting research in the 
technological history of disc sound recording I 
browsed through a volume 'of the defunct Ger-
man scientific journal Akustische Zeitschrift. On 
the last page of the July 1941 issue there is a 
review of a demonstration that took place in 
Berlin on June 10, 1941. The object in question 
was the "new Magnetophon" which boasted 
noiseless playback. The paragraph which is of 
the greatest interest, historically, is the fol-
lowing (translated by me into English): 
"In recent research H. J. von Braunmuhl and 
W. Weber (RRG) succeeded in improving the 
quality considerably, particularly the dynamic 
range, because they used high frequency magne-
tization in the recording head instead of d.c. 
magnetization. Thereby practically all noises 
originating from the tape disappear." 
Now what does this prove? It proves to me 

that a fact which was not discovered by the 
Allied powers until 1945 and which explained 
certain feats of radio transmission during the 
1939-45 war, was in fact publicly disclosed in 
Germany as early as 1941. The technical des-
cription was adequate, i.e. a person skilled in 
the art would have been able to fathom the 
advantages, had he read that particular review. 
The war was a great obstacle, but surely there 
was at least a trickling distribution of scientific 
journals in the Allied countries (possibly 
through the neutral states Sweden or Switzer-
land). It seems rather a case of too few readers 
with sufficient fluency in reading German, be-
cause none of the standard accounts of the 
history of magnetic recording mentions this 
very early publication (e.g. Basil Lane's extre-
mely thorough "75 years of magnetic 
recording" in Wireless World in 1975). It also 
proves that research into the history of tech-
nology (as any other historical discipline) cannot 
do without access to every page pf an original 
publication and cannot be done by means of 
abstracting services or the like. 
I hope to be corrected by any of your readers 

who may know about previous publication of 
the above reference. 
George Brock-Nannestad 
Gentofte 
Denmark 

meffla mmumaremimumem 
DESIGNING WITH 
MICROPROCESSORS 
R. M. O'Connor, writing in October 1980 let-
ters, raises a number of important matters 
which deserve further discussion. 
Firstly, there is no one "best" way of learning 

about microprocessors and their application. A 

method aimed at recent graduates with a formal 
training in logic design may be completely inap-
propriate for a practising designer with many 
years of experience, and now faced with using 
this new device. Similarly, a programmer with a 
background in mini-computers is likely to need 
a quite different approach. I hope that Wireless 
World will cover these aspects too in due course. 
O'Connor makes the point that what the de-

signer needs to know is what micros can do. It is 
equally important that he also knows those 
things that micros can't do economically. There 
has been far too much talk about the wonders of 
the mighty micro, and far too little about the 
cold, hard facts of the hidden costs of using 
them. 
On the question of machine independence, 

neither O'Connor nor Zissos and Valan have 
said whether they are talking about a single chip 
controller, a small industrial controller, or a 
system such as a TRS-80 or an Apple with a 
large capacity hard disc, line printer, etc. 
Perhaps it is best summed up by J. L. Alty in 
his introduction to Professor Zissos's "System 
Design with Microprocessors" in which he says: 

"It is important to realize that the new tech-
nology will permeate society in two ways — the 
high volume/low cost and low volume/high cost 
categories. The former type will be produced in 
millions and will be very cheap indeed. They will 
often be single chips dedicated to one application 
and, as such, will not even be recognisable as 
computers. 
Computer systems do not however consist of 
hardware alone. The software required to 
operate the new technology will also be provided 
in the same two categories — high volume/low 
cost and low volume/high cost, and each category 
will tend to run on the equivalent category of 
hardware. The software in the single purpose 
chips for example will also be single purpose, 
relatively fault free, and very cheap if only be-
cause of the large volume of sales. It will be 
unalterable by the user, and will not be main-
tained. It will simply have to work." 
In the high volume applications, the cost of 

the hardware is likely to be the deciding factor. 
A $1.00 microprocessor is going to face stiff 
competition from another costing 99c, no mat-
ter which language each uses. For these applica-
tions it won't make much difference which lan-
guage is used — so long as the final code will fit 
in the memory space available, will do what has 
to be done in the time available, and is highly 
reliable. 
The major part of the cost of software for 

microprocessor applications is in preparing the 
detailed specifications, then deciding the 
program logic and verifying the flow charts. 
The cost of coding these flow charts is then 
fairly small, so that if it is necessary to use a 
different microprocessor at some stage, the 
conversion cost could well be fairly small — 
particularly if the original programs have been 
kept free of sneaky tricks designed to save the 
odd byte of code by using a special feature of the 
original microprocessor. 
At the other end of the scale, in the one-off 

and specials, the lowest total system cost will 
usually be obtained by using "off-the-shelf" 
standard hardware and software, with the abso-
lute minimum of additions. In these cases, it 
often pays to modify the requirements to suit 
what is available to keep the costs down. Al-
though the system may well turn out to be much 
more powerful than really necessary, does this 
matter if the costs are reduced? 
For small production runs, it is probably bet-

ter to design the system around a range of "off-
the-shelf" modules. In this case, the particular 
'microprocessor used is not as important as the 
range of modules available, and whether the 
hardware modules each have any necessary 
driver software supplied with them. Each mod-
ule should be supplied with its own service 
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manual, so that the system documentation can 
be prepared by assembling the manual for each 
module, and adding a section on the complete 
system. 
O'Connor raises the question of the disap-

pearing micro. Now although it is true that 
many microprocessors have appeared, then 
disappeared just as rapidly, there are three fami-
lies that have been with us for many years, and 
look like being around for a long time to come. 
These are the 6502, the 6800/6809 and the 
8080/8085. Not only have the manufacturers 
taken care to see that it is a simple matter to 
change the software for new members of each 
family, but there is considerable support in the 
form of hardware and software, both from the 
semiconductor manufacturer and also from a 
large number of independent suppliers. I have 
deliberately left out the Z80 for two reasons — 
there is little software available specifically for 
the Z80 and in most applications they run 8080 
code and so do not make use of all the extra 
facilities, and their future is likely to depend 
very much on how fast the Z8000 is accepted. 
The Z80 might simply be phased out and re-
placed by the 40-pin version of the Z8000. 
The moral from this would seem to be — if 

you are going to make your product in millions 
then do what you would do for any other pro-
duct, i.e. specify an interface that is indepen-
dent of the type of microprocessor used, place 
an order for the cheapest components from one 
or two reliable suppliers, and make sure you 
buy enough for future spares. If the product 
sells so well that you have to make another 10 
million, then it won't matter if new software is 
needed. After all, a black box is a black box is a 
black box is a black box to misquote Stein, and 
if you can't get inside it to repair or change it, 
does it matter whether it is a microprocessor, a 
state machine or random logic? What is impor-
tant is the original unit cost, the reliability, and 
the replacement unit cost. 
On the other hand, if you are only going to 

produce small quantities you had better stick to 
one of the above three families, and design 
around the one which has the best overall 
hardware and software support available to you 
locally, and which has a range of readily avail-
able modules which meet your needs. Although 
these modules look expensive at first they turn 
out to be far cheaper than rolling your own. You 
have to make a large quantity to recover the 
development and proving costs, even if you 
follow the recórnmended practices and get it 
right the first time. Designing a unit which 
works correctly is straightforward — designing 
a unit which works correctly and can be produced 
economically requires considerable extra skill 
and experience. 
This leads me to comment on the design steps 

used by Zissos and Valan in part 5 (October, 
1980). They advocate designing the hardware 
first then the software, then repeating these 
steps until a satisfactory design is obtained. In 
each of the failed designs that I have investi-
gated the designers have followed this approach. 
I cannot stress too strongly that these two steps 
must be carried out concurrently, and in fact 
that there are four separate but strongly in-
terwoven areas that must be considered in 
parallel. These are: 1. Hardware design. 2. Soft-
ware design. 3. Design for testing. 4. Design for 
production. 
The last two areas are often left till the proto-

type is completed, and then it's back to the 
drawing board for some very expensive changes. 
We should follow the Smallpiece philosophy of 
"Get it right the first time." Test points, both 
for production testing and field servicing must 
be built into the hardware and software during 
the original design. There is a lot to be said for 
making a commitment to including signature 

difference at the end (with short acceleration 
durations compared to total journey duration). 
This is certainly the impression Einstein. 

wished to impose on the world, and it is backed 
up by the whole series of text-books since. The 
effect is quite clearly one of Special Relativity, 
not of General Relativity. 
If, as he suggests, the results of SRT are only 

"apparent", but the Twins Paradox experimen-
tally resolves in Einstein's favour, as numerous 
text-book writers would have us believe, then 
Jones's "coincidence" is not only remarkable, 
but miraculous. 
L. j . Higgins 
Swindon Wilts 

WIRELESS WORLD'S 
70th ANNIVERSARY 
If I give a brief record of my association with 
Wireless World it will explain how much pleasure 
it has given me to be invited by the present 
editor to say a few words on the 70th anniver-
sary. 
Looking for a career in journalism I answered 

an advertisement by the Marconi Company for 
an editorial assistant which stated "some. 
knowledge of wireless would be an advantage". 
As I already had a Post Office Experimental 
Licence and had read all I could on the subject I 
had no difficulty in securing the job. I found 
myself on the editorial staff of the Wireless World 
with the launching of the first number. With a 
commission in the Royal Engineers, the 1914-18 
war took me to Mesopotamia and Persia en-
gaged on interception and direction finding. 
The Marconi Company kindly kept open the 
editorship of Wireless World for me on my return 
after demobilisation and I continued with the 
journal as editor and then as director and man-
aging editor until my retirement in 1962. 
With a career which has been so intimately 

wrapped up with the story of the Wireless World 
I welcome with enthusiasm its achievement of 
.70 years and, under the control of our present 
editor, we can look forward with every confi-
dence to the future. I am proud to have been 
associated with a staff which has created Wireless 
World over the years. 
Congratulations and every good wish for the 

future. 
Hugh Pocock 
London NW3 

analysis in every product. Similarly, what is the 
point of designing a system that can't be pro-
duced economically without redesign and the 
consequent delays in getting your product into 
the market place? after all, one of the big incen-
tives to using microprocessors is that their use 
can substantially reduce the development time 
for the product. 
As O'Connor said "Microprocessors are only 

cheap if they are cheap to use; if the way in 
which they are used brings crippling costs, they 
are extraordinarily expensive." 
Alan M. Fowler 
North Balwyn 
Victoria, Australia 

DESIGNING WITH 
MICROPROCESSORS 
I would like to thank D. M. Vaidya for his letter 
in the March issue (p.62) pointing out the error 
in our Table 3 (p.73) of Part 6 of our series 
"Designing with microprocessors" in the De-
cember 1980 issue. We understand that the edi-
' tor hopes to publish a corrected version in the 
next available issue. 
Regarding the second point, we must disagree 

on this. We have written numerous programs 
using different microprocessors which show the 
generality of the approach that can be achieved 
with these different devices. This will be 
demonstrated in detail in an article which will 
follow later in our current series. Meanwhile, 
any readers who would like to have this in-
formation in advance are welcome to write to us 
at the address below. 
D. Zissos and L. Valan 
Department of Computer Science 
University of Calgary 
Calgary, Alberta T2N IN4 
Canada 

THE TWINS PARADOX 
OF RELATIVITY 
Alex Jones's letter (January) contains a funda-
mental flaw which I feel should be corrected. 
The relative ageing in the Twins Paradox is 

not dependent on the accelerations at the start 
and finish of the journey, because the theory has 
it that, with the same accelerations, doubling 
the spatial distance of the trip doubles the age 

AZLD 

Hugh Pocock, writer of the above letter (centre), with two later editors of Wireless World, H. F. 
Smith (right) and F. L. Devereux (left), on the occasion of the journal's 50th anniversary. 

Dividing by fractions 
Digital frequency synthesis using non-integral frequency division 

by Gilbert Pearson, Australian Broadcasting Commission 

This circuit allows a direct division 
from PAL/625 sub-carrier frequency to 
twice-line frequency, or a direct 
multiplication from twice-line to sub-
carrier frequency. This is achieved in 
both cases using only digital counters 
and a single, phase-locked loop. 
Present methods require additions or 
subtractions in the frequency domain, 
which in turn require linear stages. 
The unit to generate sub-carrier 

frequency from line frequency has 
been built and found to work 
satisfactorily. The greatest use for the 
circuit may well be found in 
synchronizing pulse generators, 
where its low cost and reliability 
should prove an advantage. But the 
principles described are applicable to 
any frequency synthesis problems 
where fractional divisions or 
multiplications are required. 

The colour sub-carrier frequency as used 
in the 625/PAL colour television system is 
4,433,618.75Hz. It is derived from the 
relationship — 

2833/4  x line frequency +25Hz 
i.e. 2833/4 x 15,625+25Hz 

The addition of the 25Hz makes synthe-
sis of one frequency from the other diffi-
cult. While straight divisions or multipli-
cations can be done simply, with 
integrated-circuit  dividers  and  phase-
locked loops, the addition or subtraction of 
frequencies, such as 25Hz, requires preci-
sion phase shifters and tuned stages. 
A common technique used in the gener-

ation of twice line frequency (2LF) from 
sub-carrier (SC) in a sync. pulse generator 
is shown in Fig. 1. 

New method 
The two frequencies can be broken into 
lower multiples, as shown below. 

SC=4,433,618.75Hz 
=11x25x25x644.89Hz 

2LF=31,250Hz=2x25x25x25Hz 

Thus, 

i.e. 

SC 

11x25x25x644.89 

2LF 
= 2x25x25x25 -1Hz 

25 x 2  
2LF=SC 11x 644.89 

SC 

Fig. 1. Typical synthesizing technique. 

68 • 75kHz 

S.C.frequency 

SC-25Hz 

Sync. pulse, generator 

2LF 31,250kHz) 
with jitter) 

Fig. 2. Twice-line frequency (2LF) derived from sub-carrier frequency. 

5  1000 
=SC x   

11  64,489 

It must be pointed out at this stage that 
64,489 is prime number and thus cannot 
be broken up further. From the above, it 
would seem that we could divide by 
64,489, multiply by 1,000, divide by 11, 
multiply by 5 to generate twice line fre-
quency. The problem with this, however, 
is that SC divided 64,489 gives 68.75 Hz 
and it is extremely difficult to stabilize a 
phase-locked loop (p.1.1. hereafter) with an 
input frequency which is so low. An ideal 
solution  would  be  a divider  which 
somehow achieved a fractional division. 

SC   
i.e.  2LF — 2.2 x 64.489 

x8 

2 x LF (jitter removed) 

A reasonable first reaction is that this is 
impossible, and strictly this is correct. 
However it is possible, using programma-
ble counters, to achieve on average a frac-
tional division by dividing by two or more 
numbers in an appropriate ratio. For 
example a division of 4.5 could be per-
formed by dividing alternately by 4 and 5. 
A division of 4.333 could be performed by 
dividing by 4 and 5 in the ratio of 2:1 
respectively. Of course, the problem with 
such an arrangement is that the output 
exhibits a large amount of jitter. This can, 
for our requirements, be eliminated by a 
phase-locked loop and will be dealt with 
later. 
If we assume for the moment that both 

64.489 and 2.2 dividers are possible, ar-
rangements as shown in Fig. 2 and 3 can 



v 
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be used to generate 2LF from Sc and vice-
versa. In the schematic in Fig. 2, 2LF is 
derived directly from the two dividers in 
cascade. However, this output has large 
amounts of jitter, so the p.1.1. and divide-
by-64 is included to remove this. This 
circuit would seem particularly useful in a 
sync. pulse generator where a suitable 
p.1.1. is often included anyway for the pur-
pose of genlocking. 
In Fig. 3, the p.1.1. serves two functions. 

Firstly, in conjunction with digital cir-
cuitry, it provides the means of multiplica-
tion. Secondly, by selecting the time con-
stants of the p.1.1., it serves to prevent the 
jitter of the dividers being reflected on the 
SC output. 

64.489 divider 
As described in the previous section, frac-
tional divisions are obtained by dividing by 
two numbers in a sUitable ratio. In the case 
of 64.489, a solutioki is to divide by 64 and 
65 in the ratio of 5 Ir 1:489. There are many 
ways in which such a ratio can be achieved, 
but the best one is that which gives the 
least low frequency jitter. To do this the 
divisions by 64 and 65 must as near as 
possible be evenly distributed. 
Before moving t a detailed description 

of the divider, background on the 
programmable coubters is necessary. The 
9310 is such a couUter, in which it is pos-
sible to arrange a division of any number 
from 1-10 by progi'amming on pins 3 to 6. 
It is further possi • e to cascade the coun-

2xLF 

2LF 
(with 
jitter) 

6.75kHz 

Fig. 3. Sub-carrier fr quency (SC) derived 
from twice line freqr ency. 

Fig. 5. Complete 64.à89 divider. 

Input 

x 1 

PE 
•  

ters and so arrange a division of any 
number. For our particular purpose a divi-
sion of 64 and 65 can be achieved as shown 
on Fig. 4. The programming for each divi-
sion is shown at the bottom as well as the 
logic required to switch between the two 
divisions. When point A is high a division 
of 64 is performed and a division of 65 
when low. 
If, as in Fig. 4, the output of the divider 

is dilided by 2 and fed to A, the result will 
be that the principal divider will alterna-
tely ,divide by 64 and 65, giving, on aver-
age, a division by 64.5. The output is alio 
'shown to be fed back, through a gate, to 
the PE terminal of the counters, This is a 
requirement for this particular counter. 
The circuit of Fig. 5 is an extension of 

that in Fig. 4. There are five 9310s de-
signated XI-X5, integrated circuits X1 and 
X2 performing the same function as those 
in Fig. 4. As in Fig. 4, when point A goes 
high a division of 64 occurs. Instead of 
there being a separate division by 2, this is 
performed by X3, itself a programmable 
divider. X3 and X4 are programmed to 

Input 
clock pulses 
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divide by 90 and 92 and, since both are 
even numbers, the Qo output of X3 will, 
regardless of which division is performed, 
always alternate between 0 and 1. 
As stated previously a division of 64.5 is 

performed by the circuit shown in Fig. 4. 
This is close to the required division of 
64.489. If 11 of the divide-by-65s 
("+65s") in 1,000 are changed into 
"+64s" the correct ratio of 511:489 is ob-
tained. This occurs in the circuit of Fig. 5. 
X3 and X4 divide by 90 and 92 in the ratio 
of 6:5. This means that they divide by 
90.9090 . . . or 1,000/11, and point c will 
thus have eleven pulses for 1,000 occurring 
at the clock of X3. Furthermore, these 
pulses derive from the terminal count of 
X4, and thus at a time when Qo of X3 is 
high and when B would be low, normally 
giving a + 65 instruction. The 'high' on C 
thus overrides this through the OR gate 
and forces a "+64" instead. The correct 
+90, +92 ratio is obtained from X5. A 
9310 is not usually used to divide by 11, 
but it was used in this case to make all the 
types standard. When X5 is programmed 

17.E 

Programming 

PE 

Cp  9310 

TC 

+65 

CP F; 

9310 

CET TC 
Output 

3 

+64 O 
+2 

Fig. 4. Alternate divisions of 64 and 65. 

Output 
PE 

x2 

CET  TC 

3 

1  0  1  1  0  0 

64/65 

6 

14 
o 

CP 

53 

TC 

0  0  0 

6 

CET 

3 

x4 

TC 

6 

0  0  0 

+ 90/92 

11. 

CP 

x5 

4 

1  1  1 

+11 
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as shown, it will divide by 11 and its Qo 
output will oscillate between 0 and 1, ex-
cept at the maximum count, when it will 
give two consecutive is. Qo will thus be 
high and low in the ratio of 6:5. It is this 
point, point D, that is used to command 
the +90/92 counter. 
To summarize, X1 and X2 divide by 64 

or 65, depending upon the command 
appearing at point A. This point will go 
high ("+64") when either B or C are high. 
B alternates between low and high and 
thus, taken in isolation, would alternately 
command division by 64, 65. Point C goes 
high for just 11 of 1,000 pulses appearing 
at the output and it does this when B is 
low, instructing a "+65". On these 11 
occasions in 1,000 then, a "+65" is 
converted to a "4-64" making the ratio of 
the two divisions 489:511 instead of 
500:500 or 1:1. 
Jitter. If the divider is given an input of 
sub-carrier frequency it has the following 
jitter components: 

Frequency 
34.375kHz 
756.25 Hz 
378 Hz 
68.75 Hz 

Jitter (ns-pp) 
226 
111 
1.24 
1.13 

The first can be easily understood, since 
the divider for most of the time divides 
alternately by 64 and 65, meaning that the 
output phase oscillates about a true mean 
with a period of two output cycles. Since 
with a SC input the output will be 
68.75kHz, this first jitter frequency must 
be half this, 34.375kHz. Its peak to peak 
excursions are 226ns, one period of the 
input frequency (T hereafter). 
The remaining components are best des-

Out put, 
phase  A B E 

lb) 

Y 

90 92 90 92 90 

0 90 182 272 

G H 1  J K L 

90 92 90 

1,000 

Fig. 6. 756.25 Hz, 378 Hz, and 68.75 Hz jitter 
components. 

Fig. 8. Complete 2.2 divider. 

68.75k Hz 

+2.2 

cribed with reference to Fig. 6(a). The 
horizontal axis is calibrated in periods of 
the output of the divider (1-1,000) and the 
vertical in its output phase, such that a 
mean line would be horizontal. The 
34.375kHz component has been ignored. 
Beginning at point A, the divider divides 
alternately by 64 and 65 and since this is 
not quite the required division the output 
phase steadily deviates from the mean as 
seen by the slope of line A X. Referring to 
the previous section, instead of the 89 and 
90th divisions being 64 and 65 as before, 
they are both "+64s" resulting in an 
abrupt correction in the output phase (X-
B). The count sequence from B-C is 
similar, except that the 91st and 92nd divi-
sions are altered to both be "+64s". Thus 
A-B and B-C give slightly different average 
divisions. The counts from C-D, E-F, G-
H, I-J, and K-L are identical with A-B, 
while the alternate ones, D-E, F-G, H-I 
and J-K are identical to B-C. It must be 
noted that there are six of the former sequ-
ences and five of the latter, as described in 
the previous section. After point L, the 
entire sequence A-L repeats itself. By a 
quantitive examination of the plot of Fig. 
6(a) it is possible to calculate the various 
jitter components, their waveforms and 
peak to peak values. 
Alternate divisions of 64 and 65 clearly 

give an average of 64.5. This differs from 
the final required average by 64.5-64.489. 
That is 0.011 of an input period (T). This 

2xLF 

In 
Phase comparator 

2LF 
(with jitter) 

Low pass filter 
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error repeats itself for every pair of divi-
sions and is accumulative. After 88 divi-
sions, or 44 pairs of divisions, from point 
A, the  accumulated  error  will  be 
44x .011=484T at point X. When the cor-
rection is made, (X-B) with a double-divi-
sion-by -6 4 a step of 64 . 0 - 
64.489= -0.489T is made. 
It is clear that the sawtooth plot AXBYC 

. . . represents the next most significant 
jitter frequency. Eleven cycles of this jitter 
appear within 1,000 divider output 
periods; thus, its frequency is 

68,750x 11-756.25Hz 
1,000 

Its peak to peak excursions will be 0.489T, 
i.e., with a SC input - 
0.489x226ns=111ns 
An error of +0.484T accumulates to 

poiht X and a correction is made (X-B) of 
-0.484T when a double division by 64 
takes place. The correction therefore 
"overshoots" by an amount of 0.005T. As 
the counter proceeds from B to Y, an error 
of 45 x 0.011 = 0.495T accumulates. A 
double division of 64 occurs from Y to C 
bringing a correction of -0.489T. In this 
case, the correction is insufficient and "un-
dershoots" by an amount of 0.006T. Since 
C-D is identical to A-B and D-E is iden-
tical with B-C, the process of "overshoot", 
"undershoot" continues, the jitter wave-
form of Fig. 6(b) being the result. It is 

continued on page 76 

D.C. Amp. 

Voltage-
controlled 
oscillator 

+64.489 

Fig. 7. Phase-locked loop used for synthesis of sub-carrier from twice line frequency. 

2LF (31,250Hz) 

68.75 kHz 2 

+2/3 +5 +4/5 

Fig. 9. Complete 4.4 divider. 

Line frequency (15,625Hz) 
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Phase measurement with 
an oscilloscope 

Avoiding the difficulties of Lissajou figures and time estimation 
by I. D. MacArthur 

• A method of measuring phase angle 
between two sine waves of the same 
frequency is described, using a 
double-beam oscilloscope, which is 
easy to use up to the full vertical 
bandwidth of the oscilloscope. 

'The classical method of measuring phase is 
by Lissajou figures, as in the example of 
Fig. 1, a method which suffers from a 
number of drawbacks. The centre of the 
ellipse must be accurately aligned with the 
cross wires of the graticule and then mea-
surements made against the graduations, 
which are usually on the centre lines them-
selves. This is tricky and prone to error. 
Accuracy is poor when the phase angle is 
near 90° or 270°, and the gain of the hori-
zontal amplifier is usually limited, making 
it impossible to "open out" the ellipse with 
small signals. The maximum frequency at 
which measurements can be made is also 
restricted by the horizontal amplifier - 
even a very good modern oscilloscope may 
be limited to about 200kHz before the 
relative phase shifts in the vertical and 
horizontal channels become unacceptable. 
It must be stated though, that the Lissa-

jou figure has one big advantage in that it 
is very useful for checking zero (or 180°) 
phase shift when the ellipse is closed and 
any small departures are easily visible. 
Another method, shown in Fig. 2, is to 

measure the times of zero crossing of the 
waveforms. This method is still probably 
the best for "a quick look" but has the 
disadvantages that the two waveforms 
must be aligned with the centre of the 
graticule, and that the oscilloscope time 
base must be accurately triggered. One 
must also choose between the chopped and 
alternate modes, which both have disad-
vantages. On some oscilloscopes it is 
necessary to provide an external trigger. 

Sum-and-difference method 
Here the two signals are displayed as in the 
zero-crossing time-interval method, but it 
is unnecessary to have the timebase accu-
rately triggered, or even synchronized in 
some cases. Measurements can sometimes 
be made in the presence of significant 
amounts of noise. 
The procedure is as follows: 
• Adjust the gain of the two channels to 
give equal-amplitude signals approxi-
mately half the screen height (to allow for 
dispiaying a 2x signal). The exact ampli-
tude and gain settings are unimportant and 
the time base need not be synchronized. 
• Switch the channel selector to A+ B (al-
gebraic add) and record the peak to peak 

Fig. 1. Phase measurement by the Lissajou 
figure method. This is difficult, since the 
graduations on the cursor are usually on 
the centre line. 

0.360x§-
A 

Fig, 2 The zero-crossing method, which 
can be tricky to set up symmetrically on the 
screen. 
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0 
Fig. 3. Graph of diff./sum plotted against 
phase. 

amplitude of the resulting sine wave (the 
sum voltage). 
• Switch the channel selector to A-B (or 
invert one channel) and record the peak to 
peak amplitude of the resulting sine wave 
(the difference voltage). 
• Calculate the phase angle from 

difference = 2 tan 
sum 

or use the graph in Fig. 3. 
When using this method one must un-

derstand its limitations. When making 
high-frequency measurements it is vital 
that probes are equally compensated - 

Theory 
In the phasor diagram, OA and OB 
represent the two signals being com-
pared, with a phase difference of 41 be-
tween them, shown for convenience in 
the first quadrant. OC represents the OB 
signal shifted in phase by 180°, OP is the 
vector sum of OA and OB, and 00 is 
their vector difference. OB, OA and OC 
have been made equal. 

AX and AY are perpendiculars from A 
to OP and 00 and AOP and A00 are 
isosceles triangles. 

and 
Hence 
and 
Similarly, 

Now, 

angle AOP=angle AP0=4)/2 
OX= XP 
OX=A0 cos 4)12 
OP=2A0 cos 4)12 
00=2A° sin (1)12 

2A0 sin (1)/2 _ difference 
2A0 cos 4)  sum 

= tan 4)/2 

Hence  =  2 tan' diff 
sum 

Fig. 3 plots this result graphically. 

best done by connecting both probes to 
one signal and adjusting for equal ampli-
tudes. The accuracy of the method deterio-
rates as 4:13 approaches 0° or 180°. If the 
voltage measurement accuracy is ±5% 
then accuracy will be about 6.3% at 
(1)= 90°, reducing to about 10.5% at 
(1)=12° or 168°. Accuracy will also be im-
paired if significant distortion of either 
sine wave exists: it is useful to synchronize 
the time base and check the waveforms. 
While the sum-and-difference method 

of phase measurement will never replace 
an accurate phase meter or vector volt-
meter in the eyes of those who can afford 
them, it does offer a useful technique 
which can sometimes out-perform these 
instruments, particularly when the signals 
are noisy. I have used the technique on a 
switching regulator to measure 10mV sig-
nals in the presence of 100mV of noise. 
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The complete range of 
low-cost oscilloscopes avail-
able from Tektronix offers 
more choice and more value 
for money. 
Because everyone needs a 

slightly different performance 
in either band-width/ 
sensitivity or extra control 
functions, we offer a range 
with different specifications. 
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TOP QUALITY REBUILT TV TUBES 

Rebuilt on the most modern equipment to original manufacturers' specifications 

HIGH FOCUS 
LONG LIFE 
FULLY TESTED 
FULLY GUARANTEED 

These top-class rebuilders 
cover the country — phone 
your nearest one now for de-
tails and prices — and first-
class service. 

COLERAINE—PE Tubes 
Tel: (0265) 3397 

GLASGO W—RENVU Tubes 
Tel: (041) 883 8272 

BRADFORD—VISOR Tubes 
Tel: (0274) 494340 

OLDHAM—RE-LIFE Tubes 
Tel: (061) 665 2668 

STOKE-ON-TRENT—BAR EX Tubes 
Tel: (0782) 322744 

BIR MINGHAM —TUBESURE 
Tel: (021) 558 7777 

NE WPORT—O MSPEC Tubes 
Tel: (0633) 612556 

PENZANCE— WECO Tubes 
Tel: (073 676) 2265 

NORTH SOMERCOTES—RETUBE 
Tel: (0507) 85 300 

NOTTINGHAM —TRENT TUBES 
Tel: (0602) 813329 

COVENTRY—TELETUBE 
Tel: (0203) 610977 

RUGBY—VISIONEX 
Tel: (0788) 62626 

SOUTHAMPTON— WECO Tubes 
Tel: (0703) 36985 

All these top-class rebuilders use plant and equipment manufactured by Western-Whybrow Engineering — 
acknowledged as the best available, and the product of more than twenty years experience of rebuilding colour 
tubes in U.K. and U.S.A. There is a constant interchange of information to ensureihe highest standard of rebuilt 
tube. 

KvelliariaWmourdefrsa mottez. 

ei t ffl e gt regi.: 4oa,, 

No. 1. April, 1 9 1 1. Price 2c1. 

Post Free 3d. 

Sub.scription, 
3 = per annu m, 

post free. 

In 1911, the name of Marconi was almost 
synonymous with 'wireless': marine wire-
less operators were, as often as not, re-
ferred to as 'Marconi operators'. The 
growing profession of operating Marconi 
stations on board ship demanded a maga-
zine, and the Marconi company responded 
in April 1911 with The Marconigraph, 
which carried news of the company, of 
operators scattered worldwide and of de-
velopments in wireless technique. Two 
years later, for reasons which have been 
aired before by writers more directly con-
cerned with the event, The Marconigraph 
became The Wireless World and embarked 
on its declared life's work of being "of use 
and interest" to a rather wider fraternity 
than had been the case in its previous exis-
tence. Sticklers for detail may, with some 
justification, point out that WW is not 70 
this month, but 68. We feel, however, that 
the two larval years should count towards 
the total for, while laying no claim to be 
roseate, we think WW quite as sweet as 
The Marconigraph. 
While the new science and technology 

was at first naturally associated with ships' 
communications, there is a remarkably 
close parallel to be drawn between the 
development of radio (and later electron-
ics) and aviation. Both technologies were 
emergent in 1911 (Bleriot had landed at 
Dover only two years earlier and Fleming's 
two-electrode valve was only seven years 
old), both were to advance rapidly in the 
two wars and have each, over the years, 
called for specific development in the 
other. In the beginning, communication 
was all, but even in the early days, direc-
tion finding and even radio landing aids 
were seen. The emergence of radar techni-
ques and navigation systems changed the 
ways in which both civil and military air-
craft were operated and even the design of 
some of them. Looking at it the other way 
round, the demands imposed on radio and 
electronics by military aviation in two wars 
and by an enormous expansion in civil air 
travel have hastened the development of 
avionics to a degree where only marginally-

stable aircraft become docile, but agile, 
and where landing aids are capable, in 
theory at least, of not only landing an air-
craft in zeroisibility, but getting it to the 
terminal building as well. Electronics and 
aviation are now so inextricably interwo-
ven that airliners could hardly be operated 
without electronic assistance, and military 
aircraft would be unrecognizably different. 

Wireless World, 
1911-1981 

From crystal detectors 
to microcomputers 

in 70 years 

Wireless World has always reflected this 
use of electronics, beginning with the wire-
less sets used for gunnery spotting in 1916, 
reporting Lorenz instrument landing 
systems in 1935, gathering a whole mass of 
newly released radar information immedi-
ately post-war and continuing to report on 
air communication and navigation when 
the information is "of use and interest" to 
readers. 
Our two enduring interests over the 

years have been radio and television broad-
casting and reception, and the high-quality 
reproduction of sound. A great many of 
the leading figures in high fidelity have 
written in WW, and continue to do so, on 
theory and practice — an aspect perhaps 
best demonstrated by the publication of 
designs for D. T. N. Williamson's valve 
amplifier just after World War II, which 
set a standard to judge the rest by. People 
still write in to ask for reprints of these 
articles. 
The Williamson standard was and is 

upheld by writers such as Jack Dinsdale, 
Arthur Bailey, Laurie Nelson-Jones, John 
Linsley Hood and many others on the 

practical side of our content, and contribu-
tors of the calibre of Peter Baxandall, 
Professor David Bell, Thomas Roddam 
and the immortal Marcus Scroggie (Ca-
thode Ray) have educated thousands of 
readers in the art of electronics. 
Coverage of television began with 

Baird's first crude experiments, although 
the tone of some of our reports was a little 
bemused. It reached peaks in 1947 and 
1968 with the publication of one of the first 
designs for a home-constructed mono-
chrome television receiver (deflection yoke 
and line-output transformer both being 
home made) and the colour receiver by 
Walter Cocking, who made an enormous 
contribution to the standard of our practi-
cal articles over many years. The two re-
ceiver designs illustrated some of the 
reasoning behind WW projects, in that 
they were not necessarily the cheapest way 
of acquiring the receiver, or whatever was 
being built. One of the reasons for pub-
lishing them was that such a series of arti-
des is undeniably the best way of explain-
ing thé operation of equipment. Even if 
one does not undertake the construction, 
the text is valuable in its own right. 
In those days, of course, there were no 

integrated circuits. Circuit design was not 
the cost-effective deployment of the vast 
range of modules one can now select from, 
but the basic design that still goes on be-
hind closed doors, its outcome being en-
capsulated in plastic. Integrated circuits 
have brought with them enormous oppor-
tunities for technical progress, but an un-
fortunate effect from a journal's point of 
view is that an article describing a piece of 
digital equipment often reads a little like a 
knitting pattern. It is not as easy as it used 
to be to read such articles in isolation. 
Nevertheless, we have no intention of 

abandoning the ground rules laid down 70 
years ago, that Wireless World should en-
tertain, educate and be of use to the new 
generation, as well as their elders. It is 
doubtful that G. Marconi would recognize 
his grown-up brainchild, but we do hope 
he would approve.  LI 
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Designing with microprocessors 

7 — Wait/go systems 

by D. Zissos, Department of Computer Science, University of Calgary, Canada 

Previous articles have described the 
synchronization problem and the 
most widely used solution involving 
software wait loops. In this article the 
wait/go concept is explained and 
step-by-step procedures for the 
design and implementation of wait/go 
systems are described. The design 
steps are illustrated by means of a 
fully worked out example. 

The synchronization problem of micropro-
cessors and the most widely used solution 
involving software wait loops have been 
described in previous articles. In this arti-
cle we shall describe a hardware solution 
which involves keeping the microprocessor 
in animated suspension while the peri-
pheral is responding. Systems using this 
solution are easy to design, program, 
implement and maintain. 

The wait/go concept 
Let us assume that we have a microproces-
sor which automatically enters the wait 
state when an i/o instruction is being exe-
cuted. Let us further assume that when in 
the wait state it generates a logic 1 on wait 
terminal w, and that it exits the wait state 
when the signal on go terminal is pulled 
high (g:=1). The block diagram and state 
diagram of such a microprocessor are 
shown in Figs. 1 and 2. If we were to 
activate the peripheral with the 0 to 1 
transition of the wait signal wand keep the 
microprocessor in the wait state until the 
peripheral had fully responded, we would 
clearly have no synchronization problems. 
Furthermore, if the peripheral is an action-
/status device', the interface reduces to 
two wires, as we show next. 

The two-wire interface 
Our starting point is the block diagram of a 
wait/go system shown in Fig. 3. The sig-
nals w, g, a and r have the following 
meaning: 
Signal w: A '1' on this terminal (the wait 
line) indicates that the microprocessor has 
entered the wait state. 
Signal g: A signal transition from 0 to 1 on 
this terminal (the go line) puts the 
microprocessor out of the wait state. 
Signal a: A signal transition from 0 to 1 on 
this line triggers the peripheral into action. 
Signal r: While the peripheral is respond-
ing r=0. When the peripheral has fully 
responded r changes to 1. No activation is 
possible when r=0. 

Fig. 1. Block diagram of a wait/go 
microprocessor. 

Fig. 2. State diagram of a wait/go cycle. 

g = 1 

m.p.u. 

Fetch 

m. p. u. 

lw= 01 

Execute 

Acceptor 

07, 

4/.01 

Wait 

w = 11 

d  Fig. 3. Block diagram of a wait/go system. 

so 

m.p.u. goes 
Peripheral waits 

a = 0 
g = 1 

Interface 

m. pu. not in 
wait state 

m.p.u. in 
wait state 

a = 1 
g - 1 

Peripheral 
responded s2 

Fig. 4. Internal state diagram of a wait/go 
interface. 

r  00  

So 

Fig. 5. State tables of the wait/go interface  S1 
in Fig. 4. 

S2 

S012 

Peripheral 
activated 

01 

Peripheral goes 
m.p.u. waits 

an 
g = 0 

11 10 

CD 
a,g =0,1 

S1 

0,1 

So 
0 

S2 

0,1 1,1 1,0 

s1 0 
1,0 1,0 

la) 

01 11 10 

s012 ' is0,21 S012 S012 

0,0 = 0,0 a,g = 0,1 1,1 1,0 

m.p.0 
Acceptor 

a 

d 

m. p.u. m. p.u. 
signals Wait/go 

logic 

-4 — g 

• Fig. 6. The two-wire wait/go interface.  A Fig. 7. Block diagram of the wait/go logic. 

SO 

Look for i/o 
instruction 

READY = 1 
w= 0 

Si 

M1 .1/ °ROBIN 

AB = 0 0 
w•ILDBIN 

A suitable internal-state diagram of a 
circuit to implement the above interface is 
shown in Fig. 4. Applying the reduction 
steps to its equivalent state table in Fig. 5 
(a) allows its three rows to merge into one, 
as shown in Fig. 5 (b). 
By direct reference to the reduced state 

table, we obtain the following equations 
a= wr + wH- (i.vi"•)=w 
g=z-br+wr+(e5)=r 

The corresponding circuit implementa-
tion consisting of two wires is shown in 
Fig. 6. 

Advantages 
Wait/go systems are: 
Easy to understand. The 'wait' and g̀o' 
are everyday concepts, not requiring 
specialist knowledge. 
Easy to design.  The  hardware  is 
straightforward and presents no difficulty. 
Specifically, in the case of action/status 
devices it consists of two wires. 
Easy to implement — because of uncom-
plicated hardware. 
Easy to program. Software overheads are 
minimal. 
Easy to maintain — because of their relia-
bility. 

Wait/go logic 
Although present-day microprocessors are 
not designed to operate in the wait/go 
mode, they can be made to do so by means 
of a relatively simple logic circuit, the 
wait/go logic, the block diagram of which 
is shown in Fig. 7. Its function is to look 
for i/o instructions with wait/go addresses, 
denoted by Aw, and to put the micropro-
cessor automatically into a wait state when 
such an instruction is detected. At this 
point it passes exit control to the go termi-
nal, that is to the outside world. 

i/o instruction 
detected 

Look for 
wait/go 
address 

READY = 1 
W. 

S2 

DBIN 

Aw it 

Te — 

DBIN -

°Al 

8 08 0 enters 
wait state 

Peripheral 
activated 

READY = 
w= WAIT 

s3 

WAIT. 

01  11 

Peripheral 
responding 

m. p.u. waits 

READY = 
w = WAIT 

A Fig. 8. State diagram of the wait/go logic 
for the Intel 8080. 

B — 

Aw-

g 

- 

10 

o 

System reset  • 

Fig. 9. Circuit implementation of the  A 
wait/go logic for the Intel 8080. 

— A 

A 
WAIT -

- 

M1 —  

A 

i/o 

— B 

Ready 

The design and implementation of 
wait/go logic is straightforward, as we 
demonstrate by means of the following 
example. 

Wait/go logic for the 
Intel 8080 
The m.p.u. signals of the Intel 8080 were 
described in the first article (May 1980 
issue). Reference to these signals shows 
that the op code and i/o address are loaded 
into the m.p.u. registers in timeslots 
M1 DBIN and the following DBIN re-
spectively. It follows that we can identify 
an i/o instruction by simply determining 
whether the signals on the data bus in time 
slot Ml•DBIN are 11010011 or not — 
11011011 and 1101011 are the op codes for 
IN and OUT2. Similarly, the wait/go 
addresses are identified by looking at the 
data bus with the following DBIN signal. 
A suitable state diagram is shown in Fig. 8. 

By direct reference to it, we obtain 
SA = Si • Aw 
= A • B • Aw thereforeJA = B • Aw 

RA = S3 •_g 
=A•B•g  therefore, KA =ij . g 

SB = SO • Mi • I/O 
= 41 • D • mi • Po 

therefore,13 = A• M1 • I/O 
RB = Si • -&-ES2 • WAIT • g 
= AB • Aw+A • B • WAIT • g 
therefore, KB = À • 2-„,+A • WAIT • g 

Clock = (SO+S1) • DBIN+ (S2 +S3) • (1)1 
= (A • D+ 71" •Bl• DBIN+(A • 
B+A • 13-)(1)1 = A • DBIN 
+A • 1)1 

Ready = SO+S1 
= A  +AB = 

w = S2+S3 
= AB+AT3 
= A 

The corresponding circuit implementation 
is shown in Fig. 9. 
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A design problem: PRINT 
The problem is to design and implement a 
wait/go system that would allow the pro-
grammer to produce a hard copy of data, 
which is stored in consecutive memory 
locations. 

Solution 
As explained in the previous article the 
first three design steps are independent of 
the microprocessor and therefore common 
to both solutions. 
Step 1: aim of the design. The aim of the 
design is to expose the reader to wait/go 
systems. 
Step  2: device  characteristics.  As 
specified. 
Step 3: system design. The block diagram 
of our solution is shown in Fig. 10. Its 
step-by-step operation is flowcharted in 
Fig. 11. As in the case of the test-and-skip 
solution described in the previous article, 
we shall use index addressing. Addressing 
modes were described in Part 3 in the 
August issue. 

m.p.u. 

•  

Printer 

• 

« e d 

Start 
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Table 1: Hex listing of the PRINT problem when implemented using the wait/go 
mode and the Motorola 6800. 

Hex  Hex 
address  listing 

Mnemonics Comments 

0300 CE LOX  Load index register with line 
01  20  40 on page 20 — location of the 
02  40  first byte to be printed. 

03  86 
04 

LDAA  Load acc. A with block 
length (n) 

05  97  STAA  Copy acc. A (n) into memory 
06  20  location (line 10 on page 20) 
07  10  to be used as a counter 

Ml: 08  27  BEQ  Branch to M2, if n=0 — forward 11 
09 

OB 

OC 
OD 
OE 

OB 

A6  LDAA  Copy into ace. B next byte 
00  to be printed 

B7 
10 
OD 

OF  08 

10 
11 
12 

7A 
20 
10 

13  20 
14  F3 

M2:15  3E 

STAA  PRINT — printer address 1000 

INX  Point to next byte 

DEC  Decrement byte count (held) 
in memory location 2010) 

BRA  Branch to M1 — back 13 

WA1  Stop 

Fig. 10. Block diagram of the PRINT problem. 

Load starting address 

Load block length (n) 

PRINT 

Yes 
a.  C Stop ) 

Point to next byte 

n: = n-1 

Fig. 11. Step-by-step operation of a wait/go 
system used to PRINT. 

( Start ) 

Set IX to starting address 

Load acc.A with block length (n) 

Copy acc.A into memory location 2010 

Yes M2 

Move into next byte I pointed by IX) 

PRINT 

IX: = IX-i-1 

n:. n -1 

 1 

Fig. 13. Programming chart of the PRINT 
problem using wait/go and the M6800. 

Stop 
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200 } 4  (L 2X1I) ix Adder 

2010 

2039 

n - 

Offset 
(.0) 

2041 

First byte 
LOAA 

Second byte 

Last byte 

MEMORY 

Fig. 12. Programming model for the PRINT 
problem using the M6800. 

MVI 

(OE) 

40  LXI 
20} (21) 

39 

41 

Page 20 

First byte 
Second byte 

Last byte 

MEMORY 

Fig. 14. Programming model for the PRINT 
problem using the Intel 8080. 

(A6) 

MOVAM 

(7E) 

STAA 

(B7) 

OUT 

1000 

Printer 

(031 
Printer 

Table 2: Hex listing of the PRINT problem when implemented using the wait/go 
mode and the Intel 8080. 

Hex • 
address 

1000 
01 
02 

Hex 
listing  Mnemonics 

21  LX1 HL 
40 
20 

03  OE 
04 

05  OC 

L2: 06  OD 

07 
08 
09 

CA 
11 
19 

MV1 C 

INRC 

DCRC 

JZ 

Comments 

Set memory pointer to line 
40 on page 20 — location of 
the first byte to be printed 

Load register C with block 
length (n) 

Increment C-sets flags 

Decrement C 

Jump to L1, if n = O — that is if the 
zero flag is set 

OA  7E  MOV A,M  Move into A next byte to be printed 

OB  03 
OC 06 

OD  23  INX H 

OE  C3  JMP 
OF  06 
10  10 

L1:11  76  HLT 

OUT  PRINT 

Point to next byte in the block 

Go to L2 

Stop 

Demetrius Zissos is Professor of Com-
puter Science and Adjunct Professor 
of Electrical Engineering at the Univer-
sity of Calgary, Canada. Educated in 
Britain, he has been associated with 
industry on both sides of the Atlantic 
for the past twenty years. He has 
written five books and numerous arti-
cles, including a series (with Brian 
Holdsworth) on logic design in Wire-
less World. He is currently writing two 
further books, one on logic design and 
the other on distributed systems. 
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6800 Solution 
Step 4: hardware design. No interface 
hardware is requited. 
Step 5: software design. Our program-
ming model and programming flowchart 
are shown in Figs. 12 and 13. Memory 
location 10 on page 20 is used as a counter 
and the first byte is stored in line 40 of the 
same page. Note that the programming 
model is the same as the one used for test-
and-skip systems. 
By direct reference to our programming 

model and to the M6800 instruction set3, 
reproduced in Part 4 (September issue), 
we obtain the hex listing of our wait/go 
software — see Table 1. 

8080 Solution 
Step 4: hardware design. As in the case of 
the 6800, no hardware is required. 
Step 5: software design. Our program-
ming model in the case of the Intel 8080 
and programming flowchart are shown in 
Figs. 14 and 15. An m.p.u. register is 
assumed to be available for use as a coun-
ter. The first byte is stored in line 40 of 
page 20 in memory. 
By direct reference to our programming 

model in Fig. 10 and to the Intel 8080's 
instruction set reproduced in the previous 
article, we derive the hex listing of our 
wait/go software. It is shown in Table 2. 

References 
1. Zissos, D., "System Design with Micropro-
cessors", Academic Press, 1980. 
2. Intel 8080 Microprocessor User's Manual, • 
September 1975. 
3. M6800 Microprocessor User's Manual, 
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Start 

Set memory pointer HL to starting address 

Store block length in register C 
(I: =n) 

Increment C - sets flags 
(n:= n+1) 

L2 

Decrement C I n:= n-11 

Stop ) 

Move into A next byte 
( pointed by HL I 

PRINT 

HL:=HL+ 1 

Fig. 15. Programming chart of the PRINT 
problem using wait/go and the Intel 8080. 
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2[1D Met:2 
The earth-less vertical 
In one of his series of classic papers on 
transmitting aerials, Dr George Brown of 
RCA (Proc IRE, June 1937) analysed the 
efficiency of monopole radiators in terms 
of their use with 0.4. buried radials, 
showing that typically an efficiency of up 
to 88 per cent can be achieved with 113 
radials, reducing to only 12.4 per cent with 
just two radials. It is on this work that 
amateur use of the popular "ground 
plane" and "vertical" aerials has largely 
been based for over 40 years, while the 
standard medium-wave broadcast aerial 
still tends to use 72, 120 or even 144 radials 
buried a couple of feet below the surface of 
the earth by means of mole ploughs, re-
sulting in radiation efficiencies of the order 
of 75 to 90 per cent. More and more, in 
recent years, amateurs using verticals on 
7MHz and below have been persuaded 
that an extensive earthing system or "mat" 
is a vital essential. Since such an earthing 
system cannot be fitted into the average 
garden, the h.f. monopole is generally 
accepted as not providing the sort of per-
formance at long-distances of which it 
should be theoretically capable. 
Recently, Leslie Moxon, G6XN, who 

has built up a considerable reputation for 
tilting at the many myths that are part of 
the "aerial lore" of many amateurs (and 
professionals), has been investigating what 
one could call the "cult of the radial" to see 
if effective h.f. directional arrays can be 
based on quarter-wave radiators at ground 
level without the use of any physical 
connection to earth. In doing so he has 
paralleled a similar investigation by the 
Australian amateur VK3AM who has been 
developing compact but efficient h.f. 
aerials for use in confined spaces, includ-
ing small boats. 
This work is tending to show that, in 

fact, good efficiency is possible by using 
the once-popular "counterpoise" arrange-
ment, but that this can be successfully 
shortened by inductive loading. In one 
form, G6XN is using with a base-insulated 
quarter-wave radiator, a 14MHz coun-
terpoise a few inches above ground, consis-
ting of a 7ft length of durai tubing parallel 
to the ground, with a linear loading induc-
tance of about lift of wire. Such monopole 
(or dipole?) elements can be readily used as 
driven elements or as reflectors or direc-
tors (a two-element array however should 
be based on a reflector rather than a direc-
tor). The counterpoise rods can also be 
used effectively to increase capacitive 
coupling between the array elements. Such 
elements can be easily moved to prepared 
positions to change the direction of fire of 
the array and taken down when not in use. 
The performance of an array formed from 
such elements would appear to be equiva-

lent to those of a similar array using an 
extensive earth mat, although, as might be 
expected, a little inferior to an equivalent 
horizontal array at moderate height. The 
vertical array, however, has many advan-
tages of cost and convenience since it re-
quires no tower, no rotating mechanisms 
and is not a permanent structure and so 
presumably falls outside the scope of local 
authority planning, while at the same time 
offering plenty of scope for further investi-
gation and development. 

Amateurs and c.b. 
More and more it looks as though British 
amateurs will soon have to learn .to live 
with, even if some of them may find it 
difficult to love, c.b. or Open Channel on 
frequencies additional to the proposed 
928MHz. Indeed by the time these notes 
appear the die may well have been cast, 
although the package is likely to be so 
wrapped as to absolve the Home Office 
from any suggestion that they have been 
forced into making a "U-turn". But it is 
much to be hoped that amateurs will not 
allow themselves to be provoked into open 
hostility. Some of the common complaints 
made by some amateurs against c.b. could 
easily be represented as "sour grapes". For 
example, that amateurs always have to pay 
for licences, pass examinations, adhere to 
tight regulations, keep accurate logs etc, 
etc, so why should so many people have 
been allowed to "get away" with 27MHz 
operation'?  and that sort of thing. But 
there are other, more seriously abrasive, 
causes of friction. Amateurs fear they will 
have to take the blame for interference and 
abuses since the media often fail to disting-
uish between c.b. operators and "hams". 
But perhaps the most serious problem of 
all is that many of the thousands of 27MHz 
c.b. units now being used in the UK will 
operate - and indeed often are operated 
- within the internationally "exclusive" 
amateur band 28 to 29.7MHz. Since most 
c.b. units are channelised it is possible that 
some of this intrusion is accidental, though 
in other cases it appears to be quite delibe-
rate. Since the c.b. operators make no 
attempt to abide by "band-planning" or 
similar conventions, amateurs in many 
countries are seeing a virtual take-over of 
parts of their band. Unlike the radio 
control modellers they are not being 
offered alternative frequencies! C.b. en-
thusiasts would be well advised to play it 
cool and not stray above 28MHz. 

Here and there 
Australian amateurs are now permitted to 
handle "third party traffic" subject to 
three main exceptions. International traffic 

must be only with countries that them-
selves permit such message handling; there 
must be no question of payment or 
material compensation, either tangible or 
intangible, direct or indirect; and no busi-
ness traffic must be involved. 
The problems of electromagnetic com-

patibility become ever more complex as 
more and more interference-producing or 
interference-susceptible electronics comes 
into use: interference from and to home 
computers and microprocessor-based ap-
pliances; automobile electronics; switched-
mode power units (even the common or 
garden diode rectifier can emit hash); vir-
tually all forms of electronics for entertain-
ment or business. American amateurs are 
reporting yet another growing problem: 
transmitters causing false triggering of 
"smoke detector" alarms The r.f. can be 
mains-borne and gets into the detector 
units unless protected by suitable r.f. by-
passing. This requires care if the capaci-
tors are not to interfere with the operation 
of the units. 
An increasing problem for mobile 

operators, particularly since the public in-
terest in c.b., has been the widespread 
theft of radio equipment from unattended 
vehicles. Most weeks, amateurs report the 
loss of several expensive transceivers (pre-
sumably when 27MHz units are stolen the 
illegal operators are reluctant to report the 
loss to the police). Recently, the West 
London 144 MHz repeater equipment of 
the UK FM Group was stolen and the 
Group has since taken out insurance on its 
other repeaters. 

In brief 
The G-QRP club, founded in 1975 to en-
courage interest in low-power operation, 
now has more than 1000 members in 24 
countries, including over 200 in the USA 
the traditional home of the "Californian 
Kilowatt" . . . . The Radio Amateurs Inva-
lid and Blind Club now has a membership 
of over 600, including more than 300 
licensed amateurs . . . . PY2AA is the 
callsign of a new 50.055MHz beacon 
transmitter, with 25 watts power, located 
at Sao Paulo, Brazil. A South African 
multi-band beacon, ZS5VHF transmits on 
28.2025, 50.005 and 144.925 MHz, the 28 
MHz signals have been received well in the 
U.K. . . . The British Amateur Television 
Club has just published an all-new "Ama-
teur Television Handbook" with over 100 
pages devoted to practical and up-to-date 
designs of amateur television equipment 
(Non-members £1.50 plus 35p postage 
from BATC Publications, 14 Lilac Ave-
nue, Leicester LES 1FN.). 

PAT HAWKER, G3VA 

Introduction to low-noise 

amplifier design 
How to optimize collector current and calculate noise figure 

by A. Foord 

Many constructors still settle for more 
noise in their amplifiers than 
necessary because of the complexity 
of a full mathematical treatment and 
because manufacturers often fail to 
specify their transistor parameters in 
a convenient form. This article shows 
how to calculate the optimum 
collector current for a given source 
resistance and the minimum noise 
figure at that current, and gives 
practical circuits for instrumentation 
use and sound reproduction. 

Once the basic design requirement of opti-
mum collector current has been satisfied, 
the remaining amplifier parameters can be 
determined from the normal design 
relationships. For example, as the noise 
figure is independent of the transistor con-
figuration and overall feedback, the usual 
feedback pair arrangements are practic-
able. Therefore the transistor and its 
operating point can be selected to meet the 
circuit noise requirements and the configu-
ration or feedback can be determined to 
meet gain, bandwidth and impedance re-
quirements. This approach allows the 
noise and other circuit constraints to be 
optimized independently. 
The selection of a suitable input device 

depends mainly on the source resistance 
and bandwidth requirements. At the 
lowest values of source resistance it is 
necessary to use transformer coupling at 
the input to match the source resistance to 
the optimum for the amplifier, Fig. 1. 
Unfortunately transformers introduce 
extra losses and degrade the basic noise 
figure of the amplifier. For example, an 
amplifier designed for a 5kolun source 
might have a noise figure of less than ldB. 
When matched with a transformer to a 30 
ohms dynamic microphone this noise 
figure could be degraded to 2.7dB. 
If integrated circuits are used their 

parameters are well specified by the manu-
facturer, but their noise levels are in gen-
eral about two to five times that of a 
discrete transistor circuit. This makes 
them more suitable as second and succeed-
ing stages. Fortunately bipolar transistors 
can be used for most audio front-end appli-
cations and this article is restricted to their 
use. 
There is a slight difference between p-n-

p and n-p-n transistors. A p-n-p transistor 
can have a lower base spreading resistance 
due to a higher carrier mobility in its base 

Transformer coupling 

Bi- p 

Lc. amplifiers 

jfe.t. 

olor transistors 

1'0  100  1k  1(1( 100k 

SOURCE RESISTANCE (OHMS) 

Fig. 1. Choice of input amplifying device 
depends on source resistance. 

1M 

region, while an n-p-n transistor often has 
a slightly larger current gain and band-
width. This makes the p-n-p type more 
useful with low source resistances, with 
the n-p-n transistor useful at the higher 
end of the resistance range. For this 
reason, and also for direct coupled circuits, 
it is desirable to have information on a 
range of p-n-p and n-p-n devices. 
A table of suitable low-noise transistors 

and their parameters is shown in Table 1. 
These are measured values and may not 
agree with those obtained from the manu-
facturers' specification sheets. Details of 

some low-noise i.cs are included for com-
parison. 
Some noise mechanisms are process-de-

pendent and result from faults such as 
surface defects, surface contamination, de-
fective contacts, impurities, dislocations, 
land irregularities at the base-emitter junc-
tion. For this reason transistors with the 
same type number may vary from maker to 
maker. This is particularly true for low 
frequency noise below lkHz where poor 
processing techniques become more 
apparent. 
Any source unavoidably generates an 

amount of thermal noise power which de-
pends on its temperature, Boltzmann's 
constant, and the system's noise band-
width. Noise factor, as a ratio, is defined as 

F-
total available output noise power 

portion of output power caused by source only 

Noise figure is simply this noise factor 
expressed in decibels. NF = 

10 lo  . 
gportion of output power caused by source only 

total available output noise power 

or NF = 10 log F. The noise figure is a 
measure of the signal-to-noise degradation 
attributed to the amplifier. For a perfect 

Table 1. Measured values of low-noise device parameters may not agree with 
manufacturers data 

0 at Icof 
lmA 100µA 10µA 

rbb' 
(11) Application 

2N930  n-p-n 
2N4124  n-p-n 
BC109  n-p-n 
2N3707  n-p-n 
2N4403  p-n-p 
2N4125  p-n-p 
2N3964  p-n-p 
2N4250  p-n-p 

300 
300 
350 
350 
200 
150 
350 
350 

200  130 
200  110 
300  200 
250  200 
140  80 
120  90 
310  260 
310  260 

700  High source resistance 
100  Low source resistance 
400  General purpose 
200  General purpose 
40  Low source resistance 
50  Low source resistance 
150  Low broadband noise 
150  Low broadband noise 

IC type 

TDA1034N 

RM4739 

LM201A 

OP1OEY 

AD517 

ZN460 

Iti,  I„  Re 
(nV/Hz1/2)  (pA/Hz1/2)  pal) 
9.0  3.0  3.00 
3.5  0.4  8.75 
20.0  4.0  5.00 
10.0  0.5  20.00 
22.0  0.74  29.73 
16.0  0.20  80.00 
10.3  0.32  32.19 
9.6  0.12  80.00 
35.0  0.05  700 
20.0  0.03  667 
0.8  1.0  0.800 

NF at Rs 
(Hz)  (dB)  
10  6.41 
1k  0.70 
10  10.41 
1k  2.11 
10  4.82 
1k  1.46 
10  1.50 
1k  0.58 
10  0.86 
1k  0.31 
5k  0.41 
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amplifier, one which adds no extra noise to 
the thermal noise of the source, the noise 
factor is unity, and the noise figure zero. 
Usually there is not a great deal of value in 
reducing the noise figure much below 3dB. 
A noise figure of 3dB is equivalent to say-
ing that the amplifier and source are con-
tributing an equal amount of noise to the 
wanted signal. Even if the amplifier noise 
could be reduced to 0.1 of the source 
noise, the total system noise is now about 
0.7 of the 3dB condition. However it must 
be remembered that an amplifier with a 
noise figure of 0.5dB at 1kHz with a 
source resistance of 5k11 will have a higher 
figure at low frequencies and at source 
resistances away from the optimum. 
The normal procedure is to design the 

amplifier for a minimum noise figure at the 
desired source resistance. The optimum. 
collector current for the transistor depends 
on the driving source resistance Rs and the 
direct current gain 01. 
Optimum collector current 

/ - (13)1/2  
40Rs 

For example, determine the optimum cur-
rent for a 2N4403 transistor with a source 
resistance of 400 ohms. Initially e can be 
taken as 200. 

(200)1/2  
/,-  00 - 0.88mA . 

40 x 4 

As shown- in Table 1 a of 200 at 0.88mA 
is possible. If the formula had given a 
much lower optimum collector current, 
say 50(tA, then the 0 would have -to be 
reduced to about 100 and the optimum 
collector current recalculated. This proce-
dure is repeated if necessary until the 0 is 
believable for the calculated collector cur-
rent. 
The procedure is not too critical because 

of the wide variations in a between one 
transistor and the next and because the 
optimum collector current is proportional 
to the square root of 0. 
The minimum noise factor F., at the 

optimum collector current can be calcu-
lated from the source resistance R„ the 
current gain 0, and the intrinsic base 
spreading resistance rbb, 

rbb' r 
F=1+  + 

Rs 13 

For the conditions previously discussed for 
the 2N4403 transistor 

40 ( 1 )1/2 
F=1+ -00 + 200  =1.17 times 

4   
Then the minimum noise figure is 

NF= 10 log F=10 log 1.17=0.68dB. 

Microphone preamplifier 
example 
Many dynamic microphones have imped-
ances of 200 or 600 ohms. The previous 
examples suggest that a 2N4403 transistor 
run at a collector current of about lmA 
could be used for this application, and 
a suitable circuit is shown in Fig. 2. 

1mA 

Input 

2 

o 

5 
4 

3 
2 

o 
10Hz  10 Hz  1kHz  10kHz 

FREQUENCY 

1k 

100,u 

Cl 

3 

cÉ 

I-12 

o 

Eo-l' -0 

10  100 
SOURCE RESISTANCE 

SOURCE RESISTANCE 
SO ohms 

A common-emitter amplifier is followed 
by an emitter follower. The dc conditions 
are determined by the bias chain from Tr2 
emitter to Tri base, but this does not pro-
vide negative feedback at signal frequen-
cies because of C2. The low frequency res-
ponse is determined mainly by the input 
and output coupling capacitors at 10Hz, 
while the high frequency response is deter-
mined by C3 at 26kHz. If C3 is not in-
cluded the high frequency response would 
extend to 1MHz, which is undesirable. 
The first transistor is essentially an un-

loaded common-emitter stage, and its gain 
at room temperature is 

-=40R1I=204 times or 46dB. 
V 

Measured results on two amplifiers gave 
gains within ldB of the calculated value. 
The input resistance was 2.7k ohms. As 

Table 2. Comparison of several tran-
sistors for a 6kohm source. 

[3•  lc rbi; 
(!-LA) ((3) 

F  NF 

2N930 
2N4124 
BC109 
2N3707 
2N4403 
2N4125 
2N3964 
2N425() 

150 
150 
250 
220 
100 
100 
280 
280 

51  700 
51  100 
65.9 400 
61.8 200 
41.7  40 
41.7  50 
69.7  150 
69.7  150 

1.198 
1.098 
1.130 
1.101 
1.107 
1.108 
1.085 
1.085 

0.79 
0.41 
0.53 
0.42 
0.44 
0.45 
0.35 
0.35 

1-2mA 
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 0 9V 

Output 

Fig. 2. Instrumentation preamplifier is 
suitable for microphone use. 

 00V 

Fig. 3. Noise figure plotted against source 
resistance for the microphone preamplifier 
(top), and against frequency (bottom). 

Tri has a high gain the noise contribution 
by Tr2 is negligible. Fig. 3 shows the noise 
figure plotted against the source resis-
tance, while Fig. 4 shows the noise figure 
plotted against frequency for a fixed source 
resistance; in this case the non-optimum 
value of 50 ohms. 
These results confirm the theory, and 

show that the 2N4403 transistor is particu-
larly suitable for both low source resis-
tances and low frequency applications 
where noise is important. 
Measurements on several 2N4403 tran-

sistors suggested that about one quarter of 
them had excess noise at low frequencies, 
but mid-frequency results were consis-
tently low. For critical applications the 
amplifier input should be terminated with 
a 390-ohm wirewound resistor and Tri 
selected for a minimum amount of noise. 
This noise can be measured at the output 
of the amplifier chain with an oscilloscope 
or a.c. voltmeter. An oscilloscope is parti-
cularly valuable because any low frequency 
or burst noise can be observed. If the pre-
amp does not dominate the noise generated 
from succeeding stages (with the gain 
control at a maximum) then these stages 
need to be examined! 
The full design of a general-purpose au-

dio preamplifier can be quite a problem, 
and a magnetic pickup may be the most 
difficult source to match. Its impedance 
rises with frequency, the amplifier has an 
equalization curve which gives 20dB boost 
below 50Hz and 20dB cut at 20kHz, and 
the basic amplifier noise may be increasing 
at low frequencies. 
The theoretically correct approach is to 

allow for all these factors and design for 
the lowest total noise over the complete 
audio bandwidth. This really demands an 
exact model for the circuit and a good 
computer program. In practice a reason-
able answer can be obtained by designing 
for a source impedance of about 6k ohm. 
In Table 2 several transistors are com-

pared for this source impedance. All of 
these transistors appear to be suitable, 
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Input 

apart from the 2N930. The 2N4403 tran-
sistor has been chosen for the practical 
circuit, and the examples. 

(p)1/2 (100)1/2 
40Rs -  - 40 x 6 x 103 -41.7uA 

( 1 1/2 
- F=1+6000  4°   +  )=1.107 

100 

NF=10 log 1.107=0.44dB 

One practical circuit might be similar to 
that shown in Fig. 5, where two common-
emitter stages are followed by a common 
collector stage to drive the feedback net-
work and the next stage. When Tri is 
biased from a potential divider as shown, 
the only bias component which contributes 
noise is R3. The actual voltage drop across 
R3 is small and therefore any excess noise 
generated by the resistor, due to the cur-
rent flowing through it, is also small. The 
amount of thermal noise it generates is 
attenuated by the source. The value shown 
will provide the load resistance required 
for most magnetic cartridges, and can be 
shunted if necessary for other inputs. 
The approximate open-loop gain for this 

type of circuit is 

res 320 x 47 x 103  
1 1   

R5+ 
401,1  470+ 40 x44.7 x 10-6  

=14,600 times = 83dB . 

A practical measurement of this circuit 
gave an open-loop gain of 80dB, which is 
perhaps more realistic. 
Unlike the first circuit, where the gain 

was well defined by the collector current, 
the gain of this circuit depends on the (3 of 
the second transistor. Overall negative 
feedback is therefore essential to accu-
rately define the closed-loop gain. In Fig. 5 
the closed-loop gain is 60dB and the fre-
quency response is 3dB down at 8Hz and 
45kHz. 

•  
R10  C6 

470k  24 

Feedback network 

Fig. 4. Preamplifier as shown has flat 
frequency response; for use with magnetic 
pick-up replace feedback network with 
appropriate equalization network. Author 
recommends metal film or metal oxide 
resistors, as wirewound ones are bulky and 
expensive. Tantalum electrolytics are 
preferred over aluminium because of their 
lower leakage. 

Fig. 6. Broadband noise from a 2N4403 
transistor (top), low frequency noise from a 
poor 2N4403 transistor over 5 to 36Hz 
(middle), and low frequency noise from a 
typical 2N4403 transistor over 5 to 36Hz 
(bottom). 
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Source resistance 
5 6k ohms 

100Hz  1kHz 
FREQUENCY 

Fig. 5. Noise figure plotted against 
frequency for the general-purpose 
preamplifier of Fig. 4. 

The closed-loop gain is defined at 

Rlo 
G=1+ - times. 

10kHz 

Resistor 5 is required so that the closed-
loop gain can be defmed by overall nega-
tive feedback. It also provides series local 
feedback for Tr1 and reduces the open-
loop gain by about 7dB. However the 
open-loop gain of 80dB which was mea-
sured is adequate to provide a reasonable 
amount of feedback at low frequencies 
even though the equalization curve de-
mands a 20dB gain boost (below 50Hz) 
I above the mid-band gain. The value of R5 
cannot be made too low as this will force a 
reduction in the feedback impedance, re-
ducing the available output voltage swing 
at high frequencies where the equalization 
curve falls at 6dB per octave. 
Although negative feedback does not 

alter the amplifier's noise figure, R5 is 
effectively in series with the source and can 
contribute an amount of thermal noise, the 
effect of which depends on the source re-
sistance. It should be made much smaller 
than the source resistance. Noise factor 
with R5 iS 

Fr =F+ . 
Rs 

In the example 

Fr=1.107+ 4706000 -1.185 times 

thus NF,= 10 log 1.185=0.74dB. 

Although this appears to be a significant 
degradation the resultant noise figure is 
still less than the 3dB level considered to 
be a reasonable value. It does indicate why 
an approach like Fig. 2 is valuable for 
critical applications, because the gain can 
be closely determined by the circuit 
parameters without using emitter degrada-
tion. 

Further reading 

Low-noise Electronic Design, by C. D. Mot-
chenbacher and F. C. Fitchen (Wiley, 1973) 
gives many practical examples which are fully 
specified in terms of gain, bandwidth, and noise 
for up to four different values of passive compo-
nents. LI 
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Magnetic recording review 
2 - Performance of modern cassette tapes 

by J. Moir, F.I.E.E., James Moir and Associates 

Mr Moir continues his survey of 
magnetic recording technology and 
materials with an examination of 
modern cassette tapes. A brief look at 
possible future developments 
concludes the article. 

Equalization 
The limited frequency response of the 
early ferric coated tapes led to the exten-
sive use of electronic equalization, a shap-
ing of the frequency response of the record 
and replay amplifiers to improve both the 
frequency response and the s/n ratio. The 
correction required to achieve a flat overall 
record/replay response was divided be-
tween the record and replay system in a 
way that eliminated the need for variable , 
equalization in the user's equipment. Stan-
dard replay calibration tapes were pro-
duced, having a closely specified response 
curve, and the recording engineer, having 
equalized his replay equipment to ensure 
that these standard tapes played with a flat 
frequency response, was required to vary 
the equalization of his recording system 
until the overall record/replay system res-
ponse gave the same flat overall response. 
However, the performance of tape coat-

ings and our knowledge of record and re-
play head design has so far improved that 
the equalization originally specified is not 
only unnecessary but actually degrades the 
achieved performance of many of the re-
cent types of tape. 
The equalization to be applied to the 

system was specified indirectly as the rela-
tion between the signal voltage at the input 
of the recording chain and the resultant 
surface induction (now the short-circuit 
flux) on the tape. It was defined as the 
combination of two curves, one being the 
response of an RC circuit with a time con-
stant of 1590 microseconds, defining the 
low-frequency performance, and a second 
RC circuit with a time constant of 120 
microseconds defining the performance at 
frequencies above about 800Hz. The com-
bined frequency response can be read from 

Table 1: Standard time constants 

Tape Speeds Time Constant 
ti  t2 

76.2 cm/s (30in/sec) and  35  Infinity 
38.1 cm/s (15in/sec) 
19.05 cm/s (71/21n/sec)  70  Infinity 
9.53 cm/s (33/41n/sec)  90  3 180 
4.76 cm/s (17/8in/sec)  120  1 590 

Fig. 9, using the appropriate curves. The 
low-frequency signal is boosted and the 
high-frequency signal attenuated in the 
recording process to minimize distortion 
arising from the limited signal handling 
capacity of magnetic tape at high frequen-
cies. Table 1 provides data on the agreed 
correction curves for all the current stan-
dard tape speeds. 
To obtain a flat overall record/replay 

response, the replay chain must have the 
inverse response, but to achieve this some 
additional high-frequency equalization 
must be included to compensate for the 
high-frequency losses in the replay head. 
The standard replay calibration tapes 

are recorded with a carefully calibrated, 
surface short-circuit flux/frequency rela-
tion that follows the specified recording 
curve. When these tapes are used to obtain 
a flat replay system frequency response the 
losses in the replay system are automat-
ically corrected and the desired flat res-
ponse is obtained for the whole record/re-
play chain. 
During the few years following the stan-

dardizing of the 120p.s equalization, the 
high-frequency signal-handling capacity of 

Fig. 9. Recording characteristics (BS1568) 
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tapes has been greatly improved and de-
signers have taken advantage of this by 
changing the recommended recording 
equalization time from 1201.1s to 70p,s. This 
necessitates an equivalent change in the 
replay system frequency response, usually 
achieved by providing two or three alterna-
tive switch-selected frequency response 
curves. The 120pa equalization curve is 
used for all the ferric tapes and some of the 
early chromium and cobalt modified tapes, 
the 70p,s equalization curve being em-
ployed with the later chromium and pure 
metal tapes. 
Current semi-professional machines and 

the better domestic units now provide both 
bias and equalization adjustment, gener-
ally using separate controls. Used with 
understanding, this ensures near-optimum 
performance with most tapes. Professional 
and semi-professional machines usually 
provide a step-less control of bias. 

Current tapes 
At this point it appears appropriate to 
change from outlining simple theory to 
looking at some examples of current 
practice in tape production. About 100 
samples of current cassette tapes from 25 
suppliers were examined, using a Nakami-

1,590ps 

3,180ps 
Ops 

35ps 

90,u s 

120ps 50},s 

70ps 

O 100 1,000 
FREQUENCY (Hz) 

10,000  20 000 
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chi 582 discrete-head machine, which is a 
good modern machine, with facilities for 
bias and equalization adjustment, and 
which is capable of handling metal tapes 
without saturating the recording head 
cores. 
The bias settings were chosen using the 

Nakamichi facilities for equalizing the sig-
nal outputs at frequencies of 400Hz and 
15kHz and with the equalization set to 
120p.s for the ferric tapes and 70ps for the 
ferrichrome, chromium dioxide and metal 
tapes. The bias settings are quoted in dB 
with respect to the appropriate DIN refer-
ence tape, but since there are as yet no 
' metal reference tapes, the bias setting em-
ployed for these tests are quoted with re-
ference to the Nakamichi metal tape. 
The data for all the examples of each 

type of tape coating are averaged and these 
are the values in Table 2. The limits 
given in the 'Frequency Response' column 
should only be taken as being generally 
indicative of the results, the complete 
curves being used for any more detailed 
comparison. 
The advantage possessed by the metal-

particle tape of high saturation values at 
high frequencies is not immediately ob-
vious from the data in the Table, being 
masked by the reduction of the high-fre-
quency replay pre-emphasis from 120iis to 
70ps. The higher levels of high-frequency 
signals that the metal tapes accept allows a 
reduction in the high-frequency attenua-
tion of the standard recording amplifier 
and this in turn necessitates a reduction in 
the replay-amplifier high-frequency boost, 
with a corresponding improvement in the 
,overall signal/noise ratio. 
Typical response curves are provided for 

each type of tape in Fig. 10. Five separate 
bias levels are needed to enable optimum 
performance from every type of tape. 
However, the person who buys budget and 
'special offer' tapes is unlikely to be in-
terested in paying for a wide range of bias 
adjustment on his machine, so three levels 
of bias are probably adequate for the 
majority. Few of the cheap machines pro-
vide bias adjustments so the best perform-
ance is likely to be secured from the simple 
ferric tape. 
The penalty for buying 'special offer' 

and 'advertisement-by-postal circular' 
types of tape is illustrated by the frequency 
response of Fig. 11. This is measured fre-

20 

15 

O 

Fig. 10. Typical frequency response curves 
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Table 2: Typical performance characteristics of cassette tapes 

Bias 
level 

Freq. Resp. 
10kHz-10dB 

333Hz  Sensit.  10kHz  Noise  Print  (n.b. see 
MOL sat.  (CCIR/ARM) through also Fig. 10) 

Budget quality  +0.39  +1.98  -1.38  -5.86  -50.65  -55.1  -1.65dB 
Ferric tape 
Good quality  +1.26  +5.14  +0.03  -4.14  -50.76  -53  -1.34dB 
Ferric tape 
FeCr tapes @  +3.13  +7.3  -0.7  -6.38  -54.75  -49.5  -3.53dB 
Cr02* 
pseudo-chromes  +6.33  +5.09  +0.67  -6.12  -54.32  -47.85  -0.83dB 
Metal tapes*  +11.3  +6.82  +0.6  -3.56  -54.48  -56.56  -0.2dB 

FeCr, Cr02 and metal tapes all tested with 70ps equalization. Ferric tapes tested with 
120ps equalization. 

Notes 
1.  Cr02 sensitivity quoted with respect to DIN Cr02 sensitivity on optimum bias setting 

(+6dB) 
2.  FeCr sensitivity quoted with respect to DIN Fe sensitivity. 
3.  Metal sensitivity quoted with respect to Nakamichi ZX metal tape. 
4. @ Equalization problem on Nakamichi with FeCr tapes. 
5.  All figures quoted with respect to Dolby level unless otherwise stated. 
6.  From an initial inspection of the Table it would appear that the high-frequency 

saturation level of metal tapes is little better than that of good-quality ferric tapes. 
However, the tests carried out on the metal tapes were with 70its equalization whilst 
those in the ferric tapes were done using 120ps equalization. In absolute terms, the 
performance of the metal tape in this respect is at least 4dB better than the ferric tapes 
but, because the manufacturers have chosen to use a different equalization 
arrangement, the benefits of improved high-frequency saturation are not realized by 
the user. As far as the average user is concerned, the main advantage of using a metal 
tape would be an improvement of 4dB in background noise level. 

quency response of a tape widely adver-
tised under the name of, but having no 
connexion with, a very well known com-
pany. Not all such budget tapes are equally, 
bad, however, and some of the very cheap 
ferric tapes may well be perfectly satis-
factory in a machine bought for a 
youngster. At an intermediate price level, 
many own-name tapes from Boots and 
other well known multiple stores are excel-
lent value for money. 
The ferrichrome, two-layer tapes pro-

duced an unexpected response curve with 
a 'step' of about 4dB at frequencies in the 
region of 2kHz, presumably due to the 
magnetic discontinuity at the boundary 
between the chromium dioxide and ferric 
layers. This step would appear to require a 
special equalization curve to achieve the 
optimum performance. 
With the bias optimized as described for 

Dolby level 

--4.-2-

-- -- Budget Fe 
-  Good quality 

120ps 
Fe 120ps 

\ 

---- Fe Cr 70u 
---- Cromq etc. 
-  Metal 70)s 

70ps 

o 20 200  1,000 2,000  5,000 10,000 20,000 
FREQUENCY (Hz) 

each type of tape, the metal tapes are seen 
to have the highest m.o.l. at 330Hz, the 
highest saturation level at 10kHz, the 
lowest noise level and currently the highest 
price, but note the qualification about op-
timizing the bias. A less well appreciated 
limitation to the use of metal tapes and 
even some of the Cr02 tapes is the inability 
of many machines to fully modulate the 
tape at high frequencies, head design and 
circuit limitations being the apparent 
cause. 
The performance of metal tapes used in 

machines incapable of providing the opti-
mum bias is generally much worse than 
that of an intrinsically inferior ferric or 
ferric-chrome tape. 
Sonic comment about the material em-

ployed for the tape base is probably in-
teresting. The original tapes were âIFp-v-c-
based, but in recent years tensilized poly-

Fig. 11. Cheap tape performance 
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ester has captured the market because of 
its superior mechanical properties and its 
relative freedom from the effects of humid-
ity. Polyester has only a slightly greater 
.tensile strength than pvc tapes, but is 
some eight times less susceptible to the 
effects of moisture, a great advantage in 
ensuring good spooling with a freedom 
from 'cupping' and variation in the 
tightness of wind. The pvc base is rather 
smoother than the polyester base but not 
significantly so. A smooth base is advanta-
geous in reducing noise modulation effects' 
due to the variation in coating thickness 
that results from changes in the thickness 
of the backing tape. 
The nominal thickness of the tapes 

varies somewhat between suppliers but 
bases about 18um, 12µm and 6um thick 
are usually used for the three common 
lengths of tape, the C60, C90 and C120 
types, the coating thickness being around 
6, 4 and 3um respectively. The C90 size 
tape is probably the best compromise be-
tween playing time and tape strength, the 
C120 type requiring more care in handling 
and gentler treatment in machines than is 
usual. 
The use of a thick tape base has the 

obvious disadvantage of reducing the, 
amount of tape that can be stored in a 
cassette or on an open spool, but it has 
advantages in reducing 'print through', the 
transfer of signals from one layer of tape to 
adjacent layers. These result in pre and 
post echoes that are obvious when they 
occur in the middle of quiet passages. The 
transfer is accelerated by storage of the 
tape in a warm environment and by long-
term storage without replaying. Some tape 
coatings are more susceptible to the 
trouble than others, probably because of 
their increased temperature dependence. 

The future 
It is interesting to consider possible further 
improvements. The cassette format is here 
to stay, for its convenience clearly ->out-
weighs the residual deficiencies in per-
formance. Its mechanical performance is 
not perfect, but is probably commercially 
adequate. Tape jamming is rare but still 
occurs, so the mechanics will be improved' 
in this respect. 
Tape saturation at high frequencies pro-

duces amplitude compression and har-
,monic-type distortions that do not occur in 
reel-to-reel recorders running at higher 
speeds. There is, therefore, some opportu-
nity for improvement, but in most other 
respects the performance of the existing 
coatings is more than adequate for the 
commercial market. This suggests that 
achieving the present performance or at 
least a commercially acceptable perform-
ance at half the present tape speed is likely 
to be the next step. 
Development in tape coatings that have 

contributed so greatly to improvements in 
performance of the cassette format do not 
appear to be applicable to 1/4 in tape, or at 
least do not have the same advantages. 
Most of the limitations in coating perform-
ance are wavelength-dependent and not 
frequency-dependent effects. An adequate 
frequency response for all professional re-

quirements can be secured from 1/4 in tape 
running at the present standard speeds 
and, in consequence, there appears to be 
no application for the new coatings in this 
field. 
This situation does not hold for tapes 

used for tv and data recording, so the half-
inch and wider tapes used for these appli-
cations are likely to benefit from coating 
developments that permit lower tape 
speeds. 

Further reading 
Daniel and Axon, The Reproduction Of Signals 
Recorded on Magnetic Tape, Part 3, May 1953. 
Axon, Overall Frequency Characteristic in 
Magnetic Recording, B.B.C. Quarterly, No. 5, 
pp. 46, 1950. 
Westmijze, W. K., Studies on Magnetic 
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Recording, Philips Research Laboratories 
Reprint R213-R214-R217-R222. (Originally in 
Philips Research Reports, Vol. 8, pp. 148-157, 
161-183, 245-269, 343-366, 1953). 
Daniel, E., A Preliminary Analysis of Surface-
Induced Tape Noise, IEEE Trans. on Comm, 
and Electr., V. 83, No. 72, May 1964. 
Daniel, Eric D., and P. E. Axon, Accidental 
Printing in Magnetic Recording, B.B.C. 
Quarterly, Vol. 5, pp. 241-253, 1950. 
Wallace, R. L., Reproduction of Magnetically 
Recorded Signals, Bell System Technical 
Journal, Vol. 30, Pt. 2, Oct 1951. 
Review of Progress in Recording Materials, 
IEEE Trans. on Magnetics, September 1978. 
Bate, G., Survey of Recent Advances in 
Magnetic Recording Materials, IEE Trans. on 
Magnetics, July 1978. 
British Standard 1568 Magnetic Tape 
Recording Equipment. 

Dividing by fractions 
continued from page 6/ 

triangular in form, has a frequency of half 
the last component, that is 378Hz, and a 
peak-to-peak amplitude of 0.0055 of an 
input period or, for a s.c. input, 

226ns x 0.0055 =1.24ns 

The final component is sketched in Fig. 
6(c). The sequence A-B results in a phase 
error of —0.005T and B-C in an error of 
+0.006T. B-C has thus over-corrected for 
A- B  by  an  amount  of 
0.006-0.005=0.001T. The sequence A-C 
is repeated by C-E, . . . etc and each time 
an additional error of 0.001T accumulates. 
This is repeated five times to point K, 
when the accumulated error reaches 
0.005T. Since the sequence K-L is iden-
tical to that of A-B, a correction of 
—0.005T occurs, exactly eliminating the 
error. The steady accumulation of this er-
ror and its final elimination gives the jitter 
component seen in Fig. 6(c). It is nearly 
sawtooth in form, has a frequency of 68.75 
Hz and a peak to peak amplitude of 

226X 0.005 =1.13ns 

It has already been mentioned that re-
moval of these jitter components is done 
with a phase-locked loop. The count of the 
divider has been so arranged that the low-
frequency components of jitter are smallest 
in amplitude, as these are the most diffi-
cult to remove. If we set a specification of 
ins on the jitter, then both the final two 
components require little attenuation. The 
756.25Hz component is the most difficult 
as its frequency is relatively low and ampli-
tude high. At this frequency, we require 
41dB attenuation, and this can be readily 
achieved in the phase-locked loop shown in 
Fig. 7. 

The 111ns of jitter in a period of 65ms 
would give a p-p voltage perturbation of 
7mV at the output of the phase compara-
tor. For the moment ignoring any attenua-
tion in the low pass filter, after the d.c. 
amplifier, 70mV jitter will appear at the 
input of the v.c.o. It can be shown that for 
a sawtooth variation at the input of a v . c.o. 

the output phase variation will be 

delta 0 = 1/2 V K/f 

where 
delta 0 =p-p phase deviation at the output 
V=p-p voltage deviation at the input 
f=frequency of sawtooth waveform 
K=sensitivity of the v.c.o. in Hz/volt. 

If the sensitivity of the v.c.o. is 
100Hz/volt, the output phase jitter will be 

delta 0 = 1/2 x 0.07 x 100/756 
=0.0046 of an output period 

If the input frequency is SC, then the jitter 
will be 1.05ns. Thus, only a small amount 
of attenuation need be provided by the 
low-pass filter to meet specification. 
The circuit of Fig. 7 was the one used 

in the laboratory. If, as in an s.p.g., twice-
line or line frequency were being generated 
from SC (Fig. 2) a phase-locked loop with 
similar time constants could be used. 

2.2 divider 
Performing this division is far simpler than 
that of the previous section. The division is 
performed by dividing by 2 and 3 in the 
ratio of 4:1. By taking the output of the 
last flip-flop within the 7490 as in Fig. 8, 
we obtain a waveform which is low and 
high in the ratio of 4:1. This waveform is 
fed to the programming of the 9310, where 
it instructs a division of 2 and 3. The 
output then, as appearing on pin 15, has an 
average frequency of 2LF, if the input 
is 68.75kHz. The jitter components pre-
sent at the output will be 68.75kHz/5, i.e. 
13.75kHz. Recalling the jitter analysis 
done in section 3, it will be clear that this is 
above that which would cause jitter with 
the filter and v.c.o. chosen; even though 
its amplitude is high. 
If a division from SC to LF is required, 

the circuit shown in Fig. 9 would be suit-
able. This may be preferred, as it avoids 
the need for an extra flip-flop. The jitter 
frequencies would be similar to those for 
the 2.2 divider. 
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. . a control unit would consist of a 
volume control and a programme 
selector switch. 
In practice, correctly designed 

tone controls can make a significant 
contribution. 
For a constant sound level, 

replay from a gramophone record 
produces distortion which increases 
very rapidly at high frequencies — 
doubling in fact for every major 
third increase in pitch. 
There comes a point when the 

contribution of this distortion is 
increasing at a greater 
rate than the 

musical content and this is what 
- -!  t.t..I  44,„ Ott- Web LIM opti mu m setting t I-11G n.  

comprehensive Quad filter system, 
an essential and integral part of 
every Quad pre-amplifier. 
The rate of attenuation can be 

sèt anywhere between 0 and 25dB 
per octave starting at one of three 
frequencies 5k, 7k, or 10kHz and an 
appropriate setting can be found for 
each record to provide more of the 
music and less of the distortion. 
To learn all about the Quad 44 

write or telephone for a leaflet. 
The Acoustical 

Manufacturing Co. Ltd., 
Huntingdon PE18 7DB. 
Telephone: (0480) 52561. 

0.1J D* 
for the closest approach 
to the original sound 

QUAD is a registered trade mark. 
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*Cable Glands 
Cable diameter from 4mm-26rnm 

Option of flared skirt to 
,prevent cable chafe. 
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A clear case 
for West Hyde 
Hoseproof cases 
in aluminium and polycarbonate — 

two high quality ranges from 

West Hyde Both sizes are 
manufactured in a large range 
of sizes to VDE requirements 
and offer protection 

to standard 1P65. 

Either type can easily 
be machined to accept our new range of glass-

filled nylon Cable Glands.* The BOPAL' aluminium 
cases are competitively priced and give an extremely 

high strength to weight ratio. The 'BOPLAST' 
polycarbonate housings afford the same high 

degree of protection in an insulating material, 
and give the option of a transparent lid 

clearly a case for specifying West Hyde. 

West Hyde Developments Ltd., Unit 9, 

Paek Street Industrial EState, Aylesbury, Bucks 
Telephone: Aylesbury4)298) 20441  Telex: 83570 W HYDE G 

WW — 035 FOR FURTHER DETAILS 

SAW devices 
from flu ard. 
Backed by many years of research 

and development at Philips Research Lab-
oratories, surface acoustic wave devices are 
now available as production components. 

* RF front end and IF filters 
* Oscillators * Delay lines * TV IF filters 

Choose from a range of standard de-
vices or let us make a customised design 
to your requirements. 

For further details contact: 
Brian Buckingham ext 2679 or Jack 
McIlravey ext 2767 

Mullard 
MULLARD LIMITED, MULLARD HOUSE, TORRINGTON PLACE, LONDON WC1E 7HD. TELEPHONE: 01-580 6633. TELEX: 264341. 

Mullard manufacture and market electronic components under the Mullard, Philips and Signetics brands. 
WW-065 FOR FURTHER DETAILS 
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Surface acoustic wave devices 
2 — More on bandpass filters, delay lines and oscillators 

by R. J. Murray and P. D. White Philips Research Laboratories 

This second pari gives fuller informa-
tion on the specification, operation 
and performance trade-offs of band-
pass filters, delay lines and oscillators. 

Bandpass filters 
There are two types of s.a.w. bandpass 
filters. The first is the transversal filter, 
which consists of two or more interdigital 
transducers (see "principles") and is a 
travelling wave structure. These filters are 
wideband, with bandwidths of 0.2% to 
100% of centre frequency. Centre frequen-
cies in the range 10MHz-500MHz are 
readily achievable with a projected upper 
limit in excess of 1.5GHz. Design proce-
dures are similar to those used for digital 
filters. The second type of bandpass filter 
is the resonator kind, which consists of one 
or more i.d.t.s in a cavity formed by two 
surface wave reflectors. This structure 
supports a standing wave. Bandwidths of 
0.01% to 1% of centre frequency are feasi-
ble, with centre frequencies currently in 
the range 50-500MHz and ultimately 
greater than 1.5GHz. Design procedures 
are similar to those of conventional LC 
filters. 

Transversal filters. Fig. 7 (a) shows a 
s.a.w. transversal bandpass filter, which 
consists of two i.d.ts on a piezoelectric 
substrate. An electrical signal is fed into 
one transducer, converted to a surface 
acoustic wave, reconverted to electrical 
energy at the other i.d.t. and emerges as a 
filtered signal. An alternative structure is 
shown in Fig. 7 (b) which incorporates in 
the s.a.w. propagation path a multistrip 
coupler consisting of a series of parallel 
unconnected metal strips. This acts to 
transfer the surface wave from one track to 
another, providing discrimination against 
unwanted bulk waves which are also 
launched by i.d.ts. 
If two i.d.ts have individual frequency 

responses Hi(f) and H2(f), where f is the 
frequency, then the overall filter transfer 
function H(f) is given by: 

H(f)=Hi(f). 1/,(f)e-i2'  (1) 

where t = livo, L is the geometric centre-
to-centre separation of the i.d.ts, y is the 
s.a.w. velocity and * denotes complex 
conjugate. 

The filter, amplitude response A (I) is given 
by: 

A(f)=-111 1(f) . 11-12(f)1 

and the phase A(J) by: 

00,)=_231ft+tan _i{Im{He . ir;(f)}  }(3) 

Reflii(f) . HI(f)} 

If (Hi(f).H2* (f)) is wholly real or wholly 
imaginary, the phase variation El(f) in 
equation (3) becomes a linear function of 
frequency. This generally desirable 
property may be achieved by making each 
of the i.d.ts symmetrical or antisymmetri-

cal about its geometric centre. S.a.w. 
transversal filters are usually non-
minimum phase filters. This means that 
the amplitude and phase responses may be 
designed virtually independently of each 
other. In particular a very precisely de-
fined amplitude response (e.g. with steep 
sides, a flat or even equi-ripple passband 
and good stopband level) can be achieved 
whilst maintaining a linear phase response 
i.e. constant group delay, t. Typical delays 
are in the range 1 to 5µs. 
In general, spurious signals will arrive at 

the output transducer with a different time 
delay from that of the main signal. These 
cause ripples in the amplitude, phase and 

Electrical output 

Electrical input 

Uniform interdigital 
transducer 

Weighted 

Electrical input 

Multistrip coupler 

Weighted Ld.t. 

b) 

Fig. 7, (a) Sa w. transversal filter geometry; (b) s.a.w. transversal filter 
incorporating multistrip coupler to suppress unwanted bulk waves. 

Earthed métal strip 
(to reduce electromagnetic 
breakthrough 

substrate 

Electrical output 

Input signal 

Fig. 8. Triple transit mechanism in s.a.w. devices. The triple transit signal results 
from successive electrical reflections from the output and input transducers 
before detection. 
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group delay responses of the filter. These 
spurious signals can cause quite large de-
viations from the ideal response and appro-
priate steps are usually taken to minimize 
‘them. 
The most serious unwanted response is 

usually the triple transit signal which is 
illustrated in Fig. 8. This is caused by 
successive reflections from the output 
and input transducers before detection. If 
the main signal delay is t, then the triple 
transit signal is delayed by 3 t i.e. 2T more 
than the main signal. The period of ripples 
in the frequency response is thus 1/2T. 
The major contribution to the reflec-

tions which cause the triple transit signal is 
electrical and is a consequence of the three 
port structure of the i.d.t. The i.d.t. has 
two acoustic ports and one electrical port 
as shown in Fig. 9. When used for 
launching surface waves an electrical input 

Acoustic  Acoustic 
port 1  port 2 

Electrical port 

Acoustic  Acoustic 
port 1  port 2 

Electrical port 

Fig. 9. Three-port nature of the interdigital 
transducer. 

Input s.a.w. 

Input s.a.w. 

(a) 

lb) 

Fig. 10. (a) Spurious s.a.w. reflections from substrate end; 
(b) suppression of reflections from substrate end. These 
reflections cause distortion of the filter amplitude and 
phase responses. 

signal causes acoustic signals to be 
launched at both of the acoustic ports. If 
the electrical port is perfectly matched 
then half of the available power is de-
livered to each acoustic port. Conversely, 
if surface waves are incident on one acous-
tic port with the electrical port perfectly 
matched then half of the energy is de-
livered at the electrical port and one quar-
ter is delivered at each acoustic port. This, 
for a filter consisting' of two perfectly 
matched (electrically) conventional i.d.ts, 
the minimum theoretical insertion loss is 
6dB (never quite achievable in practice) 
and the triple transit signal is only 12dB 
below this level, which would result in an 
amplitude ripple of approximately 4dB 
peak-to-peak and a phase deviation from 
linear of approximately 25° peak-to-peak. 
For most applications ripples of this 

magnitude are totally unacceptable. The 
simplest technique for reducing the triple 
transit signal, and the most widely used in 
practice, is to operate the filter with a 
mismatched source and/or load im-
pedance. This increases the insertion loss 
but drastically reduces the level of the re-
flected signals. Using this technique a 
typical insertion loss is 20dB with peak-to-
peak ripples of less than 0.3dB in ampli-
tude and less than 2° from linear in phase. 
Therefore, when a filter has been designed 
to operate with mismatched terminations it 
is important to remember that any attempt 
to improve the match and thereby reduce the 
filter insertion loss will cause increased ampli-
tude and phase ripple. Other, more compli-
cated, methods of suppressing triple 
transit responses are available for use in 
filters with particularly difficult specifica-
tions. 

Acoustic absorber 

Attenuated 

reflected s.a.w. 

8 
HH 

There are several other spurious signals 
in s.a.w. devices which can be substan-
tially reduced by suitable design of the 
i.d.ts and substrate. Reflections from 
substrate ends are reduced by bevelling 
and applying acoustic absorber behind the 
i.d.ts as shown in Fig. 10. Reflections 
within i.d.ts are reduced by replacing each 
single electrode (a quarter of a wavelength 
wide) by a pair of like polarity ̀double' 
electrodes (each an eighth of a wavelength 
wide) as in Fig. 11. Spurious bulk wave 
responses can be attenuated by the use of a 
track changing multistrip coupler on high 
coupling materials and/or by treatment of 
the lower surface of the substrate. 

Resonator filters. A surface wave resona-
tor consists of one or more i.d.ts suitably 
positioned in a cavity between two efficient 
reflectors of surface waves as shown in Fig. 
12. Unlike the more familiar bulk acoustic 
waves employed in bulk wave resonators, 
surface waves cannot be efficiently ref-
lected by an abrupt discontinuity (e.g. a 
substrate edge) because this would cause a 
significant proportion of the energy to be 
mode converted into bulk waves. S.a.w. 
reflectors consist of a large number of 
small impedance discontinuities in the 
form of metal strips or grooves spaced by 
half a wavelength. This results in bandpass 
reflectors with peak amplitude reflection 
coefficients of typically 99% or higher. 
The resonant cavity will generally be cap-
able of supporting several standing waves, 
and the required mode is selected by 
careful design of the reflectors and the 
i.d.t. 
The electrical equivalent circuit of a 

Xo 

lb) 

Fig. 11. (a) Conventional 'single electrode' interdigital transducer; 
(b) equivalent 'double finger' interdigital transducer used to suppress 
mechanical reflections. 

one-port s.a.w. resonator is shown in Fig. 
13(a). This is similar to that of the familiar 
'quartz crystal' bulk wave resonator, con-
sisting of an LCR resonant section (the 
cavity) and a shunt capacitance dtie to the 
1.d.t. Two or more of these elements may 
be connected together to produce a 
coupled resonator. The equivalent circuit 
of a two port resonator is shown in Fig. 
13(b). The capacitor C, is defined by the 
coupling transducer and is given by: 

,„ 
C,=•-•zu — oNTNc  (4) 

where NT is the length of the input/output 
i.d.ts and Nc is the length of the coupling 
i.d.ts. 
Normal coupled resonator behaviour is 

observed as Nc is changed, as illustrated in 
Fig. 14. By appropriate choice of 
structure, including in some cases induc-
tive tuning, various standard filter types 
may be realised (Butterworth, Chebyshev, 
etc). In general, any number of resonators 
may be coupled together to form a 
multipole filter. A third-order filter is 
shown in Fig. 15. 
S.a.w. resonator filters are low loss nar-

rowband filters and are temperature stable 
if a quartz substrate is used. In the fre-
quency range of application (50-1500MHz) 
there are very few suitable alternative fil-
tering techniques and so the s.a.w. resona-
tor allows narrowband filtering to be im-
plemented at frequencies at which it has 
previously not been feasible. This has 
many implications in the design of modern 
systems where the filters may be included 
at the front end of communication systems 
and in the high frequency section. 
Design procedures for s.a.w. resonator 

filters are similar to those for LC filters 
and the filters are minimum phase. Unlike 
transversal filters, the phase response 
achieved for a given amplitude response is 
uniquely defined. 

Further details 
of delay lines 
S.a.w. delay lines consist of two i.d.ts 
suitably placed on a piezo-electric sub-
strate. If each i.d.t. is geometrically 
symmetric or antisymmetric (about its geo-
metric centre) then the delay line fre-
quency response is band-pass with a linear 
phase characteristic. Identical uniform 
transducers are usually used and the am-
plitude response is, therefore, (sin x/x)z 
(see section on "Principles"). Alterna-
tively, with a suitable asymmetric design 
of the i.d.ts the delay line can be made to 
be dispersive (i.e. the delay varying as a 
controlled function of frequency). 
Linear phase delay lines can be made 

with bandwidths of up to 100% of centre 
frequency over the frequency range of 
10MHz -1.5 GHz. Delays ranging from 
400 nanoseconds to 30 microseconds or 
more can be achieved. Relative delays of 
less than 400 ns can be achieved directly if 
electromagnetic breakthrough is not a 
problem, or as the differential delay be-
tween two delay lines. The most attractive 
feature of s.a.w. delay lines is that rela-

úcer 

/ /ee linpul sd  

( Pieza electric 
substrate 

Fig. 12. One-port s.a.w. resonator geometry showing the transducer located 
between two reflectors. 

(a) 

Fig. 13(a) Equivalent circuit of one-port 
s.a.w. resonator; (b) equivalent circuit of 
two-port s.a.w. resonator. 

Fig. 14. The effect of varying coupling on 
s.a.w. resonator response. Note that 
decreasing the value of the capacitance C, 
increases the coupling and results in a 
broader bandwidth and lower loss as with 
conventional filters. 
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tively large delays Can be achieved in a 
small volume. For an ST-X (temperature 
compensated) quartz substrate, a delay of 
ills can be obtained with an acoustic path 
length of 3.2mm. 
Applications include radar systems, 

electronic countermeasure systems and 
target simulators. S.a.w. delay lines can 
also be used in discriminator circuits such 
as that shown in Fig. 16 where a signal is 
fed to a double balanced mixer via two 
paths, one direct and the other through a 
s.a.w. delay line. Provided the delay line 
has a linear phase response the d.c. voltage 
output from the mixer is a cosine function 
of the input frequency and is approxi-
mately linear over a reasonable bandwidth. 
Linearity can be achieved over a wider 
bandwidth by limiting the signals at the 
mixer inputs to square waves. 

Further details of 
s.a.w. oscillators 
There are two distinct types of low noise, 
stable s.a.w. oscillators. The delay line 
oscillator employs a conventional s.a.w. 
delay line in the feedback loop of an ampli-
fier; the frequency may be linearly mod-
ulated by typically 0.1%. The one-port 
s.a.w. resonator can be used in essentially 
the same oscillator circuits as conventional 
bulk wave resonators, or two port resona-
tors can be used in an amplifier feedback 
loop. Resonator oscillators can only pro-
vide very narrowband linear frequency 

Fig. 15. A third order s.a.w. resonator filter 
(package size 28mm x 20mm). The central 
transducers and end absorber are clearly 
visible. 

modulation but can provide better noise 
performance. Both types of oscillator can 
work at fundamental frequencies in the 
range 10MHz-1.5GHz without additional 
multiplying circuitry. The devices are con-
siderably smaller, cheaper and lighter than 
conventional oscillator techniques. 

Wvvw.americanr diohistorv.com 
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Delay line oscillators. Fig. 17 is a sche-
matic representation of a s.a.w. delay line 
oscillator. The delay line consists of two 
i.d.ts separated by a distance L, with a 
delay of Llv corresponding to a phase shift 
at a frequency of (1:IDL,  where: 

(1)/3L = 2nif radians 

Oscillation will occur when the total 
phase shift around the loop is equal to an 
integer (n) multiple of 2n, i.e. 

Lf 
n2n 

where (1)x is the electrical phase shift 
around the loop (excluding delay line and 
phase shifter but including the amplifier) 
and 4..s is the phase change due to the 
phase shifter. The loop would thus 
support a comb of frequencies separated 
by 3f, where: 

Af = 

The required mode (at fc,) is selected by 
suitable design of the i.d.ts so that fre-
quency fo  is passed but frequencies 
f,±nvIL, where n is a non-zero integer, are 
located at nulls of the response of the delay 
line. One simple way to achieve this is for 
one i.d.t. to be a uniform transducer with 
N periods where N = (LIv)fo; this makes 
the centre frequency f, with traps of the 
sin x/x response at frequencies f,±nvIL. 
This technique is illustrated in Fig. 18. 
Transducers with a proportion of 
electrodes removed (thinned i.d.ts) are of-
ten used to increase frequency reproduci-
bility and to reduce internal reflections. 
The frequency of the oscillator loop may 

be modulated by variation of the phase in 
the phase shift circuit which usually incor-
porates one or more varicap diodes. The 
output signal can be taken at any point 
around the loop (but not usually immedi-

Fig. 6. Delay line discriminator using the 
good linear phase characteristics of the 
delay line. 

Variable 
phase 
shifter 

Amplifier 

Discriminator 
output 

Output 

Fig. 17. Delay line oscillator. The circuit will 
oscillate at a frequency where the total 
phase shift around the loop is an integral 
multiple of 27t. 
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Fig. 18. Loop frequencies and transducer 
response of s.a.w. delay line oscillator, 
showing the comb of loop modes, one of 
which (f0) is selected by the 
transducer response. 

ately after the modulator). For maximum 
power this would normally be immediately 
after the amplifier; for minimum noise, 
immediately after the delay line is best. 
The gain of the amplifier used must be 

greater than the loss around the loop and it 
is common to operate the loop with the 
amplifier saturated. The delay line loss will, 
typically be 10-20dB, depending on the 
electrical matching. 

Resonator oscillators. S.a.w. resonators 
(see earlier) are high Q components operat-
ing at frequencies of 50MHz and above. 
Unloaded Qs in excess of 20,000 can be 
achieved at 250MHz. This makes it pos-
sible to use these devices as oscillator 
control elements to provide stable sources 
at fundamental frequencies in the range 
50MHz to 1.5GHz. 

A s.a.w. resonator may be used in an 
oscillator as either a one-port or two-port 
device. If a two-port configuration is used 
then the circuit becomes similar to that 
used for delay line oscillators, i.e. an am-
plifier and a s.a.w. device in a feedback 
loop. The advantage of a resonator over a 
delay line in this case is that the amplifier 
need only provide 4 to 5dB of gain since 
the resonator has d lower insertion loss 
than the delay line. However, because the 
frequency response of a resonator is not 
linear phase, except over a very narrow 
range (approximately 0.02%), there is less 
potential for linear frequency modulation. 
If the resonator is used as a one-port 

device then the circuit would be similar to 
that used for bulk wave crystal oscillators 
(e.g. Colpitts, Pierce), and because of the 
higher frequency (at u.h.f.) the construc-
tion could be based on a cavity or resonator 
stabilized microwave oscillator. A single 
transistor can be used in some cases, giving 
à very compact oscillator. 

Frequency Synthesizers, 
Theory and Design, by Vadim Mannasewitsch. 
582pp. hardback. 
John Wiley, £19.25. 

This is the second edition of a book, first pub-
lished in 1976, which thoroughly describes a 
vast number of techniques, both practical and 
theoretical, for the generation of highly stable 
multiple frequencies using one reference — a 
subject which has only been serkiusly studied 
for around twenty years. It is written at a level 
suitable for graduate engineers. 
Chapter 1 prepares the ground for the suc-

ceeding sections, covering in outline a large 
number of techniques and circuit blocks used in 
frequency generation, and being followed im-
mediately by a chapter on the problems of spur-
ious modulation and frequencies, and phase 
noise in practical synthesizers. Two 'practical' 
sections provide advice on screening against 
electric and magnetic fields and on fault-
finding, and the three core chapters are con-
cerned with analogue and digital phase-locked 

loops and the basic circuits (mixers, amplifiers, 
dividers, etc.) needed for synthesizer operation. 
A further two chapters illustrate the techniques 
described earlier by reference to commercial 
synthesizers and frequency-reference sources. 
Important additions for the second edition are 
descriptions of direct digital synthesis and frac-
tional-N, phase-locked loops. 
Mannasewitsch has produced a clearly 

written treatise on this complex subject, which 
should be well suited to the needs of a working 
engineer who needs to acquaint himself quickly 
with the large number of techniques now in use. 
It is suggested by the author that the book 
would serve as a text for a course on the subject. 

Handbook for Radio Engineering Managers 
by J. F. Ross. 
947pp., hardback. 
Butterworth, £35.00 

The role of a manager in technical and economic 
planning, safety engineering, environmental 
consideration and the operation and mainten-

ance of large and small radio stations is well 
covered, in all its aspects, in this enormous 
book. It is organized in six sections, on manage-
ment and organization, engineering economy, 
safety practice, fires in radio installations, envi-
ronmental aspects and specifications and 
contracts. 
While management theory takes up a good 

deal of the book it is, in the main, a practical 
text, clearly the fruit of much experience. It is 
extremely comprehensive, treating not only the 
larger considerations of economics and 
planning, but minutiae such as precautions 
against the depredations of termites. Many 
photographs and drawings illustrate the text and 
it is pleasing to see a chapter on the engineer's 
obligation to the environment. Of particular 
interest to the British reader (the author is Aus-
tralian) is an account of the collapse of the Em-
ley Moor television mast in 1969, complete with 
photographs. 
A very valuable work for anyone involved 

with planning, installing or running a radio sta-
tion or network, whatever its size. 

Multipath distortion 
— does polarization matter? 

by Pat Hawker, Independent Broadcasting Authority 

'Many broadcasting authorities have 
introduced, or are planning to 
introduce, vertical or circular 
polarisation in the transmitted signal 
to help reception on vertical aerials in 
cars or on domestic receivers. 
However, there is some correlation 
between polarisation and an increase 
in distortion caused by receiving the 
signal from more than one source. 
Research in Japan and Germany has 
helped to analyse the problem. 

A recent survey article — "How serious is 
multipath distortion?" (Ref 1) — drew 
attention to the lack of recognition in the 
UK that multipath propagation is prob-
ably the most serious cause of the degrada-
tion of quality when v.h.f/f.m stereo 
broadcasts are reproduced in the home 
• through good quality equipment, even 
when reasonably careful regard has been 
paid to aerial installation. 
The article stressed that over 25 years 

after the start of regular v.h.f/f.m mono 
broadcasting in the UK (May 2, 1955) and 
about 15 years after the gradual introduc-
tion of pilot-tone stereo, there was still 
widespread lack of knowledge about the 
extent, and methods of mitigating 
multipath effects, induced to some degree 
by the reluctance of broadcasters, long 
concerned with the problem of encourag-
ing more listeners to use v.h.f/f.m rather 
than m.f/a.m, to draw attention, except in 
the most simplistic terms, to this problem. 
Since that article was written, several 

developments have taken place that de-
serve serious consideration by those in-
terested in high-quality reproduction of 
broadcasting. 
(1) While the original article drew atten-
tion to the work carried out by NHK in 
Japan, the information then available was 
limited to a short English-text summary. 
Full details of this valuable investigation 
have since been published by Mitsuo 
Ohara in IEEE Transactions on Broad-
casting (Ref 2). This paper makes it clear 
that multipath distortion is "far greater" 
on stereo than on mono transmissions and 
also reduces stereo separation (although 
the early investigations in the US and UK 
between 1940-1960 were of course 
confined to mono). Additionally it shows 
that multipath can be the cause of serious 
crosstalk into the broadcast programme of 
information carried on additional sub-car-
riers, including the SCA (subsidiary 
authorization channel) system widely used 
in the USA and, by implication, the 

ultrasonic tone signalling systems used in 
the UK, and the experimental 'programme 
labelling' systems, etc. 
(2) Investigations carried out in the Co-
logne area of West Germany, including 
212 site tests carried out from five specially 
equipped vehicles, and reported in EBU 
Review-Technical Part (Ref 3) indicate that 
the addition of a vertical component to 
horizontally polarized transmissions, that 
is any form of mixed polarization, signifi-
cantly increases rather than decreases the 
extent of multipath distortion, even for 
•listeners with good, outdoor horizontally 
polarized aerials. This report emphasises 
that from both the economic and purely 
technical points of view, the adoption of 
circular polarization in West Germany 
would be undesirable. This report has 
been published shortly after the BBC an-
nounced its intention (Ref 4) of adding a 
vertical component to the main BBC 
national v.h.f/f.m networks of Radio 1-4 
(with Wrotham to be modified in 1981), on 
the grounds of providing a better service 
for listeners using car radios, although the 
German investigators question even this 
assumption. 
(3) The vulnerability of digital systems 
(including teletext) to short as well as long 
term echoes was noted in the earlier arti-
cle. Since then it has become clear that 
British Telecom are experiencing more 
problems than they anticipated in the 
planning of high-speed digital networks 
(140 Mbit/s etc) even on strictly line-of-
sight microwave links. The Post Office Re-
search Review 1979 (Ref 5) notes that: 
"Analogue Lin (link) systems are relatively 
tolerant of the signal distortions produced 
by multipath propagation which will cause 
an increase in intermodulation noise . . . in 
digital systems, the signal components ar-
riving by alternative paths cause intersym-
bol interference . . . errors in the phase of 
the recovered carrier and timing signal 
which result in a more severe degradation 
in system performance". To overcome 
multipath propagation and deteriorations 
in cross-polar discrimination, both pheno-
mena which in this context vary rapidly 
with time, British Telecom are considering 
such remedies as aerial height diversity, 
adaptive spectrum shape equalization, 
adaptive decision feedback, etc —all 
systems of some complexity, particularly 
when, as appears likely, it was initially 
expected that the 'ruggedness' of digital 
transmission would not require these 
added costs. 
It is now clear that even well-planned 
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microwave links can suffer from multipath 
effects causing increased error rate, intense 
short-duration error bursts or unaccept-
able adjacent channel interference. The 
IEE E8 professional group (Radio commu-
nications Systems) are planning a Collo-
quium on Multipath Problems in May 1981. 
Although current thinking tends, for a 
variety of reasons, to favour digital systems 
it has to be recognised that there are cir-
cumstances where the gradual fall-off in 
performance of analogue systems is pre-
ferable to the g̀o/no-go' characteristics of 
digital. 

NHK multipath study 
The NHK work on distortion and cross-
talk caused by multipath propagation in 
v.h.f/f.m sound broadcasting constituted 
the first computer-assisted theoretical 
analysis of the relationship between 
multipath distortion and the relevant 
parameters. It provided a clearer picture of 
the characteristics of multipath distortion 
for both mono and stereo transmissions. It 
also included laboratory tests using a 
multipath simulator. Subjective listening 
tests were carried out using the simulator 
to investigate the relationship between the 
distortion and the reproduced sound qual-
ity under the influence of multipath distor-
tion. It should be appreciated that the Ja-
panese and American pre-emphasis time-
constant is 75 microseconds, whereas the 
European figure is 50 microseconds: this 
means that multipath distortion effects 
may be rather different in Europe than 
elsewhere. Nevertheless too much should 
not be made of this difference, since with 
both time-constants the effects of 
multipath tend to show up intermittently 
and selectively rather than as continuous 
distortion. Mitsuo Ohara shows that 
distortion increases with low percentages 
of modulation, particularly where there are 
long delay times on the reflected signals. A 
few examples of the results of this work are 
shown in Figs 3-4 and also in (Ref 1). 
Crosstalk —'monkey chatter' from a 67 

kHz-subcarrier SCA system is shown to 
reach peak values for delay times of about 
10 microseconds and about 20 micro-
seconds. There is little doubt that a 
multiplexed SCA channel can result in 
severe crosstalk to those listening on the 
main stereo programme channel; this was 
the experience noted by the BBC when 
experiments were carried out several years 
ago. The significance of the NHK work is 
that this can now be ascribed partly to 
multipath effects. Similarly it would not be 
unreasonable to suppose that the type of 
interference from the experimental pro-
gramme labelling signals reported by R. 
Camp in Wireless World (Ref 6) could arise 
either from receiver design or from 
multipath effects, though no indication of 
this could be gathered from the BBC com-
ments. 

Polarization and multipath 
The work carried out jointly by the Insti-
tut für Rundfunktechnik and West-
deutscher Rundfunk is particularly 
important in view of the increasing use 
being made in the UK of mixed polariza-
tion. In the form of "slant" polarization 
this was initially adopted by the BBC for 
their v.h.f/f.m local radio stations, and 
virtually all the ILR stations have used 
circularly polarized serials (although it is 
recognized that true circularity is nor 
necessarily maintained throughout the ser-
vice area). The main motivation for this 
was the 7 dB or so increase of signal 
strength when the signals are received on 
vertically polarized car radio aerials (or on 
portable receivers with telescopic rod 
aerials used out of doors in circumstances 
where there is little depolarization of the. 
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Fig. 5. Relationship between the delay time 
of an echo and the required D/U ratio if 
"monkey chatter" crosstalk from an SCA 
transmission into the main programme is 
to remain below —55dB (just perceptible). 
Note that crosstalk into the SCA-
programme from the main programme, 
due to multipath effects, is greater than 
crosstalk into the main channel. 

signals). There have also been some sug-
gestions that cp may provide more homo-
geneous coverage and possibly some re-
duction of multipath distortion. 
The German work confirms that close to 

the transmitter cp transmissions result in 
4-6 dB more received car-radio aerial 
voltage, even where the total power of the 
cp transmissions is unchanged from that of 
the normally horizontally polarized trans-
missions. However, it emphasises that ver-
tically polarized v.h.f signals are not 
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propagated as well as horizontally pofar-
ized signals: but in addition it strongly 
indicates that in normal terrain, there are 
many more (typically three times as many) 
long-term 'echoes' with vertically polar-
ized signals than with purely horizontally 
polarized signals. Unlike most previous 
studies, the German work was not 
confined to the sole criterion of received 
field-strength, but also the quality of re-
ception. The results are a surprisingly 
vehement rejection of the value of mixed 
polarization applied to broadcasting. 
The tests appear to have been conducted 

with typical German thoroughness. If one 
assumes that the methodology contains no 
hidden flaws, then the results of these tri-
als would seem sufficiently convincing as 
to suggest that the BBC should reconsider 
its decision to adopt mixed polarization for 
its main networks. It is not my purpose, as 
a member of the 'other' broadcasting orga-
nization, to make a partisan point. Indeed 
if the German work cannot be 'shot down' 
then there would appear to be every reason 
why both IBA and the BBC should at least 
reconsider future policy on local radio, 
though (as noted later) on lower-power 
transmissions a more convincing case for 
cp can be made on behalf of the v.h.f./f.m 
car radio listeners. For the quality-
conscious domestic listener, the key 
.fmding in the German experiment is that 
"it has been seen that the vertical compo-
nent excites long-range reflections which 
are so intense as to affect even reception 
with a horizontally-polarized aerial. It 
should be noted that this effect is apparent 
even with a very directional transmitting 
aerial. If the transmission is omni-
directional the long-range reflections may 
be even more severe". 
The German study also points out that 

when a vertical component is introduced, 
there will be problems of compatibility 
with existing domestic reception. A certain 
number of new listeners may be gained "at 
the expense of others who will lose their 
service". Existing gaps will not be filled to 
any great extent. 
While the German study indicates that a 

slightly inclined plane of polarization 
would help listeners with vertically-
polarized receiving aerials, it does not even 
wholeheartedly support such a compro-
mise. But did the German trials 'prove' 
only what those concerned wished to 
prove? 
IBA engineers commenting in 1975 on 

the performance of the early ILR circu-
larly polarized transmissions (Ref 7) noted 
that "the effects of multipath propagation 
on stereo broadcasts are well-known but 
often under-estimated. These effects occur 
far more often than is generally realised.' 
During the off-air loop tests we have found 
on occasions that the system performance 
measured at the studio was severely 
affected by these phenomena. It has been 
the case that two aerials, on the same 
building, often very close together, have 
had very different multipath perform-
ance". It was also noted that although 
multipath distortion is caused by the fun-
damental mechanisms brought about by 
the reflected signals, the actual amount of 

distortion above this figure is likely to vary 
greatly between different receivers, de-
pending mainly on the amount of limiting 
applied to the sub-carrier. 
Several years ago EBU Working Party K 

undertook a study of the work done by 
individual broadcasters on choice of opti-
mum polarization for v.h.f./f.m sound 
broadcasting. Their report (Ref 8) summa-
rised by F. Wise (formerly IBA) differen-
tiated between: (a) "services intended pri-
marily for high-quality receiving 
installations, probably with stereo, with no 
improvement to reception conditions for 
portable or car sets envisaged"; and (b) 
"primarily to reach the largest audience, 
especially those using portable or car sets. 
Account to be taken of those installations 
equipped to receive any existing transmis-
sions". For (a) the report came out firmly 
in favour of retaining horizontal polariza-
tion for existing and new services in all 
types of terrain where existing services use 
horizontal polarization. For (b) the corre-
sponding choice was 'mixed' polarization 
for 'flat or rolling terrain', but 'horizontal' 
for 'rugged' terrain. The report noted that 
reflections from the side of the direct sig-
nal path where the reflecting object may be 
a man-made structure, trees, hills or 
mountains will generally be of significantly 
greater magnitude for vertically-polarized 
transmissions, and that such transmissions 
are more likely to be affected by 
multipath. The evidence for increased re-
flections from behind the receiving point 
was then considered less convincing and 
the EBU Panel considered polarization 
unimportant, though noting that in Ger-
many some evidence existed that buildings 
tend to reflect vertically-polarized Band II 
signals more than those which are horizon-
tally polarized". The decision to convert 
BBC network transmissions to mixed 
polarization would appear to run contrary 
to the 1976 EBU report. 
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To conclude, it is necessary to stress that 
these comments are not intended as 
criticism of the BBC for playing down the 
multipath issue or even for their decision 
to add a vertical component to their net-
work transmissions. Rather it is a plea 
that, as listeners or as broadcasters, we 
should be more aware of the effects 
multipath radio propagation and polariza-
tion have on the transmission of high-qual-
ity analogue or high-speed digital signals. 
Only if we recognise the problem are we 
likely to overcome the worst effects, or at 
least minimise them. We are still all in the 
learning stage, but it is important for qual-
ity-conscious listeners to discover whether 
the results of the German tests can be 
accepted as correct. 
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Analog Devices has produced a brochure to 
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fiers and v-to-f converters. It can be obtained 
from AD at Central Avenue, East Molesey, Sur-
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Feltham Trading Estate, Feltham, Middx. 
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Engineering Recommendation G22/1, pub-
lished by the Electricity Council, is concerned 
with the use of devices which use the mains 
wiring to conduct signals. A copy can be ob-
tained from the Distribution Engineering 
Branch, the Electricity Council, 30 Millbank, 
London SW1P 4RD at a cost of £1. 

Prolog is a portable, multi-channel data acquisi-
tion and replay system, with dual microproces-
sor control over all operational functions. It is 
described by Microdata, the manufacturers, in a 
colour brochure, which can be obtained from 
the company at Monitor House, Station Road, 
Radlett, Herts. WD7 8JX.  WW410 

Verospeed's new catalogue is now available, 
containing 2500 items of hardware, components 
and instruments. The company will supply one 
off orders. Copies of the catalogue are available 
from Verospeed Ltd, Stansted Road, Boyatt 
Wood, Eastleigh, Hants. SO5 4ZY.  W W411 

The IEC have issued an international stan-
dard to achieve compatibility in the sub-systems 
and combination of sub-systems used in satel-
lite earth receiving stations. The publication 
sets conditions for the measurement of return 
loss, input and output levels, amplitude and 
frequency characteristics, static age. charac-
teristics, dynamic a.g.c. characteristics, and the 
group-delay/frequency characteristic. Interna-
tional Electrotechnical Commission, 1 Rué de 
Varembe, 1211 Geneva 20 Switzerland. 
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Amplitude sensing and control 
by Peter Williams, Ph.D. Paisley College of Technology 

There are two reasons for controlling the amplitude of a sinusoidal generator.The 
obvious one is where that amplitude affects the behaviour of some associated circuit 
or where its value is involved in consequent calculations. Less obviously any increase 
in amplitude changes the waveform because the output traverses more of the non-
linear range of the active devices. The harmonics resulting are returned to the input 
where intermodulation due to the non-linearities produces new components at the 
fundamental frequency. These are equivalent to a phase-shift in the fundamental and 
have the same effect in shifting the frequency of oscillation as would any other phase 
shift. The amplitude control mechanism is essentially a negative feedback system in 
which some property of the output amplitude is sensed, used to modify the feedback 
and hence to set the amplitude to a desired level. The first two networks contain 
elements whose resistance is temperature- and hence dissipation-sensitive. Their time 
constant is made long compared with the oscillation frequency. Amplitude then settles 
to a value at which the heating effect (r.m.s. dependent) brings the element resistance 
to a level at which the oscillation is self-sustaining. 

The r.m.s. methods involve elements that consume power and have of necessity a 
slow response. When to these factors the relatively high cost and possible temperature 
dependence are added, alternative solutions become increasingly attractive. The con-
dition for sustained oscillation at constant amplitude is that the loop gain be identically 
unity. When a non-linear network is included in the feedback loop then the loop gain 
can exceed the critical value at low amplitude ensuring that oscillation build up. As 
amplitude increases the signal forces the non-linear elements into regions of their 
characteristics where the loop gain falls to less than unity. The amplitude stabilizes 
such that the mean value of the loop gain is at the critical level. Stabilizing action is 
instantaneous in that there are no time-constants involved other than strays. Disadvan-
tage of the method is that it achieves its affect by deliberately distorting the feedback 
signal, though the remainder of the circuit may attenuate the harmonics as they pass 
through the frequency dependent network. The most common technique places a 
symmetrical pair of diodes (or series connected back-to-back zener diodes) so as to 
increase the feedback at higher amplitudes. A field-effect transistor having a low 
dynamic impedance at low voltages and then going into current limit would have the 
same effect placed in the other limb. 

A third method combines some of the advantages of the previous two. It uses only 
electronic devices, consumes negligible power and can introduce negligible distortion. 
It has the disadvantage that a deliberate time constant has to be introduced into the 
sensing action, though this time constant can be varied to suit the oscillation frequency 
(a property not shared by thermistors of lamps whose thermal time constants must be 
long compared with the period of the lowest desired oscillation frequency). The output 
is Oeak-rectified and the direct voltage is applied to the gate of a field-effect transistor. 
The on-resistance of the drain-source path is varied and can form part of a potential-
divider feedback loop. As shown the positive peaks generate a positive voltage that 
reverse biases the p-channel f.e.t. The value of ron increases and with it the feedback. 
Because the f.e.t. characteristic is non-linear it can only be used directly with very small 
voltage swings - preferably <Vp/10 where VP is the pinch-off voltage. With additional 
direct feedback across the f.e.t. as shown it is found that the linearity is markedly 
improved. The resistance across the capacitor is a compromise between speed of 
response and distortion; increased ripple worsens the second and is caused by at-
tempting to improve the first. 

The methods above have the amplitude sensing mechanism in the passive network, 
the assumption being that the amplifier is perfectly linear. It is equally feasible to 
incorporate the non-linearities in the forward path i.e. in the amplifier. The disadvan-
tage is that the harmonics are then fully present at the output, the filtering due to the 
RC network only being effective in reducing the distortion present at the input. In both 
cases the distortion is minimized by arranging the loop-gain for small signals to be 
only slightly greater than that required to sustain oscillation. This reduces the non-
linear excusions needed to bring the overall gain back to unity and hence reduces the 
distortion. If the non-linearities are symmetrical about the quiescent point then even 
harmonics are suppressed. 

None of the above examples demand high-Q passive networks as the distortion 
introduced via the non-linearities or the sensing mechanisms need not be large. These 
methods are thus acceptable for simple RC oscillators even though the attenuation of 
harmonics offered by these networks is relatively small. With LC oscillators or certain 
RC oscillators based on high-Q active filters the constraint is removed. If a high-Q 
band-pass circuit is driven by a square wave whose fundamental frequency is the filter 
centre frequency, then the harmonics are so reduced at the output that an almost pure 
sine-wave results. It is difficult to maintain the drive frequency at the filter centre 
frequency since each is subject to the usual tolerances. If instead the filter output is 
passed through a squaring circuit then its input is a square-wave of the appropriate 
frequency and constant amplitude. Provided the filter gain at the centre-frequency is 
constant then the constant amplitude square wave ensures an equally stable sinusoi-
dal output. The square wave can be obtained either by a simple diode limiter or with 
greater accuracy using a comparator with precision clipping. Antiphase feedback with 
diodes in the forward path of an amplifier are also found. 

Amplitude sensing and control 
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• Networks are used as 
amplitude-controlled 
negative feedback. At low 
amplitudes the steady-
state resistance is >2R 
for the thermistor or <R/2 
for the lamp. Hence feed-
back <1/3 and for stan-
dard Wien type oscilla-
tors the amplitude 
increases. Conversely at 
high amplitudes the feed-
back >1/3 and amplitude 
decays, stabilizing at the 
steady state level where 
the negative feedback 
just balances the positive 
feedback. 

• These methods are mostly used where only approximate 
amplitude limiting is required, though they are instantaneous in 
their action while using little power. The non-linearity makes 
analysis difficult. 

• The f.e.t. drain current IB=K(VGs-Vo)VDs -Vos2/2] 
For V05 -›0, ID-›k (VGs -Vo)Vos i.e. conductance 

ID 

v DS 

and is a linear function of the gate-source voltage. Hence vary-
ing the gate-source bias varies the conductance and hence the 
feedback. 
For the second circuit 

VDs+Vc 
VGS   2 

Substituting for VGs in the expression for ID above 

ID=   2 k[ (Vos+Vc V D S2 
V p V o s - - 2  

=k, 2 -VP)Vcis 

Hence the conductance 

Vos 

and is linear for all values of Vps while being a linear function of 
the new control voltage Vc. This modification allows control of 
the feedback without introducing any additional distortion into 
the system. 

111"For a second-order transfer function vo=ko+kivi+k2v, and a 
sinusoidal input vsinuit the output becomes 

vo=ko+kivsinuit+k2v2sin2cot 
V2 

=ko+kivsincot+ k 2 (1—cos 2ctit) 
2 

Hence there is a second harmon;c term in the output which 
expressed as a percentage of the fundamental term is proportio-
nal to the amplitude of the latter. Similarly higher-order terms 
result in higher harmonics, the absence of the nth harmonic in 
the output indicating the absence of the nth order term in the 
transfer function. Symmetrical transfer functions are preferred 
in that the even-order harmonic terms are thereby cancelled so 
that the lowest harmonic is the third harmonic. 

EXAMPLES 
1. A thermistor has a maximum permitted dissipation of 3mW 
and sets the output of a Wien bridge oscillator to 1V r.m.s. 
Choose a suitable value of resistor to complete the bridge. 

With 1V r.m.s. total voltage, thermistor has p.d. of =--,2/3V r.m.s. 
assuming a high gain amplifier. 

.*. 3.10-3   -9.10 I-  -3 2  2  -4.5mA r.m.s. 
/3   

1/3  103  
.". Series resistor R-4.5 • 10- 13.5 =745'2 

A suitable resistor might be 10012„ to keep the thermistor well 
below its maximum dissipation. 

2. At what output voltage does diode conduction commence in 
the simple diode amplitude control circuit? 

Diode voltage at which current flow commences -0.5V. But 
diode voltage is 2/3 of peak output 

3 
Output voltage--2x 0.5V 

R.m.s. output voltage= \/2 • 1=1.08V r.m.s. 

In practice higher values are required since this level corre-
sponds to only slight conduction, barely modifying the ampli-
tude response and requiring critical resistor adjustments. 

3. The peak sensing circuit has R=1Mil. If the frequency of 
oscillation is 1kHz, and the ripple across the capacitor is not to 
exceed 2% peak-peak, choose the corresponding capacitance. 

For small ripple, then as in simple recifier theory linear 
discharge is a reasonable assumption 

AV I 
At =C 

V 
and 

AV  t  io3 
• v 0.02 CR G.10 

10-9  
C-0.02  -=50nF. 

4. The ringing resonant circuit uses a filter with 0=10 a centre-
frequency gain of 20 and an approximate square-wave of 1.2V 
peak-peak. Determine the % 3rd harmonic at the filter output. 

For square-wave of amplitude 1.2V peak-peak, the fundamental 
and 3rd harmonic amplitudes are 

-4 x0.6 and —4 x0.6 
37t 

4 
Fundamental output 20x-jtx0.6 

Tv-
Hs 

e2 (on  Q S±W "2 

with (1=10 and H0 =20, i.e. H=20œn 
(on 

At w=3«), 

T-
2w, • j • 3(on  

• 2 
(nn 

-9wn2 .- ±o1 10 +w "2 

6j   
-8+0.3j-0.75j 

Tw=con  _  20  _27  
Tffl=3wn 0.75- 
1  1 

% 3rd harmonic= 27 x  100-.4.2% 
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Cassette deck 
Parts subject to wear have been 
kept to a minimum by eliminating 
belt drives, pulleys, friction 
clutches and mechanical brakes in a 
cassette recorder, designed by 
Revox, called the B710. These 
parts are avoided by using four 
direct-drive motors, two Hall com-
mutated magnetic-disc drive 
motors with inductive tacho gener-
ators for the capstans and two opti-
cal tacho-controlled tape-hub 
motors. Separate p.1.1. circuits with 
a common, crystal-based reference 
are used to control the capstan 
motor speeds. Damped solenoids 
engage the Sendust/ferrite heads 
and lock the cassette in position, 
and the whole drive mechanism is 
co-ordinated by a microprocessor to 
afford maximum protection to the 
tape. A four-digit display doubles 
as time-clock/timer readout and 
tape-position indicator, and has 
provisions for electronic set, cancel 
and recall of values for both func-
tions. Bar-type 1.e.d. indicators 
display the peak recording level. 
This recorder is designed for pro-
fessional use and switching for 
equalization, changeover, bias, 
muting and Dolby is electronic to 
avoid noise. F.W.O. Bauch Ltd, 49 
Theobold St, Borehamwood, 
Herts. 

W W301 

Data conversion kit 
A data conversion evaluation kit for 
engineers wishing to assess anal-
ogue-to-digital and digital-to-anal-
ogue converters for a certain appli-
cation is offered by Celdis. This kit, 
designed by Ferranti, costs £28 and 
comprises two 10-bit a-to-ds, six 8-
bit d-to-as, two 8-bit a-to-ds and 
two 8-bit d-to-a/a-to-ds with all the 
relevant data in folder form. The 
latter devices require only a com-
parator and a gate and clock signal 
to change their operation from d-to-
a to a-to-d. Celdis, 37 Loverock 
Rd, Reading, Berks RG3 lED. 

W W302 

Colour printer 
Printouts in seven colours can be 
produced using the CX80 matrix - 
printer from Integrex. Each of 
these colours, four of which are 
produced by mixing the three prim-
ary colours of the ribbon, is selec-
ted by one of seven control codes. 
In addition to 96 ASCII and 64 
graphics characters in r.o.m. there 
are 15 characters which can be pro-
grammed by the user and facilities 
for producing elongated and re-
versed characters. Line and form 
feed are also programmable. Nee-

PrIMOUSI 
dle addressing allows graphs, logos, 
teletext and other graphics to be 
printed in colour. The CX80 uses 
tractor feed paper up to 10in wide 
and can produce 80 columns, 60 
dots/in and print rates of 150ch/s 
max. Normal characters have a 5x7 
dot matrix and graphics characters 
a 6 x 7 matrix. A Centronics in-
terface is standard, but other in-
terfaces are available for the TRS-
80, Apple II and for RS-232C, 
20mA and IEEE 488. The price is 
£895 + v.a.t. Integrex Ltd, Church 
Gresley, Burton on Trent, Staffs 
DE11 9PT. 

W W303 

Fibre-optic interfaces 
A pair of small fibre-optic in-
terfaces called SEC10-1 can be used 
to transmit digital data optically 
over distances in excess of llan and 
at data rates of up to 15Mbit/sec. 
These modules, one a transmitter 
and one a receiver, are manufac-
tured by Lightdata and measure 
30 x 20 x 15nun without the fibre-
optic connector. The transmitter 
module operates on a 5V supply, 
but the receiver can be operated on 
4.5 to 12V, to give a t.t.l., d.t.l. or 
c.m.o.s.-compatible output. 
Connection is by four wire-wrap 
pins in d.i.l. formation on the base 
of each module. Fibre-optic cable 
can also be supplied by this com-
pany to provide a complete data 
transmission system with a bit error 
rate of better than 1 in 109. 
Lightdata Fibre Optic"Comrnunica-
dons, 129 Lindsey St, Epping, 
Essex CM16 6RE. 

W W304 

Computer 
interfacing a-to-d 
Analogue input data from sensors is 
processed to provide digital I/O 
data, for use with any computer or 
terminal which has a 20mA or RS-
232C port, by the µMAC-4000 
measurement and control system 
from Analog Devices. This system 
consists of a single 241 x 330mm 
board which provides sensor-signal 
conditioning, analogue multiplex-
ing, analogue-to-digital conversion, 
digital I/O, serial communications 
and a p.s.u. Up to four of these 
boards, each of which accepts 4, 8 
or 12 analogue inputs, can be used 
together to provide 48 channels: 
expansion boards can be used to 
allow up to 384 channels. A variety 
of isolating and non-isolating sig-
nal-conditioning modules which 
plug directly into the p.c.b. are 
available for voltage and current 
sensing and for direct connection to 
thermocouples, r.t.ds (resistance 

W W301 
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temperature detectors), strain 
gauges, etc. For control functions, 
eight mi.-compatible outputs and 
eight t.t.l. or optically isolated in-
puts are provided on each board. 
Conditioned signals are processed 
by a low-drift, programmable-gain 
amplifier and 13-bit, integrating a-
to-d converter. An 8085 processor 
with 6K r.o.m. and 1K r.a.m. are 
used to scale, linearize, convert into 
engineering units and store the 
converted input data. The data up-
dating rate can be either 15 or 30 
channels per second. A full duplex 
u.a.r.t. receives and transmits data 
at the serial i/o port over distancés 
of up to 10,000ft from the host 
computer, using 20mA loops (for 
baud rates under 600). Baud rates 
of up to 9600 and odd or even par-
ity are switch selectable and the 
20mA interface is isolated to 300V 
d.c. The two ASCII-based proro-
cols are compatible with assembly 
and high-level languages. Analog 
Devices Ltd, Central Avenue, East 
Molesey, Surrey KT8 OSN. 

W W305 

15in oscilloscope 
Various face-plates and phosphors 
are available for the 15in c.r.t. of 
the 1530 data oscilloscope from Ro-
bel Electronics Ltd. This oscillo-
scope, with its small spot size and 
high writing speed, can be used in a 
number of applications, including 
the monitoring of waveforms from 
computer-based analysers, radars, 
sonars and most processing 
systems, including a.t.e. Slew rates 
of 0.5µs/cm and one degree phase 
shift up to 25kHz are quoted for the 
identical X and Y amplifiers. An 
internal three-step attenuator, an 
external continuously variable 
attenuator, and input impedance 
selectors are provided for these am-
plifiers. The Z amplifier, with a 
rise-time of 3Ons, has differential 
inputs, with voltage ranges from 1 
to 10V. A gain/contrast control is 
also provided. The photo shows the 
oscilloscope displaying data from 
an f.f.t. spectrum analyser. Robel 
Electronics Ltd, Rose Industrial 
Estate, Cores End Rd, Bourne 
End, Bucks SL8 5AS. 

W W306 

Tunable 
bandpass filters 
This series of filters from March 
Microwave Ltd has octave tuning 
ranges with direct frequency read-
out, accurate to ±0.5%. A total 
frequency range from 30 to 
3000MHz is covered by 14 models 
and a choice of either 2 or 5% rela-
tive bandwidth between 3dB points 
is offered. Insertion loss at any 
tuned centre frequency is 2.5dB 
maximum for a 2% unit at 30MHz, 
and ldB maximum for a 5% unit at 
3000MHz. Attenuation is a 
minimum of 45dB at two band-
widths away from the centre fre-
quency, and the power-handling 

capability ranges from 35 to 60W. 
A single knob with slow-motion 
gearing is used for tuning and the 
readout dial is connected directly to 
the main shaft to avoid backlash. 
Special models can be constructed 
with different tuning ranges or 
steeper attenuation curves if re-
quired. March Microwave Ltd, 112 
South St, Braintree, Essex. 

W W307 

Ceramic resonators 
In applications where a timing ele-
ment is required, cost can often be 
reduced by using a ceramic resona-
tor instead of a quartz-crystal. Am-
bit CRM and CFE ceramic resona-
tors are available in the range 200 to 
600kHz and drift approximately 
0.3% in frequency from —20 to 
+80°C, with 0.5% drift over 10 
years. The CRM type is intended 
for use as a parallel resonator and 
the CFE type as a series element for 
use in bypass and trap applications. 
Both types are analogous to a 
quartz-crystal. Prices are 32p each 
or 19p for 100-up quantities. Ambit 
International, 200 North Service 
Rd, Brentwood, Essex CM14 4SG. 

W W308 

L.e.d. arrays 
L.e.d. arrays with five or six ele-
ments and rectangular faces are 
manufactured by Impectron Ltd 
for use as level meter readouts, 
front panel indicators or simple 
graphic displays. Each element, 
measuring 4.5 x 2rrun, is rated at 
50mA peak forward current and 2V 
maximum forward operating 
voltage, so the GL series arrays can 
be driven by t.t.l. outputs without 
buffering. Three one-colour ver-
sions, red, yellow or green, and one 
version with four green and two red 
elements are available. Luminous 
intensity varies between 0.2 and 
1.7mcd, depending on the colour 
selected. These 1.e.ds are also avail-
able in single form. IBR Electronics 
Group Ltd, Foundry Lane, 
Horsham, W. Sussex RH13 5PX. 

W W309 

W W305 

tefe .1 C 

W W306 

Zero insertion 
force sockets 
Under conditions where occasional 
field replacement of i.cs is unavoid-
able the Econo Zip from BFI 
Electronics can be used. These 
zero-insertion-force i.c. sockets 
are designed for production 
rather than test applications and the 
usual locking lever is replaced by a 
screw head. Otherwise, the socket 
is similar to other such devices on 
the market but the cost per unit has 
been kept low. Six versions are 
available to take 16, 24, 28, 40, 48 
or 64 pin i.c.s, and the contacts are 
gold-plated to 100um thickness. 
BFI Electronics Ltd, 516 Walton 
Rd, West Molesey, Surrey. 
W W310 

Magnet machining 
Permanent magnets from stock or 
supplied by the customer can be 
machined by Magnet De-
velopments Ltd. Their factory, 
they say, is equipped with slitting, 
slicing and spark-erosion machines, 
geared to machine and cut perma-
nent magnets accurately for proto-
types or short production runs. The 
range of magnets stocked by the 
company include sintered and 
bonded rare-earth types, sintered 
and flexible ferrites and cast-alnico 
types. A design advisory service is 
also available to customers. Magnet 
Developments Ltd, Unit 7, 
Headlands Trading Estate, Swin-
don, Wilts SN2 6JQ. 
W W311 
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WM) 
Cycling stille hertz 
My heart-rending experience with the bike 
(Feb. issue) did not go unnoticed. Keith 
Matthews, of the Wessex District Cyclists' 
Touring Association, writes to tell me not 
to be so lily-livered and to have another go 
(although he is much too polite to put in 
those words). It's all my fault, it seems - 
something to do with my not being "bike 
fit" and not having anything better to ride 
than a Moulton. Well, I'm quite ready to 
agree with him about my not being in 
shape for this sort of thing, but I always 
thought Moultons were nice little bikes. 
Maybe that's the trouble: I ought to have 
one of those spidery contraptions with a 
saddle like an emaciated razor blade and 
handlebars bent down to somewhere near 
the front hub. 
I am considerably encouraged, however, 

by Mr Matthews' assertion that most car 
drivers will give way to a bikie (I am in-
formed that I cannot be a cyclist until I 
graduate - maybe by riding the three 
miles without my feet touching the ground 
or being provoked to personal abuse) be-
cause they realise that if they hit you, you 
will probably bleed all over the paintwork, 
which will mean a visit to the car wash, a 
matter of some inconvenience and ex-
pense. 
The real point of his letter was not, 

however, all the above, but was contained 
in the last sentence. He assumes that I 
shall take up my cycling career again after 
its disastrous start, and will want to try the 
bike computer this all started with in the 
February issue. When I do, he says, I shall 
discover that it is unreliable above 
30m.p.h. (my italics). That, I think, ade-
quately demonstrates the gulf that 
separates us bikies from real cyclists. 
Thirty miles an hour! Come now, Mr Matt-
hews, I had in mind a rather more sedate 
progress than that. They used to say that 
people would suffocate,and die at speeds 
over- 20m.p.h., and for all I know, they 
could be right. No, as long as I go fast 
enough to avoid the danger of falling off 
sidewayS, I reckon that's enough for any-
one. I have no ambition to achieve the 
yellow jersey to go with the plaster and 
bandages that would be the certain result 
of my travelling at 30m.p.h. 

Thing-urn-a-jig 
O frabjous day! Calloo! Callay! The dual 
snubberless Schottky is with us! 
I do beg your pardon - I was so 

overcome by the arrival of a bit of paper 
announcing the availability of the d.s.S. 
that I felt a little outgrabing of the old 
momerath was permissible. But it's all 
right - I'll stop now, or Ed. will vorpal 
the page right here. 

Isn't it lovely, though? Anyone whose 
imagination is untouched by a chance to 
use a dual snubberless Schottky must be a 
cold fish indeed, I should think. Not just 
one, mark you, but a dual package of the 
frumious little beasts. Now that they're 
here, and not before time, if you ask me, 
we've got to find something really beamish 
to do with them, before some dreadful old 
square Writes in to say they're intended as 
rectifiers, or some such earthbound fate. 
It doesn't need much thought to see that 

a dual snubberless Schottky is not a device 
you can tie down to anything too specific. 
It needs a free rein - to be allowed to 
breathe and develop in an atmosphere of 
(Oh, look, is there going to be a lot more of 
this? Ed.) 
You have no idea how frustrating this 

job can be sometimes. I was only going to 
say that a d.s.S. could be the very thing for 
one of those electronic games, maybe 
Hunting the Snark, each player being 
armed with a paddle-controlled vorpal 
blade. Every time a v.b. went 'snickers-
nack' the d.s.S. would light up, or some-
thing. 
Well, it's only a thought. You can't give 

a device a name like dual snubberless 
Schottky and expect people to use it for 
anything too serious. 

Spoilt by choice 
I've been watching the domestic television 
recording scene for some time now (video, 
it appears to be called, for some reason) 
with the kind of feelings I would expect 
Neanderthal Man to have experienced 
when confronted by an array of arrow 
heads down at the stonemonger's. All he 
wanted was a couple of dozen plain, ordi-
nary arrowheads for the start of the 
bronto-shooting season and here was this 
character offering him umpteen models to 
fit different shaft sizes: all equally well 
chipped, mind you, but totally incompati-
ble. Manners were fairly elementary then, 
of course, and for such an act of thought-
lessness, Neanderthal was quite likely to 
split the stonemonger down the middle 
and use his skin for trousers, appeals to 
his better nature notwithstanding. Head-
strong, they were, in those times, and 
direct to the point of rudeness. 
Time has had its effect on Homo sapiens 

and I'm not sure that a bit more directness 
wouldn't be a bad thing, particularly when 
dealing with all these clever people who 
keep on inventing video tape recorders and 
video disc players that do more or less the 
same job but are just different enough to 
prevent you using the software from one 
machine on another. I don't for a moment 
think that they are deliberately contemptu-

ere 
ous of the public's needs and wishes: in 
fact, I don't even think they give much 
thought to the public's needs and wishes, 
apart from the need to 'create' a market 
and persuade people to buy their wares. If 
they happen to think that their electronic 
equivalent to the arrow shaft should be 
Vtin in diameter, they'll go ahead and 
make millions of arrows to fit, regardless 
of the fact that someone else is making 
them 5/sin in diameter, and has been for 
years. 
It's no good at all saying that it's up to 

the buyer to make his mind up: how many 
people who simply want to record the 
television Shakespeare canon or transfer 
Nationwide to a more convenient time are 
in a position to make a difficult technical 
choice between the different v.c.rs? And 
how many will be able to decide between 
the three methods of reading a video disc, 
or realise that you can't play Philips discs 
on a JVC player, while all the time consid-
ering the claims of several firms to have the 
best disc library? 

Quiet, please! It's 
breakfast time 
When I was a bit younger, I used to have a 
finely tuned timetable in the morning. 
Everything was worked out to the nearest 
couple of microseconds, and a few seconds 
spent in putting a new blade in the razor, 
or a serious lapse in concentration result-
ing in the soap getting itself lost in the 
bathwater could cause havoc. Many's the 
time I've been ejected from the house 
without a second cup of coffee. 
I've relaxed a bit, now. For one thing, I 

don't have to drive my wife to school since 
she gave up teaching and, for another, I've 
learned more sense. The move to Sutton 
has helped, too. I now take my mornings 
'very gently, luxuriating over a leisurely 
bath, savouring a proper breakfast and 
invariably having a second cup of coffee. 
Even so, taking all this gracious living 

into account and making due allowance for 
the need to keep abreast of world affairs, I 
can see no possibility of television getting a 
look in at that time in the morning. There 
are many things I want from life, but 
television with my crispy bacon and 
scrambled eggs is not one of them. As far 
as I am concerned, thanks, but no thanks, 
particularly if there are to be any of those 
indecently vivacious commercials for 
orange juice, or Snappaflakes, or what-
ever. And what of the news itself? Most of 
it is quite bad enough when printed in a 
newspaper, but spoken right out loud, just 
like that, by a television person - well, 
it's enough to curdle the milk. 

HI-FI 
DRIVE 
UNITS 

WILMSLOW 
he firm for Speakers 

' AUDAX HD12.9D25  £8.75 
AUDAX HD11P25EBC  £7.50, 
AUDAX HD20825H4  £14.95 , 
AUDAX HD13D34H  £12.95 
AUDAX HD24S45C  £21.95 
AUDAX WFR155  . £23.95 
CHARTWELL CEA205  pair £61.25 
COLES 4001  £7.65 
COLES 3000  £7.85 
'COLES 3100  £7.95 
COLES CE2000 61/2 "  £14.95 
.CELESTION HF1300 II  £12.50 
CELESTION HF2000  E12.50 
DALESFORD D10 tweeter  £8.45 
DALESFORD D10 ferrofluid  £8.95 
DALESFORD D30/110  £11.25 
,DALESFORD D50/153  £12.25 
DALESFORD D50/200  £12.25 
DALESFORD D100/ 250  £29.95 
DALESFORD 0300  £35.75 
DECCA London Horn  £79.95 
ELAC 6NC204 61/2 "  £7.50 
ELAC 8NC298 8"  £8.95 
EMI type 350, 13" x 8", 4 ohm  £9.45 
EMI 14A/770, 14" x 9", 8 ohm  £19.50 
ISOPHON KK8 /8  £8.15 
ISOPHON KK10/8  £5.45 
JORDAN WATTS Module  £24.95 
JORDAN WAITS Module Mk III  £26.50 
JORDAN WATTS HF kit  £10.50 
JORDAN 50mm unit  £33.50 
JORDAN crossover  £34 pair' 
KEF 727  £9.45 
KEFB110  £12.25 
KEF 8200  £13.50 
KEF B139  £27.75 
KEF DN12  £9.40 
KEF DN13  £6.75 , 
LO WTHER PM6  £63.00 
LOWTHER PM6 Mk I  £67.75 
LOWTHER PM7  £99.00 
PEERLESS K010DT  £10.95 
PEERLESS DT1OHFC  £10.50 
PEERLESS K040MRF  £13.60 
RICHARD ALLAN CG8T  £13.50 
RICHARD ALLAN CG12T Super  £29.50 
RICHARD ALLAN HP8B  £20.75 
RICHARD ALLAN LPBB  £14.50 

RICHARD ALLAN HP12B  £33.50 
RICHARD ALLAN DT20  £9.95 
RICHARD ALLAN DT30  £10.75 
SEAS H107  £9.95 
SEAS H211 ferrofluid  £10.95 
SHACKMAN ES units  £136 pair 
SHACKMAN ES units with cabs. £170 pair 

› OF WILMSLOW 
SWIFT 
The firm for Hi-Fi 
5, Swan Street 
Wilmslow, Cheshire 

PA GROUP & 
DISCO UNITS 

CELESTION G12/ 50TC  £19.50 
CELESTION G12/ 80CE  £24.50 
CELESTION G12/ 80TC  £23.75 
CELESTION G12/ 125CE  £42.00 
CELESTION G15/ 100CE  £37.95 
CELESTION 015/ 100TC  £38.50 
CELESTION G18/ 200  £84.75 
CELESTION Powercel 12/150  £66.00 
CELESTION Powercel 15/250  £88.00 
FANE CLASSIC 45 12"  £13.95 
FANE CLASSIC 55 12"  £15.50 
FANE CLASSIC 80 12"  £19.75 
FANE CLASSIC 85 15"  £26.00 
FANE CLASSIC 150 15"  £37.95 
FANE CLASSIC 125 18"  £43.95 
FANE CLASSIC 175 18"  £47.95 
FANE GUITAR 80L 12"  £26.25 
FANE GUITAR 80B/2 12"  £27.25 
FANE DISCO 100 12"  £28.75 
FANE PA85 12"  £26.75 
FANE BASS 100 15"  £39.00 
FANE CRESCENDO 12E 12"  £57.50 
FANE CRESCENDO 15E 15"  £74.50 
FANE CRESCENDO 18E 18"  £94.75 
FANE COLOSSUS 15E 15"  £99.95 
FANE COLOSSUS 18E 18"  £107.00 
FANE J44  £6.90 
FANE J73  £10.90 
FANE J104  £15.95 
FANE J105  £23.95 
GAUSS 3181A 10" 150 watts  £115.00 
GAUSS 4281 12" 300 watts  £146.00 
GAUSS 4581 15" 300 watts  £162.00 
GAUSS 4583A 15" 400 watts  £162.00 
GAUSS 4882 18" 400 watts  £220.00 
GOODMANS 8PA  £5.05 
GOODMANS PP12  £22.50 
GOODMANS 0112  £25.50 
GOODMANS GR12  £24.95 
GOODMANS 18P  £48.45 
GOODMANS HIFAX 501-IX  £21.85 
GOODMANS HIFAX 100HX  £24.50 
McKENZIE C12100GP  £24.45 
McKENZIE Cl 2100TC  £24.45 
McKENZIE C12100 bass  £24.45 
McKENZIE C12125GP  £39.95 
McKENZIE C12125TC  £39.95 
McKENZIE GP15  £35.10 
McKENZIE TC15  £35.10 
McKENZIE C15 bass    £59.60 
MOTOROLA PIEZO HORN 31/2 "  £8.50 
MOTOROLA PIEZO HORN 2"  6" £12.25 
RICHARD AL LAN I-ID8T  £20.25 
RICHARD ALLAN HD1OT  £21.75 
RICHARD ALLAN HD12T  £29.75 
RICHARD ALLAN HD15  £52.75 
RICHARD ALLAN HD15P  £52.75 
RICHARD ALLAN 15"  £77.00 
RICHARD ALLAN 18"  £96.00 

WILMSLOW 
AUDIO 

KITS FOR MAGAZINE DESIGNS 

Kits include drive units, crossovers. 
BAF/Iong fibre wool, etc, for a pair of 
speakers 

Carriage £3.95 
unless °thornier, stated 

Practical Hi Fi & Audio PRO9-TL 
including felt panels and level controls 

£152.75 
carriage £5 

Hi Fi Answers Monitor  £148.00 
Hi Fi News State of the Art  £189.00 
Hi Fi News Midiline  £99.75 
Hi Fi News Miniline  £49.00 
Hi Fi News Tabor with J4 bass units 

£66.00 
Hi Fi News Tabor with H4 bass units 

£70.00 
Hi Fi for Pleasure Compact Monitor 

£116.00 
Hi Fi for Pleasure E.C.M. (includng felt 
panels, foam etc)  £77.50 

carriage £5 
Popular Hi Fi Jordan System 1 £125.00 
Popular Fi Mini Monitor  £77.00 
Popular Hi Fi Round Sound 
including complete cabinet kit  £74.00 
Practical Hi Fi and Audio BSC3  £65.00 • 
Practical Hi Fi and Audio Monitor 

Practical Hi Fi and Audio Triangle 
£120.00 

Practical Hi Fi & Audio DBS4  £85.00 
carriage £5 

Everyday Electronics EE20  £29.50 
Everyday ELectronics EE70  £150.00 

carriage £5 
Wireless World T.L. KEF  £125.00 
Wireless World T.L. RADFORD £190.00 

Smart badges FREE with all the 
above kits (to give that professional 
touch to your DIY speakers). 
Reprints/construction details of the 
above designs 10p each. 

WILMSLOW AUDIO BA1 
sub bass amplifier/ 
crossover kit  £37.95 

plus £1 carriage 

ALL PRICES INCLUDE VAT @ 15% 
and are correct at 1/2/81 

SEND 50p FOR 56-PAGE CATALOGUE 
'CHOOSING A SPEAKER' 

(or price list only free of charge) 
Export Catalogue £1 or 83 U.S. 

Tel. 0625 529599 for speaker drive units, kits, PA equip-
ment, mail order enquiries, and all export 

enquiries. 

Tel . 0625 526213 for Hi-Fi equipment and complete 
speaker enquiries. 

= I Lightning service on telephoned credit card orders! I n 

EVERYTHING IN STOCK 
FOR THE SPEAKER 
CONSTRUCTOR! 

BAF, LONG FIBRE WOOL, FOAM, 
CROSSOVERS, FELT PANELS; COM-
PONENTS, SPEAKER STANDS, 
BRACKETS, ETC. 
LARGE SELECTION OF GRILLE 
FABRICS. 

(Send 22p in stamps for grille fabric 
samples) 

SPEAKER 
KITS 

PRICES PER PAIR 
CARRIAGE £3.95 

UNLESS OTHER WISE STATED 

COLES NIMBUS KIT 
(mounted on baffle) 
DALESFORD SYSTEM 1 
DALESFORD SYSTEM 2 
DALESFORD SYSTEM 3 
DALESFORD SYSTEM 4 
DALESFORD SYSTEM 5 
DALESFORD SYSTEM 6  £95.00 
DALESFORD 'D' KIT (including cabinet) 

£79.95 
KEF Reference 104aB kit 

£133.00 plus £5 carriage 
KEF Cantata kit  £199.00 plus ES carriage 
LS3 Micro Monitor kit  £76.00 

£132.75 
£139.95 
£199.00 
£181.00 
£243.00 
£309.00 
£450.00 
£55.50 

£69.00 

£54.00 
£57.00 
£104.00 
£110.00 
£142.00 

LOWTHER PM6 kit 
LOWTHER PM6 Mk 1 kit 
LOWTHER PM7 kit 
RADFORD Studio 90 
RADFORD Monitor 180 
RADFORD Studio 270 
RADFORD Studio 360 
RICHARD ALLAN Tango Twin 
RICHARD ALLAN Maramba  £77.50 
RICHARD ALLAN Charisma  £111.00 
RICHARD ALLAN Super Triple  £102.50 
RICHARD ALLAN Super Saraband II 

£159.95 
RICHARD ALLAN RA8 kit  £62.75 
RICHARD ALLAN RA82 kit  £98.75 
RICHARD ALLAN RA82L kit  £108.00 
SEAS 223  £42.50 
SEAS 253  £67.00 
SEAS 403 
SEAS 603  £134.95 
WHARFEDALE DENTON XP2 kit  £31.45 
WHARFEDALE SHELTON XP2 kit  £40.40 
WHARFEDALE LINTON XP2 kit  £56.20 
WHARFEDALE L60 kit  £52.50 
WHARFEDALE L80 kit  £72.00 
WHARFEDALE L100 kit 
WHARFEDALE E50 kit 
WHARFEDALE E70 kit 
WHARFEDALE E90 kit 

£87.00 
£129.00 
£160.00 
£249.50 

CARRIAGE & INSURANCE 
Tweeters/ Crossovers  70p each 
Speakers 
4" to 61/2 "  90p each 
8" to 10"  £1.10 each 
12", 13" x 8", 14" x 9" £2.00 each 
15"  £3.00 each 
18"  £5.00 each 
Speaker Kits  £3.95 pair 
Mag. Design Kits  £3.95 pair 

unless otherwise stated 

n WIL AISLOW 
The firm for Speakers   

35/ 39 Church Street 
Wilmslow, Cheshire 

WW - 021 FOR FURTHER DETAILS 
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 I. 

DOMESTIC 
PROBLEMS? 

Look in our magazine - 
maybe we have the quick answer. 

Every month we present designs that are useful 
both around the home and for leisure — including 
motoring, music, photography and games. 

II MIMMI MIL,rHIS MONTH: 

aex 4.  
* 

4Ilir e 4h, ;4* '41r,  

•lr 

DIGITAL RULE 
Uses ultrasonic pulses 
to determine  distance. 
Handy for taking approxi-
, mate measurements be-
tween awkward points. 

ELECTRONIC SWITCH FOR MOTORS 
A modern triac design to eliminate the trouble-
some centrifugal starting switch. Suitable for 
single phase induction motors, reversible or non-
reversible. 

DON'T LET YOUR GOODS GO BAD... 
A simple design to alert you to a mains power 
failure and avert the possibility of ruined food. 

INTERCOM 
Mains powered two-station system. Can be used 
as a doorbell with speech communication to 
identify unknown visitors. 

figefellcs 
APRIL ISSUE OUT N OW 60p 

C 
bu  

eUl313ER PUCK 
CALLING LOGI 8AIRD-
"SAY MAC, WHERE 

DO / GET 
.F TRANSISTO RS ?fr 

ANGLIA OF COURSE!! 
THEY'VE ALwAYS GOT 
W HAT  WANT, MOTOROLA 

MRF AND TAPANESE 
REPLACEMENT TYPES-

BURDETT ROAD, 1NISBECH, 
CAMBS. PE13 2PS. 

TEL. 0945 63281 TELEX 32630 
41•11t 

WW — 058 FOR FURTHER DETAILS 

•  

PURE GOLD! 
Top-quality, low-profile, gold-plated contacts, 

IC SOCKETS 
8 pin  8p 
14 pin  14p 
16 pin  16p 
18 pin  18p 
20 pin  20p 
22 pin  22p 
24 pin  24p 
28 pin  28p 
40 pin  40p Unbeatable value! 

Minimum Order £10. Add £1 P.8tR 
500 + and one type less 5%. 1,000 + any mix less 10%. 

Special offer 10 x 8 pin, 20 x 14 pin, 20 x 16 pin. 5 x all others 
£11.50 

ORION 
Orion Scientific Products Ltd., 10 Wardour St., London, W.1 

10.  15.  20 
WORLDRANGER 

TRIBANDER TRIBANDER 

eitx   

'par excellence' 

AERIAL £135  BALUN £12.50 
Plus VAT  Plus VAT 

BARNET METAL & CAR CO. LTD., 
Tewin Road, Welwyn Garden City 

Herts. AL7 1AG 
Telephone: Welwyn Garden 24327 
Telex: 2'8125CM:de: BARMECO 

Cabinet size 31.1" x 19.6" x 7.6" (rear) 3.4" (front) 

TRANSCENDENT 2000 SINGLE BOARD SYNTHESIZER 
Designed by consultant Tim Orr (formerly synthesizer designer for EMS Ltd.) and featured 
asa consiructional article in ETI, this live performance synthesizer is a 3 octave instrument 
transposable 2 octaves up or down giving sweep control, a noise generator and an ADSR 
envelope shaper. There is also a slow oscillator, a new pitch detector, ADSR repeat, 
sample and hold, and special circuitry with precision components to ensure tuning 
stability amongst its many features. 
The kit includes fully finished metalwork, fully assembled solid teak cabinet, filter sweep 
pedal, professional quality components (all resistors either 2% metal oxide or 1/2 % metal 
film), and it really in complete — right down to the last nut and bolt and last piece of wire! 
There is even a 13A plug in the kit — you need buy absolutely no more parts before 
plugging in and making great music! Virtually all the components are on the one 
professional quality fibreglass PCB printed with component locations.- All the controls 
mbunt directly on the main board, all connections to the board are made with connector 
plugs and construction is so simple it can be built in a few evenings by almost anyoné 
capable of neat soldering! When finished you will possess a synthesizer comparable in 
performance and quality with ready-built units selling for many times the price. 

Comprehensive handbook supplied with all complete kits! This fully describes 
construction and tells you how to set up your synthesizer with nothing more elaborate 
than a multi-meter and a pair of ears! 

COMPLETE KIT ONLY 
£168.50 + VAT! 

NEW! TRANSCENDENT POLYSYNTH 

PIIIVERTRAN  11111113011Elit PilIMIN111 

TRANSCENDENT DPX 
Another superb design by 
synthesizer expert Tim Orr 

published in 
Electronics Today International 

COMPLETE KIT 
ONLY 

£299 + VAT! 

Cabinet size 24.6" x 15.7" x 4.8" (rein.) 3.4" (front) 

EXPANDABLE POLYPHONIC SYNTHESIZER 
AS FEATURED IN ELECTRONICS TODAY 

INTERNATIONAL 
By brilliant design work and the use of high technology components the Polysynth brings to the 
reach of the home constructor a machine whose versatility and range of sounds is matched only 
, by ready-built equipment oosting thousands of pounds. Designed by synthesizer expert Tim Orr 
and published in Electronics Today International, this latest addition to the famous 
-Transterident family is a 4 octave (transposable over 71/2 octaves) polyphonic synthesizer with 
. internally up to 4 voices making it possible to play simultaneously up to 4 notes, whereas 
conventional synthesizers handle only one at a time. 
The basic instrument is supplied with 1 voice and up to 3 more may be plugged in. A further 4 
voices may be added by connecting to an expander unit, the metalwork and woodwork of which 
is designed for sue-by-side matching with the main instrument. Each voice is a complete 
synthesizer in itself, with 2 VCOS, 2 ADSRS, a VCA and a VCF (requiring only control voltages 
and power supply, the voice boards are also very suitable for modular systems). One of these 
voic.0 automatically allocated to a key as it is operated. There are separate tuning controls for 
each VCO of each voice. All other controls ere common to all the voices for ease of control and to 
ensure consistency between the voices. 

Although using very advanced electronics the kit is mechanically very simple with minimal 
wiring, most of which is with ribbon cable connectors. All controls are PCB mounted and the 
voice boards fit with PCB mounted plugs and sockets. The kit includes fully finished metalwork, 
solid teak cabinet, professional quelity components (resistors 2% metal oxide or metal film of 
(1.5% and 0.1%), nuts, bolts, etc. 

COMPLETE KIT ONLY £320 
+ VAT (Single Voice) 

Extra voices, E52 + VA1 or V18 + VAT it oularad with kit. 

EXPANDER, COMPLETE KIT £295 
+ VAT 

MULTI-VOICE SYNTHESIZER 

.  _ 
! Cabinet size 36.3-" x 15.0" x 5.0" (rear) 3.3" (front) 

The Transcendent DPX is a really versatile 5 octave keybdard instrument. These areitwo audio outputs which can be used simultaneously. On the first there is a beautiful harpsichord or reed 
sound—fully polyphonic, i.e you can play chords with as many notes as you like. On the second output there is a wide range of different voices, still fully polyphonic. It can be a 
straightforward piano as a honky tonk piano or even a mixture of the two! Alternatively you can play strings over the whole range of the keyboard or brass over the whole range of the 
keyboard or should you prefer — strings on the top of the keyboard and brass 4 the lower end (the keyboard is electronically split after the first two octaves) or vice-versa or even a 
combination of strings and brass sounds simultaneously. And on all voices you catyswitch in circuitry to make the keyboard touch sensitive! The harder you press down a key the louder it 
sounds —'just like an acoustic piano, The digitally controlled multiplexed system makes practical touch sensitivity with the complex dynamics law necessary for a high degree of realism. 
There is a master volume and tone control, a separate control.1 or the bress soundS and also a vibrato circuit with variable depth control together-with a variable delay control so that the 
vibrato comes in only after waiting a short time after the note is struck for even mclre realistic string sounds. 

To add interest to the sounds and make them more natural there is a chorus / ensernble unit which is a complex phasing system using CCD (charge coupled device) analogue delay lines. The 
overall effect of this is similar to that of several acoustic instruments playing the sanie piece of music. The ensemble circuitry can be switched in with either strong or mild effects. 

As the system is based on digital circuitry digital data can be easily taken to and frOril a comPiiter (for storing and playing back accompaniments with or without pitch or key change, computer 
composing, etc., etc.) 

Although the DPX is an advanced design using a very large amount of circuitry, much of it very sophisticated, the kit is mechanically extremely simple with excellent access to all the circuit 
boards which interconnect with'multiway connectors, just four of which are rernOvpd to separate the keyboard circuitry and the panel circuitry from the main circuitry in the cabinet 
The kit includes fully finished metalwork, solid teak cabinet, professional quality cOmponents (al) resistors 2% metal oxide), nuts, bolts, etc , even a 13A plug! 

POWERTHAN 
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Soldering equipment designed by specialists for professionals. 

ADCOLA 101 Soldering Unit 
FEATURES 

• no moving parts 
• no magnetic effect 
• no tip voltage 
• no mains interference 
• no real maintenance costs (bit/tip 
changes only) 

• variable lockable temperature 120°C -420°C 
• total 50 watt electronic control ( + 2%) 
• simple plug-in bits/tips 
• electrical safety approved 240V 24V 
• easy tool interchangeability from one Unit 
to another 

-or complete 2001 Soldering Station 
Soldering tool and control unit as Unit 101 but 
with the additional features 

• filtered two speed fume extraction 
• built in bench lighting 
• solder reel dispenser 
• clear bench area 
• Adiron® long life bits/tips the same range 
asthat for Unit 101 

ADCOLA 
AOIRON® 
long life 

bits/tips 

simple plug-in 

type suitable 

for both Unit 101 

and Unit 2001 

For full 
details 
contact 

Range of 10ADIRON®long life bit profiles 
B42LL  B38LL  B5OLL  B14LL  B35LL B44LL  B36LL  B37LL  B46LL B4OLL , 

"MU M 
/4DCOLA ADCO A PRODUCTS LIMITED Gauden Road London SW4 6LH 

Teleph ne Sales (01) 622 0291  Telex 21851 Adcola G 
Mo e riwrie Mark) 

— 051 FOR FURTHER DETAILS 

DE LUXE EASY TO BUILD LINSLEY HOOD 
75W STEREO AMPLIFIER £15.00 + VAT 

This easy to build version of our world-wide acclaimed 75 W amplifier kit based upon 
circuit boards interconnected with gold plated contacts resulting in minimal wiring and 
construction delightfully straightforward. The design was published in Hi-Fi News and 
Record Reiew and features include rumble filter, variable scratch filter, versatile tone 
controls and tape monitoring while distortion is less than 0.01 %. 

T20 + 20 20W STEREO AMPLIFIER £33.10 + VAT 

This kit, based upon a design published in Practical Wireless, uses a single printed circuit 
board and offers at very low cost, ease of construction and all the normal facilities found 
on quality amplifiers. A 30 watt version of this kit (T30 + 30) is also available for 
£8.40  MATCHING TUNERS — See our FREE CATALOGUE! 

Above 2 kits are supplied with fully finished metalwork, ready assembled high quality teak veneer cabinet, cable, nuts, bolts, etc. and full instructions — in fact everything! 

1024 COMPOSER C 0 Ma3P9L.E5T0E+K VI TAO T LY 

READ ALL ABOUT IT II IN ELECTRONICS TODAY 
INTERNATIONAL 

Programmed from a synthesizer, our latest design to be featured in ELECTRONICS TODAY INTERNATIONAL the 1024 
COMPOSER controls the synth. with a sequence of up to 1024 notes-or a large number of shorter sequences e.g. 64 of 16 
notes all with programmable note length. In addition a rest or series of rests can be entered. It is mains powered but an 
automatically trickle charged Nickel-Cadmium battery supplying the memory, preserves the program after switch off. The 
kit includes fully finished metalwork, fibreglass PCB, controls, wire, etc. — Complete down to the last nut and bolt! 

BLACK HOLE CHORALIZER POWERTRAN 
The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device for processing both natural and 
electronic instruments, offering genuine VIBRATO (pitch modulation) and a CHORUS mode which gives a 
"spacey" feel to the sound achieved by delaying the input signal and mixing it back with the original. Notches 
(HOLES), introduced in the frequency response, move up and down as the time delay is modulated by the chorus 
sweep generator. An optional double chorus mode allows exciting antiphase effect to be added. The device is 
-fioor standing with foot switch controls. -LED -effect selection indicators, has variable sensitivity, has high 
signal/noise ratio obtained by an audio compander and is mains powered — no batteries to change! Like all out 
kits everything is provided including a highly superior, rugged steel, beautifully finished enclosure. 

COMPLETE KIT ONLY £49.80 + VAT! (single delay line-system) 
De Luxe version (dual delay line system) also available for £59.80+ VAT 

CHROMATHEQUE 5000_: •:5 CHANNEL LIGHTING EFFECTS SYSTEM 
This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level controls on each channek. Control of the 
,fights is comprehensive to say the least. You can run the unit as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel contrcl 
or use the internal digital circuitry which produces some superb random and sequencing effects. Each channel handles up to 500W and as the kit is a single board design wiring is minimal 
and construction very straightforward. Kit includes fully finished metalwork, fibreglass PCB controls, ,wire, etc. — Complete right down to the last nut and bolt! 

• • •  • 

Cabinet size 10.0" x 8.5" x 2.5" (rear) 1.8" (front) 

íJ z 

M OW 

MPA 200 100 W ATT (rms into 80) MIXER/AMPLIFIER 

eitedrinotkedma 5000 , 

sc.emega. keen.se RP « 1S enne, 

Panel size 19.0" X 3.5". Depth 7.3" 

Featured as a constructional article in ETI, the M pA 200 is an exceptionally low priced — but professionally finished — general purpose high power amplifier. It features adaptable input 
mixer which accepts a wider range of sources such as microphone, guitar, etc. There are wide range tone controls and a master volume control. Mechanically the MPA 200 is amplicity itself 
with minimal wiring needed making construction very straightforward. 
The kit includes fully finished metalwork, fibreglass PCBs, controls, wire, etc — complete down to the last nut and bolt. 

• 

MATCHES THE 

—  — 
to • 
„  J, , tr,,r  

en  sc -e- • to' --11,: --,fle • 
• 14101E10N 

SP2-200 

COMPLETE KIT 
CH ROMATHEQUE 5000  ONLY 

PERFECTLY! £49.50 + VAT! 

IAll kits also available as separate packs (e.g. PCB, component sets, hardware sets, etc.). Prices in our FREE CATALOGUE. 

Panel size lerrx3.5", Depth 7.3" 

2-CHANNEL 100 W AMPLIFIER NE W KIT! 
The power amplifier section of the MPAi200 has proved not only very economical but very rugged and reliable too. This new design uses two of these amplifier Seat:iris powered by separate 
power supplies fed from a common toroidal transformer. Input sensitivity is 775mV. 
Power output is 100 rms into 8 ohm from both channels simultaneously. The kit includes 
fully finished metalwork, fibreglass PCBs, controls, wire, etc :-complete down to the last nut 
and bolt! 

COMPLETE KIT ONLY £64.90 + VAT! 
Panel size 19.0" X 3.5". Depth 7.3" 

MANY MORE KITS ON NEXT PAGE! 

OUR CATALOGUE IS FREE! W RITE OR PHONE NOW! 

Value Added Tax not included in prices 

POWERTRAN ELECTRONICS 
PORTVVAY INDUSTRIAL ESTATE  ANDOVER 
ANDOVER HANTS SP10 3NN  (0264) 64455 

PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices in this advertisement until May 31st, 
1981, if this month's, advertisement is mentioned with Your order. Errors 
and VAT rate change excluded. 
EXPORT ORDERS: No VAT. Postage charged at actual cost plus £1 
handling and documentation. 
U.K. ORDERS: Subject to 15% surcharge for VAT. NO charge is made for 
carriage. Or current rate if changed. 
SECURICOR DELIVERY: For this optional service (U.K. mainland only) 
add £2.50 NAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your computer from the factory. 
Call at Sales Counter. Open 9 a.m.-12 noon. 1-4.30 pro. Monday-
Thursday 
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The range grows 
bigger.. .better.... 

New Profile Amplifiers- Two New Series 
MOSFET CHOOSE AN I.L.P MOSFET POWER AMP when it is 

advantageous to have a faster slew rate, lower distortion at 
higher frequencies, enhanced th ermal stability, the ability 
to work with complex loads without difficulty and 
complete absence of cross-over distortion. I.L.P's 

exclusive encapsulation technique within fullyadequate heatsinks has been taken a stage further with 
specially developed computer-verified New Profile' extrusions. These ensure optimum operating 
efficiency from our new MOSFETS, and are easier to mount. Connection is via five pins on the underside. 
I.L.P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS 
EXCITIPIG NEW CATEGORY BUT ARE ONLY A FRACTION Or PRICES CHARGED ELSEWHERE. 

Output  Distor-
Model  Power  tion Typical 

R MS  at 1KHz 

Signal ¡Noise 
Slew Rate  Rise Time  Ratio  Price & 

DIN AUDIO  VAT 

MOS120  60W  0.005% 
into 4430 

20V/as  3s  100dB  £25.88 
£3,88 

MOS200  120W  0.005% 
into 4-82 

20V/as  3s  100dB  £33.46 
+ £5.02 

BIPOLAR 
(Standard 0-P Transistors) 

CHOOSE AN I. L. P BIPOLAR POWER AMP 
where power and price are first considerationwhile 
maintaining optimum performance with hi-fl quality 
and wide choice of models. From domestic hi-fi to 
disco and P.A., for instrument amplification, there is 

an I.L.P Bipolar to fillthe bill, andas with our new Mosfets, we have encapsulated Bipolars withinourNew 
Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. 
Connections are simple, via five pins on the underside and with our newest pre-amps and power supply 
units, it becomes easier than ever to have a system layout housed the way you want it. 

Output  Distor-
Model  Power  tion Typical 

RMS  at 1KHz 

Signal/Noise 
Slew Rate  Rise Time  Ratio  Price & 

DIN AUDIO  VAT 

HY30  15W into  0.015% 
4-82 

15V/µs  5ps  100dB  
+ £1/09 

HY60  30W into  0.015%  15V/iis  5s  100dB  £8.33 
•+ £1.25 4-82 

HY120  60W into  0.01% 
4-82 

15V/as  5s  100dB  £17.48 
+ £2.62 

HY200  120W into  0.01% 
4-82 

15V/ps  5ps  100dB  £21.21 
+ £3.18 

HY400  240W into  0.01% 15V/ps  5ps  100dB £31.83 
+ £4.77 

Load impedance both models Input impedance both models 100B11 
411-oc Input sensitivity both  Frequency response both models 
models SOOmV  ISHz-1001fliz - 3dB 

F•1KHz 
LOAD - EirION ALL 
EXCEPT HY400 

'DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

01 W  1W  lO w 

OUTPUT POWER 

100W  300W 

Load impedance all models 411 -oo Input impedance all models 1001C0 
input sensitivity all models 50OmV Frequency response all models 

I 5Hz-SOICHz - 3dB 

rim NEW PROFILE EXTRUSI-13N5--

The introduction of standard heatsink extrusion for all 
power amplifiers achieles many advantages:-

Research shows they provide optimum thermal dissipa-
tion and stability. Slotted shoulders allow easy mounting; 
standardisation enables us to keep our prices competitive. 
Surfaces are matt black, anodised for higher thermal 
conductivity. Extrusions vary in size according to module 
number. 

NO QUIBBLE 5 YEAR GUARANTEE 

7-DAY DESPATCH ON ALL ORDERS 

BRITISH DESIGN AND MANUFACTURE 

FREEPOST SERVICE 

1116 (mono) and 11166 (stereo) are new to I.L.P's range of 
advanced audio modules. Their improved characteristics 
and styling ensure their being compatible with all I.L.P 
power-amps both MOSFET and BIPOLAR, giving you chance 
to get the best possible reproduction from your equipment. 
HY6 and HY66 pre-amps are protected against short circuit 
and wrong polarity. Full assembly instructions are provided. 
Mounting boards are available as below. 
Sizes - 1116 - 45 x 20 x 40 mm. 111166 - 90 x 20 x 40 mm. 
Active Tone Control circuits provide ±12dB cut and boost. 
Inputs Sensitivity - Mag. PU. -3mV: Mic - selectable 
1-12mV: All others 100mV. Tape 0/P - 100mV: Main 0/P - 
500mV: Frequency response - D.C. to 100KHz - 3dB. 
'HY6 mono £6.44 +97p VAT Connectors included 
HY66 stereo £12.19+11.83 VAT Connectors included 

B6 Mounting Board for one HY6 78p+ 12p VAT 
B66 Mounting Board for one HY66 99p + 15p VAT 

Of the eleven power supply units which comprise our current range, nine have toroidal 
transformers made in our ownfactory. Thus these I.L.Ppowersupply units are space-saving, more 
efficient and their better overall design helps enormously when assembly building. All models in 
the range are compatible with all I.L.P amps and pre-amps with types to match whatever I.L.P 
power amps you choose.  • _  . 

PSU30 ± 15V at 100mA to drive up to 12 x HY6 or 6 x HY66  £4.50 + 0.68p VAT 
• THE FOLLO WING WILL ALSO DRIVE I.L.P PRE-AMPS 
.PSU36 for use with 1 or 2 HY30's  £8.10 +£1.22 VAT 
• ALL THE FOLLO WING USE TOROIDAL TRANSFORMERS 
PSU50 for use with 1 or 2 HY60's 
'PSU60 for use with 1 HY120 
PSU65 for use with 1 MOS120 
PSU70 for use with I or 2 HY120's 
PSU75 for use with 1 or 2 MOS120 
PSU90 for use with 1 HY200 
PSU95 for use with 1 MOS200 
PSU180 for use with 1 HY400 or 2 HY200 
PSU185 for use with 1 or 21VIOS200 

* Freepost facility 
When ordering or writing about I.L.P products, you do not need to stamp 
the envelope. Mark It FREEPOST plus the code shown in the address 
below. We pay the postage for you. 

* TO ORDER 

£10.94 + £1.64 VAT 
£13.04+£1.96 VAT 
£13.32 + 2.00 VAT 
£15.92 + 2.39 VAT 
£16.20 + £2.43 VAT 
£16.20 + £2.43 VAT 
£16.32 + £2.45VAT 
£21.34 + £3.20 VAT 
£21.46 + £3.22 VAT 

Send cheque or money order payable to I.L.P Electronics 
Ltd and crossed. Or pay by ACCESSorBARCLAYCARD. Cash payments must be 
in registered envelope; if C.O.D. payment is wanted, please add £1.00 to TOTAL 
value of order. 

1112  ELECTR O NI CS LTD. 
FREE POSTS Graham Bell House, Roper Ciose. Canterbury, Kent CT2 7EP. 

Telephone (0227) 54778 [Technical (0227) 647231  Telex 965780 

Available also from MARSHALLS, WATFORD ELECTRONICS and certain other selected retailers 

leaU.SI MUNISME-R.PcfrWe 
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TAPE   
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RAG 
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SCHEMATIC BLOCK DIAGRAM 
OF HY6 PRE-AMP, WITH 
STEREO CONNECTION SHOWN 

• DISTORTION TYPICALLY 
0.005% 

• S/N RATIO- 90dB (Mag. 
P.U.-68 dB) 

• 38 dB overload margin on 
Mag. P.U. 

• LATEST DESIGN HIGH 
QUALITY CONNECTORS 

• ONLY POTS SWITCHES AND 
PLUGS/SOCXETS NEED ADDING 

• NEEDS ONLY UNREGULATED 
POWER SUPPLY ±I5 to ±60v 

1971-1980 
TEN YEARS OF PLANNED 
PROGRESS 
When, in 1971, Ian L. Potts founded his now world-famous company, 
he saw the need for a different and more rational approach to 
exploiting to the full, the potential that lay in modular construction. 
New thinking was badly needed. The result was a range of modules 
revolutionary in concept. The rightness of this new thinking is shown 
by the size of the company today, its new factory, its vast exports, its 
acceptance by constructors as the modules to build with. The range 
grows bigger and better. Exciting new lines (in no way conflicting 
with existing ones) are well past drawing board stage. This is why 
I.L.P are simply ahead and staying there. 

To: I.L.P ELECTRONICS LTD. CANTERBURY CT2 TEP 

Please supply   

 Total purchase price £   

I enclose Cheque D Postal Orders D International Money Order D 
Please debit my Access/Barclaycard Account No 

NAME   

ADDRESS 

Signature 
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  Freepost F  • FREEPOST ON ORDERS • ACCESS 
Bir mingha m  N VAT INCLUSIVE PRICES ea VISA 

ASH 

B19 1B R  N ADD3OpP&P  • CHEQUE 
ELECTRONICS  021.233-2400 N 24 HR PHONE ANSWERING SERVICE 

N ESS OTHERWISE STATED 

C M O S  t BUFFERED? 

1150001V,  22 
0014001  22 
0E54002  22 
0004006  119 
HEF4007  22 
4E44008  100 
11E44011  22 
4E44012  22 
11254013  57 
4E44014  105 
11204015  100 
4E44016  57 
9244017  100 
H(440113  100 
4E44019  ss 
4E44020  112 
H 544021  107 
4E44022  103 
9E14023  22 
4E44024  78 
HEF4025  22 
4 E44020  244 
4444027  57 
4E44028  ao 

4E44029  113 
1-1444030  58 
11E44031  250 
4E44035  134 
HEF4040  107 
4644041  94 
4E44042  83 
4E44043  100 

HE14044  105 
9254046  133 
HEF4047  109 
HEF4049  57 
9E54050  57 
0,64051  87 
0E44052  90 
11E44053  90 
0244066  62 
9044067  475 
9E54069  22 
4E44009  22 
4E44070  22 
00100)1  23 
11E44072  23 
4E44073  23 
4E41075  23 
4E44076  130 
FIEF40T7  22 

, 4E44078  2233 
4(4 4481 T001022 

4144082  „ 
11E44085  80 
HE M.  80 
11104093  63 
HEF4094  219 
4E44104  208 
4E44502  114 
4E44505  791 
4E44506  230 
9E54510  135 
9E44511  157 

0E44512  138 
0054516  127 
9244517  478 

9E54 518  118  
0E44510  69 
11E54520  118 
11E54521  235 
4E14528  124 
44.532  150 
9E54534  638 
F1EF4539  138 
HEF45B5  122 
0E44724  214 
4E440097  113 
4E443098  92 
HEE40106  78 
4E440160  149 
4E940192  149 

Voltage 

Regu lators 
L.30900101 119 
U0723C5  42 
LIA780SCU  78 
UA7E112CU  76 
11A7E115CU  78 
U07912CU  97 
UA7915CU  97 
U078 LOSCS  30 
12.0713112CS  38 
U07BL15CS  38 

LINEAR 
CA3046  84 
CA3E/ WE  77 
CA3130E  99 

C431400  48  
CA31899  293 
LM30105  34 
1143395  78 
1143805  104 
LM3EHAN 198 
L5139035  75 
MC3403P  156 
NE531  131 
NE538T  259 
NE6555  28 
NE5565  66 
NE5685  171 
NE5705  485 
NE5715  505 
604136  146 
TBA120S  88 

713 
TDA103413 239 
TL081CP  84 
TL084C5  156 
IJA74106  20 
UA741CT  47 

Zener , 
Diodes 
00Orn. C4V7tC33 
EIZ958/132 079 

t 091 teee  9 

SEMICONDUCTORS 
5914  5 
54001  5 
54002  5 

54004  7 
444007  9 
54148  4 
145402  15 
252369  21 
252646  46 
252926G  13 
253053  19 
253054  55 
253055  55 
253702  9 
253704  9 
253705  10 
253773  297 
253819  22 
253020  39 
253904  9 
2.45457  39 
255459  35 
40673  88 
90107  14 
80108  19 
BC108C  18 
BC109  14 
BC10913  19 
BC109C  20 
BC1413  10 
BC158  10 
BCI77  17 

8C182 L  12 
BC184  11 

Bell. L  12 

BC212  11 
BC212L  12 
BC2I4  11 
002141  12 
BC547  13 
8C548  11 
BC549  12 
130557  15 

8C558  15 
BCY70  15 
BC971  15 
1110131  39 
60132  39 
80139  39 
00140  39 
B4090  333 
134085  29 
04950  17 
BEY51  17 
04039  50 
60X20  21 
CL8960  2850 
TIP31  48 
11432  54 
TIP41C  76 
TIP42C  78 
1042955  75 
1143055  60 
11543  35 

, 

CAPACITORS 
Electrolytic Aced Order Code Polyester % diet Le d.  Order Code Electroly ix % Mel Leeds  Order Code 

-Mee to 605 Tot  Cm 015 • ieF d„,,,,,,,,,,... C2 .300352  Style  Cap 352 -1 05 lo 0.3% Tol,  Cap 034 4,4 

XF  V M 25 40 03  Moulded Type, 10.2rnm Pitch  Cap 350 »4  V 10 16 25  35 40 50 63 

1.0 

»F 352 360 pF 

4 

382 

value 

380 

.47 

.68 

7 
7 

2.2 
3.3 

.001 1 
.15 

7 
8 

9 
10 

1.0 
1.5 

7 

77 
4.7 

5.6 9 

.0015 

.0022 

r 

.22 9 
11 

11 2.2 
3.3 

7 

10 
15 
22 
33 

8 

8 

e 

a 
9 

9 

.0033 
I 

.0047 
1 .,  .00613 

.01 

.33 

.47 

.68 
1.0 
1.5 

14 
17 
21 
30 

4,7  
6.0   

10  
15  

7 
7 

7 

El 

7 

El 
El 

9 

0 
9 
9 
11 

47 
se 
1 00 

e 
8 

9 

11 

13 

.015 
I 

.022 

.033 

2.2 35 22  
33 
 47 

7 

13 

8 a 
9 

9 

11 

9 
11  

11  

ISO 8 tO 31  .047  060 68 9 11 
' 220 13 28 36 

. 
100 9 

330 
470 23  

30 

32  

40 

47  D.I.L. Sockets 
150 11 

850 21 30 39 54 

1000 
1500 

26 
35 

30 
39 

59 B Pin Low Profile Socket Trn  12  OIL 50T 8 

14  Pin Low Profile Socket To  14  OIL SOT 14 
PC B C po . . . 

2200 42 16 Pin Low Profile Socket Trn  16  DI L SOT 16 Belo Pen. Blue 04. SISO Dry.,  88 

RESISTORS  Order Code Skeleton Pretets, Miniature  Order Code 

Carbon Film, Fi nd 
0.IW, E3 Value., 103 01M, LIN Verticel Mo w ;ire  8  MIn. Preset V 

Preset 4 
0.256/. 524 Values 100.1010 5% Tot  2 stech  Re. RD'A 

0-1W. E3 Velues, 10001M, L'A. Horizon . Mount  0  Mrn. 
0 Vann 

100/100 !Molt 10/Value) Skeleton Newts, Stenderd 
0.5..612 Values 1004517, 10% Tol.  3 «oh  Res 110'6 0.315. 63 Values, 1000-4147. Lin. Vert,«, Mounting 11  Std. Preset V 

a Value 0.3P1. 53 Values, 10094147, Lin. Hortzontal Mount II  Std. Preset 4 

Metal Film, Fitted Potentio meter, Rotery  • Value 
0.944. 024 Values, 01114M, 2% Tol.  8 ..ch Res 44530 0.529. E3 Velu«, 10.2.2 Lin.  39 Ro Pot Lin 
2.5W. 812 Velum, 10R.27K. 516 Tol  16 eech  Res 2952 

4 Value 
0.25W. E3 Values, 4147.202 Lop.  39 Ro Pot Loa 

Potentiometer, Slider  • V.I., 

Meld Gl ue, Fixed 0.5W, 03 Values, 262471 . Lm.  45 SI Pot Lrn 

0.529, 624 Values, 151.3301, 5% To,  16 each Res 91137 0.294, 63 Value, 100. IMO Log.  45 SI Pot LOO 
. value • vel a 

MAINS TRANSFORMERS  Order Code Pleetie Roam - Boss Industrial MOuldingS 

Secondaries crow be connected in ternis or Moulded Boo end Close Foting Pierced Lid 

Lierailel lo onie wide tioltece range 
Primaries 0i220, 2009 

4418 Boa, C/W Been Sues«, and Lod In Otonee 
Order Code 

6VA  Clernp TYPO COPPruCtIOP  n5 each 
1112 .02 031  99  Case BIM2003  OR 
L150 W80 1350  ' 131 Cese 8102005 OR 

Appro. 10% Reguletton F C 54. 036. W35 L190 W110 0130  223  Casa 9102008 OR 

oe 50, 04.50 Seconclartes  Trans OVA Mettle Bonet with Metal (ide 
000. 060 Repot« Top Bon 
0.120.0.12V 
0150, 0.100 

ABS Elm. C/W Orees Bush«, In Oren« 
Top Ponel Finished Grey 

0.20V. 0.200 
1mm Aluminium 

Order Code 

L85 W58 529  112  Caw 81.4003 OR 
20VA .. Cl , Type Consoucv on  360 «ch . LIII W71 042  150  Cue 81.4004 OH 

acoto,. 16% Reguletron 4 C. 70, 040, W443 1184 1598 053  208 Cese 81514005 OR 

0.4.50, 04.51/ Secondarees  . Teens 200.0 rhe um Boxes 
0.80.060 
0.120,0.129 

Oi.clet Box end Flee.« Lid 

0-150, 0.15V 
Aluminium 8cie end Lrd tn Natural Fenish 

Orner Code 
0-17.50, 0.17 SV 
0-200, 0.20V 

1113 
LI52 

W53 031  124  C m 81.5003 NA . 
W82 050  215  Cue 01.5005 NA 
W113 061  331  C.o. 131.5006 NA 

• 
VERO ELECTRONICS PRODUCTS 

L192 

2.5" It 5.' .1" pttch Veroboerd  .  71  200.21 % 02  SWITCHES  Code 
3.75" r 5" .1" wt. Vetoboard  79  200.210720 

Order 

2w' ii I" .1.. pitch Veroboer0 151  85/Pack  200-21076 C MiniPtof• Toggle - FlOneYWell 

3.75'. a 5" .1.. pitch Plain Boerd  BB  290.210709 
582'. 4 2.9",1'. one V-0 DIP Board  135  200.210134E 

SPOT  67  SW 001011 
SPOT  C/Of 1  81  SW BA1021 

SPos Fe« Cutter  107  203.21013A SPOT  Double Bras To Centte  90  0W 441041 

Pon Intertion Tool for 040 type pin  147  203.210154 
DPDT  99  SW 802011 

DS Pons 040 1100)  44/Pack  200-21007G DPDT  C/Of I  111  $W 8.42021 

50 Pr..040 1100)  44/Peck 4 200-21017B 
Verow . Kit 11-pen, 2tettre, 25-corn.  454/0 rs  200.213415 

Miniature Penh - C & K 
Vero«. Corn. 1251  109/Peck  20422 1339 4 SP  Kr. To Meke, Moments,  62  SW 8531 

Veto* . W .121  109/Peck  200-21340G SP  Push To Breek, Momentary  62  SW 8533 

GMT ELECTRONICS PROJECTS KIT BUILT UP 

FREE-STANDING COMPLETE TELETEXT UNIT - FULL SPEC  £199-90 £275-00 

TELETEXT DECODER BOARD + REMOTE HAND CONTROL  £135-90  £160-00 

TELETEXT COMPATIBLE TUNER AND P.S.U.  £ 46-90  £,57-00 

TELETEXT COMPATIBLE PAL ENCODER + MODULATOR  £ 22-90  £ 35-00 

F.E.T.OUTPUT 100W MONO POWER AMPLIFIER MODULE  £ 27-50  £ 35-00 

X-BAND DOPPLER RADAR ALARM MODULE - MARK II  £ 35-90  £ 44-00 

ONE AMP P.S.U. MODULE (SPECIFY 5 OR 12 vOLTS)  £ 7-50  £ 10-00 

SIMULATED INERTIA MODEL TRAIN CONTROLLER  £ 22-50  £ 35-00 

SIMULATED INERTIA SLOT RACER CONTROLLER  £ 27-50  £ 40-00 

MODEL TRAIN STEAM SOUND SIMULATOR MODULE  £ N/A  £ 5-00 

WW - 069 FOR FURTHER DETAILS 

S 100 
Do You Have All These Facilities On 
Your S 100 System, With Just Two 

Boards? 

1. 'ZI30A CPU-2 or 4 MHz 
Operation. 

2. 280A CTC - 4 Channels. 
3. 280A S10 - 2 RS-232. 
4. Z80A P10. 
5. Disk controller; Takes up to 
4 disk drives, single or do-
uble density operation. 

6. 64k Bytes of memory. 
7. EPROM Programmer. 
8. Real time clock. 
9. Software; 
Standard 2k Monitor. 
CP/M Cold Start Loader. 
CP/M 131 OS (1.4). 

Prices: 
FOC-1 Board  £495.50 
Expandoram  £327.56 
Mother Board  £42.00 
All prices exclude VAT. 

MICROCOMPUTER - HARDWARE -SOFTWARE 

3c Barley Market Street;Tavistock, Devon PL19 OJF 
Tel. Tavistock (0822) 5247. Telex: 45263 

PIANOS SPECIALISTS SINCE  

19 4 
re 9iocirm n t)e  

e 

KITS OR MANUFACTURED 

The most ad-
vanced form of 
Touch Sensitive 
action simulating 
piano key inertia 
by patented 
technique. 
Four mixable 
voices  for 
serious tone 
variation plus 

SIX OCTAVES UV  electronic cho-
TVs OCTAVES £232 , rus and flanger 

effects. See lists 
for Cabinets, PA. 
and Manufac-
ture. Component 

Kits 

MASTER 
RHYTHM 
User Programma-
ble. Twenty-four 
patterns. Eight 
parallel tracks. 

£114 Twelve instruments 
Bu ilt sequence opera-

Write or Phone for full details of our 
range of high quality Kit and manufac-
turad Electronic Musical Instruments. 
Prices include VAT., Carr. & Ins. and 
we operate Telephone BARCLAY-
CARD. Visit our Showroom. 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

Dept. W. 44. Bramhall Lane South 
Bramhall, Stockport, Cheshire Ski IAH 

061-439 3297   

WW - 044 FOR FURTHER DETAILS 

fee  HIGH PERFORMANCE BUT LOW COST-
AUDIO SIGNAL GENERATORS 

SINE/SQUARE WAVE 
Model 146-9. Distortion .0015% 01 1 NA. Russ 
109z-1001W. 010.1 In NM soo Meal. 
Riess: 
Assumed, natters mad En 1+ UK Tu E5.401 
Kit of Parts   £31 1+ IN Ter £.6.51 
Aldus version. Aumbled FA 1+ UK Tan M.901 
UK P/P £2. Overseas from £5,50. 

Model A0113 
Distonios .02% Ii KhZI othenvise as 146.9. 
1lMors version  .... £29.50 1+ UK Tax E4.40) 
MMus version   E30.00 1+ UK Tu F.5.4111 
Kit bitters   £23.00 1+ UK Tax E3.451 
P/P E1.50. 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London, N9 OPE Tel: 807 3719 

Also available: R.F. Sig. Gen. P.S.U. T.H.D. Analyser, Frequency Meter, MVMT. 
Function (Sweep) Generators. SAE for full lists. •  (1 901 

['Size: 11 x 8 x 3% ins aPProx. Made from ply-
wood, pleasingly covered. 
Suitable for any normal 
radio circuit. Has studs 
for mounting 5" speaker 
and the front is drilled 
to take a tuning conden-
sor in the centre and 
normal controls either 
side. £2.30 + £1.50 post. 

PORTABLE 
RADIO CASE 

LAST MONTH'S SNIP -- STILL AVAILABLE 
And it still carries a free gift of a desoldering pump, which we are 
currently selling at £6.35p. The snip is perhaps the most useful break-
down parcel we have ever offered. Ilusa parcel of 50 nearly all 
different computer panels containing parts which most have cost at 
least £500. On these boards you will find over 300 IC's. Over 300 
diodes, over 200 transistors and several thousand other parts, resist-
ors, condensors, multi-turn pots, recifiers, SCR, etc. etc. If you act 
promptly, you can have this parcel for only £8.50, which when you 
deduct the value of the desoldering pump, works out to just a little 
over 4p per panel. Surely this is a bargain you should not miss! 
When ordering please add £2.50 Post and £1.27 VAT. 

MAINS MOTORS Precision made as 
used in record players, blow heaters, etc. 

Speed usually 1,400. All have ample 
spindle length for coupling fan blade, 

pulley, etc. Power depends on stack size. 
5/8" stack £2.00; 3:" stack £2.50; 7/8" 
stack £3.00; 1" stack £3.50; 1 %" stack 

a £4.50. Add 25% to motor cost to cover pos-
" lago, and then add 15% VAT. 

YOUR LAST CHANCE FOR THIS BARGAIN 
100 twiat drills, regular tool shop price over £50, yours for only 
£11.50. With these you will be able to drill metal, wood, plastic, etc. 
from the tiniest holes in P.C.B. right up to about %i". Don't miss 
this snip - send your order today. 

MAGNETIC LATCH 
Low voltage (4 - 8 volt AC/DC operation). 
Only £1.50 each. 

PUNCHED TAPE 
EQUIPMENT 
For controlling machine tools, etc, motorised 8 bit punch with 
matching tape reader. Ex-computers, believed ingood working 
order, any not so would be exchanded. £17.50/pair. Post £3.00. 

STEREO HEADPHONES 
Japanese made so very good quality. 
8 ohm impedance. padded, term-
inating with standard V.i" jack-, 
plug. £2.99 Post 60p. 

BRIDGE RECIFIER 
1 amp 400v 30p each. 
10 for £2.50. 100 for £20.00 

SOLENOID WITH 
PLUNGER 
Mains operated £1.99 
10 - 12 volts DC 
operated £1.50. 

MOTORISED DISCO SWITCH 
With 10 amp changeover switches. Multi-

adjustable switches all rated at 10 amps, 
this would provide a magnificent display. 
For mains operated 8 switch model 

£6.25, 10 switch model £6.75, 12 switch 
model £7.25. 

PANEL METERS 
Japanese made, full vision front, size TA" 
V.2%". 0 100 uA £2.85. Similar but size 
2" x 13‘" 100 uA, scaled Vu. Ditto, but 
scaled 0 - 100. (note: front covers easily , 
removable if you want to rescale these 
£2.30 each) Ditto but size 1%".x 1%", scal-
ed Vu, sensitivity 100 uA, £1.50. 

MINI-MULTI TESTER Deluxe pocket size precision moving 
coucou l instrument, jewelled bearings - 2000 0.15.0. mirrored scale. 
11 instant range measures: DC volts 10, 50, 250, 1000. 

AC volts 10, 50, 250, 1000. 
DC amps 0 - 100 mA. 

IContinuity and resistance 0 - 1 meg ohms in two  
,‘„,.•:,',•--7.-•?:•-,-' ranges. Complete with test prods and insruction 

book showing how to measure capacity and 
,• Ilk : -' , inductance as well. Unbelievable value at only 

4 , o £6.75 + 50p post and insurance. 
.r't -- I 

FREE Amps range kit to enble you to read 
DC current from 0 - 10 amps, directly 
on the 0 - 10 scale, It's free if you 
purchase quickly, but of you already 
own a Mini-Tester and would like 
one, send £2.50. 

SUPER HI-Fl SPEAKER 
CABINETS 
Made for an expensive Hi-Fi outfit 
- will suit any decor. Resonance 
free cut-outs for 8" woofer and 
4" tweeter. The front material is 
carved Dacron, which is thick and 
does not need to be stuck in and 
the completed unit is most pleas-
ing. Colour black. Supplied in pairs, 
price £6.90 per pair (this is prob-
ably less than the original cost of 
one cabinet) carriage £3.50 the pair. 

LOUDSPEAKERS 
8" woofer and 4" tweeter, 4 ohms 35 

watts power rating £6.90 per pair 

thDitto but 8 ohms, £11.50 
per pair.  Post £2.00. 

y 
ELECTRONIC VOLT-
METER/ SENSITIVE 
RELAY 
Consists of a 4%" square drop 
through panel volt meter, 0 - 10 
fed. Built into the front of the 
meter are two screw adjusters 
is-tich move two pointers, up and 
wn the scale, to set a minimum 

a fmaximum. A unique "under" 
ai .1 "over" circuit inSide the meter 
o{ :rates one of two reed relays to 
br.ng an 'under' or 'over' circuit into 
action. The scale plate is detachable Via  two screws to be calibrat-
ed to your own individual requirements. The 10 transistor 'under' 
and 'over' circuit is completely separate from the meter movement 
so does not have to be connected to use this as a standard 0 • 1 
meter. Many uses including level controls, light controls, auto bat-
tery chargers, alarm units, etc. Manufacturers list price of over ' 
£120 each. An unbelievable snip at £9.95 (less than the value of 
the meter alone.) 

THIS MONTH'S SNIP 
Vu METER Approximately 1 5/8" square, sensitivity 
0 - 500 uA suitable for use also as a recording level meter, 
power output indicator or many similar applications. Full 
vision front cover easily removable if you wish to alter the 
scale. Special snip price £1, or 10 for £9. post & VAT paid. 

3 wave band radio with 
stereo amplifier. Made 
for incorporation in a 
high-class radiogram, 
this has a quality of out-
put which can only be 
described as superb. It 

truly hi-fi. The chassis 
size is approx. 14". Push but-

tons select long, medium, short 
and gram. Controls are balance, vol-

ume, treble and bass. Mains power supply. 
The output is 6 -46 watts. Brand new and in perfect 

working order, offered at less than value of stereo amp 
alone, namely £6.90. Post £2.50. 
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 anyone. In easy to assemble 
modular form this should sell at about £30 
- but due to a special bulk buy and as an in-
centive for you to buy this month we offer the sys-
tem complete at only £16.75 including VAT and post. 
FREE GIFT - buy this month and you will receive a pair of 
Goodman's eliptical 8"x5" speakers to match this amplifier. 

VENNER TIME SWITCH 
Mains operated with 20 amp switch, one 
on and one off per 24 hrs, repeats daily 
automatically correcting for the lengthen-
ing or shortening day. An expensive time 
switch but you can have it for only £2.95. 
These are new but without case, but we 
can supply plastic cases (base and cover) 
£1.75 or metal case with window £2.95. 
Also available is adaptor kit to convert 
this into a normal 24hr. time switch but 
with the added advantage of up to 12 on/ 
offs per 24hrs. This makes an ideal con-

troller for the immersion heater. Price of 
adaptor kit is £2.30. 

DELAY SWITCH 
Mains operated - delay can be accurately 
set with pointers knob for periods of  up 

to 2%hrs. 2 contacts suitable to switch 10 
ampo - second contact opens a few min. 
utes after 1st contact. £1.95. 

LEVEL METER 
Size approximately .Y.," square, scaled signal 
and power but cover easily removable for 
rescaling. Sensitivity 200 uA. 75p. 

I. BULL (Electrical) Ltd 
(Dept. WW), 34 - 36 AMERICA LANE, 

HAYWARDS HEATH, SUSSEX RH16 30U. 

• 

ADVANCE ADVERTISING BARGAINS LIST! 
Our FREE monthly list gives details of bargains arriving or just 
arrived - often bargains which sell out before our advertisement can 
appear - it's an interesting list and it's free just send S.A.E. 
Below are a few of the Bargains still available. 

TR ANS MI TTE R SUR VEILL ANCE 

Tiny, easily hidden but which will enable conversation to be picked 
up with FM radio. Can be made in a matchbox - all electronic 
parts and circuit. £2.30. 
RADIO MIKE 
Ideal for discos and garden parties, allows complete freedom of 
movement. Play through FM radio or tuner amp. £6.90 comp. kit. 
SAFE BLOCK 
Mains quick connector will save you valuable time. Features include 
quick spring connectors, heavy plastic case and auto on and off 
switch. Complete kit. £1.95. 

LI G HT CH ASE R 

Gives a brilliant display - a psychedelic light show for discos, par-
ties and pop groups. These have three modes of flashing, two chase 
patterns and a strobe effect. Total output power 750 watts per 
channel. Comido kit. Price £16. Ready made up £4 extra. 
FISH BITE INDICATOR 
Enables anglers to set up several lines then sit down and read a book. 
As soon as one has a bite the loudspeaker emits a shrill note. Kit. 
Price £4.90. 
6 WAVEBAND SHORTWAVE RADIO KIT 
Bandspread covering 13.5 to 32 metres. Based on circuit which 
appeared in a recent issue of Radio Constructor. Complete kit in-
cludes case materials, six transistors, and diodes, condensers, resist-
ors, inductors, switches, etc. Nothing else to buy if you have an 
amplifier to connect it to or a pair of high resistance headphones. 
Price £11.95. 

SH ORT W AVE CR YSTAL R A DI O 

All the parts to make up the beginner's model. Price £2.30. Crystal 
earpiece 65p. High resistance headphones (gives best results) £3.75. 
Kit includes chassis and front but not case. 

RADIO STETHOSCOPE 
Easy to fault find - start at the arial and work towards the speaker 
- when signal stops you have found the fault. Complete kit £4.95. 
INTE RR UPTE D BE A M 

This kit enables you to make a switch that will trigger when a 
steady beam of infra-red or ordinary light is broken. Main compon-
ents - relay, photo transistor, resistors and caps etc. Circuit diagram 
but no case. Price £2.30 

O U R CAR STARTE R A ND CH ARGE R KIT has no doubt saved 
many motorists from embarrassment in an emergency you can start 
car off mains or bring your battery up to full charge in a couple of 
hours. The kit comprises: 250w mains transformer, two 10 amp 
bridge rectifiers, start/charge switch and full instructions. You can 
assemble this in the evening, box it up or leave it on the shelf in the 
garage, whichever suits you best. Price £11.50 + £2.50 post. 

GPO HI G H G AI N A MP/SI G N AL TR ACE R. In case measuring 
only 5%in x 3%in 01%in is an extremely high gain (70 M solid 
state amplifier designed for use as a signal tracer on GPO cables, etc. 
With a radin it functions very well as a signal tracer. By connecting 
a simple cod to the input socket a usefJI mains cable tracer can be 
made. Runs on standard 4%v battery and has input, output sockets 
and on-off volume control, mounted flush on the top, Many other 
uses include general purpose amp, cueing amp, etc. An absolute 
bargain at only £1.85. Suitable 80ohm earpiece 69p. 

3 CH AN NEL SOU N D TO LI G HT KIT 

Complete kit of parts for a three-channel sound to light unit con-
trolling over 2,000 watts of lighting. Use this at home if you wish, 
but it is more than rugged enough for Disco work. The unit is hous-
ed in an attractive two-tone metal case and has controls for each 
channel, and a master on/off. The audio input and output are by %" 
sockets and three panel mounting fuse holders provide thyristor 
protection. A four-pin plug and socket facilitate ease of connecting 
lamps. Price £14.95, complete kit and case. 

8 POWERFUL BATTERY MOTORS 
For models, Meccanos, drills, remote control planes, boats etc. £2.50. 
W ATERPR OOF HE ATI N G WI RE 

60 ohms per yard, this is a heating element wound on a fibre glass 
coil and then covered with p.v.c. Dozens of uses - around water 
pipes, under grow boxes in gloves and socks. 23p per metre. 

COMPONENT BOARD Ref. W0998 
This is a modern fibreglass board which contains a multitude cf 
very useful parts, most important of which are: 35 assorted diodes 
and rectifiers including 4 3amp 400v types (made up in a bridge) 8 
transistors type BC 107 and 2 type BEY 51 electrolytic condensers. 
SCR ref 2N 5062,25 Ouf 100v DC and 100uf 25v DC and oser 100 
other parts including variable, fixed and wire wound resistors, 
electrolytic and other condensers. A real snip at £1.15. 

FR UIT M ACHI NE HE AR T. 4 wheels with all fruits, motorised and 
with solenoids for stopping the wheels with a little ingenuity you can 
defy your friends getting the "jackpot". £9.95. + £4 carriage. 

DES OL DE RI NG PU MP 

Ideal for removing components from computer boards as well as for 
service work generally. Price £6.35. 

4•CORE FLE X CABLE 

White pvc for telephone extensions, disco lights, etc. 10 metres £2, 
100 metres £15. Other multicore cable in stock. 
MUGGER DETERRENT 
A high-note bleeper, push latching switch, plastic case and battery 
connsctor. Will scare away any villain and bring help. £2.50 com-
plete kit. 

HUMIDITY SWITCH 
American made by Honeywell. The action of this device depends 
upon the dampness causing a membrane to stretch and trigger a 
sensitive rnicroswitch. Very sensitive breathing on it for instance will 
switch it on. Micro 3 amp at 250V ac, Only £1.15. 
EXTR ACTOR FANS - Mains Voltage 
Ex-Computer, made by Woods of Colchester, 
ideal also as blower; central heating 
systems, fume extrac ion etc. Easy fixing 
through panel, very poweiful 2,500 rpm 
but quiet running. C oice of 2 sizes, 
5" £5.50. 6" £6.50. post £1 per fan. 

TIME SWITCH BARGAIN 
Large clear mains frequency controlled 
clock, which will always show you 
the correct time + start and stop switch-
es with dials. Complete with knobs. 
£2.50. 1  

J. BULL (Electrical) Ltd - Established 25 years. MAIL ORDER TERMS : 
Cash with order -- please add 60p to all orders un der £1 0, to  offset  pac king,  
etc. ACCESS & BARCLAYCARD WELCOMED. Our  shop is open  to  ca llers.  

BULK ENQUIRIES INVITED. Telephone: Haywards Heath (0444) 54563. 

www.americanra iohistorv.com 
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S-2020TA STEREO 
TUNER/AMPLIFIER 
KIT 
NEW HIGH PERFORMANCE TUNER  I 

A high-quality push-button 
FM Varicap Stereo Tuner with pilot 
cancel decoder combined 
with a 24VV r.m.s. per channel Stereo 
Amplifier, using Bifet op. amps. 
Brief Spec. Amplifier Low field Toroidal transformer, Mug. input:Tape In/Out facility (for noise re uction unit, etc.) THD less than 0-1 % at 20 W into 8 ohms. High Sle w Rate. Low noise op. amps 
used throughout Power on/off PET 'transient Protectio0. All sockets, fuses, etc., are PC mounted for ease of assembly. Tuner section uses UM 1 1 81 FET module requiring no RF align ment, ceramic 

IF, INTERSTATION MUTE, and phase-locked IC pilot cancel, stereo decoder, LED tuning and stereo indicators. Tuning range 88-108MHz 30dB mono S /N @ 0.79V. THD 0.3 %. 

PRICE: £69.95  vAT 

NELSON-JONES 
Mk. 2 STEREO FM 
TUNER KIT 
A very high performance tuner with dual 
!gate M OSFET RF and Mixer ready built 
front end, triple gang varicap tuning, 
linear phase 1.F. and 3 state M PX de-
coder. 

PRICE: £74.95 + VAT 

NRDC-A MBISONIC 
UHJ 

SURROUND SOUND 
DECODER 

The first ever kit specially produced by Integres for this British .NRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team. W. W. July, Aug., '77. 

The unit is designed to decode not only UHJ but virtually all other 'quadrophonic' systems (Not CD4), including the new BBC HJ. 10 input selections. 
The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output ririj aIS are provided in this most veisatile unit 

Complete with mains power supply, wooden cabinet, panel, knobs, etc. 
Complete kit, including licence fee £57.70 4- VAT or ready built and tested £76.95 + VAT 

111111 M1.. 

S5050A STEREO AMP Very high performance kit 
50 watts rms-channel. 0.01 5% THD. S/N 90 dB, Mags/n 80 dB. Output device 

rating 360w per channel. 
Tone cancel switch. 2 tape monitor switches. Metal case - comprehensive 
heatsinks. 

Complete kit only £69.95 4- VAT 

(Also available our 20w /ch BIFET S2020 Amp) 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

The original "Wireless World - published Intruder 1 has been re-designed by Integres to incorporate several new features, along with improved 
performance. The kit is even easier to build. The internal audible alarm turns off after 'approximately 40 seconds and the unit re-arms. 240V ac mains 
or, 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells 
etc. 
.Complete kit £52.50 plus VAT, or ready built and tested £68.50 plus VAT. 

Wireless World Dolby _noise reducer 
Trademark of DoloyIl_aboratories Inc. 

Complete Kit PRICE: £49.95 + VAT  (3 head model available) 

Also available ready built and tested  ............ ............................ ... ............ . ...  .................  ...... 

Calibration tapes are available for open-reel use and for cassette (specify which)    

Single channel plug-in Dolby  PROCESSOR BOARDS (92 x 87 mm) with gold platèd contacts and all components 

Typical performance 
Noise reduction better than 9dB weighted. 
Clipping level 1 6.5dB above Dolby level (measured at I % third 

harmonic content) 

Harmonic distortion 0.1 % at Dolby level typically 0.05 % over 

most of band, rising to a maximum of 0.1 2% 

Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at Dolby level) › 

at Monitor output 

Dynamic range >90dB 

30mV sensitivity 

We guarantee full after-sales technical and servicing facilities on all our kits, have you checked that 
these services are available from other suppliers? 

All kits are carriage free 

INTEGREH LIMITED 

Price £67.60 + VAT 

Price £2.75 + VAT 

  Price £10.50 + VAT 

'Please send SAé for complete lists and specifications 

Portwood Industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 215432  Telex 377106 
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EBF89  097 
EBL31  2.88 
EC90  1.26 
EÇ91  ale 
EC92  244 
EC157  310,50 
ECC33  a  R 
ECC35  402 
ECC40  2.30 
ECC8 1  1.01 
ECC82  0.82 
ECC83  I.01 
ECC/34  1.341 
ECG35  128 
ECC86  220 
ECC88  2.07 
ECC89  128 
ECC91  10.27 
ECC /89  1.10 
ECC807  2.02 
EC.C808  2,59 
ECF80  1.24 
ECF82  1.38 
ECF86  1.73 
ECH35  3.30 
ECH42  1.32 
ECH81  1.38 
ECHOS 1.44 
ECH84  1.47 
ECL80  1.15 
ECL81  1.73 
ECU32  1.15 
ECL.133  1.73 
EC124  1.61 
ECU35  1.28 
ECL86  1.38 
EF37A  4.02 
EF39  3.16 
EF40  1.22 
EF41  2.30 
EF42  2.30 
EF50  1.73 
EF54  5.75 
EF55  2.98 
En-90 0.92 
En-93 4.03 
EF85  0.92 

EF86 1.74 
EF89  Lm 
EF91  2.07 
EF92  468 
EF93  115 
EF94  1.24 
EF95  6.27 
EF98  1.44 
EF183  0.92 
EFI84  0.96 
EF8045  12.05 
EF8055  12.65 
EH90  1.61 
E080  1.24 
EL32  1.73 KTVV62 
EL33  4.02 
EL34TH  2.53 
EL34MUI  3.16 
EL36  1.84 
EL41  1.44 
EL42  102 
EL81  1.88 
EL%  4.03 
ELM  1.15 
FL%  288 
EL90  1.10 
E1-91  8.21 
EL95  1.51 
EL156  2709 
EL360  9.77 
EL930/504 2.16 
EL509  333 
E1.1321  11.46 
EL822  1225 
EM'34  5.75 
EM80  126 
EM81  1.15 
EM84  1.15 
EM85  1.44 
EM87  1.73 
EN32  16.28 
EN9I  134 
ENS)  6.18 
EY51  2.02 
EY8I  1.89 
EY83  2.02 
EWA  10.57 
EY86  0.16 
EY88  2.02 
EY500A  2.23 
EY802  44 
EZ35  97 
E140  1.44 
EZ41  1.44 
EZ80  0.90 
EZ81  0.96 
EZ90  10.9 
FW4-500  I% 
FW4.800  288 
G1.371K  41.90 
G55IK  12.65 
G180.2M  18.42 
G240 2D  1235 
0400.1K  1928 
GN4  8.e2 
GN4A  8.02 
GS16  10.35 
GT1C  1418 
0050 14.31 
0051  13.92 

GXU1  16.10 
GXU2  2843 
GXU3  30.4$ 
GX1.14  32.77 
GXU50  1222 
GY501  376 
GZ32  1.44 
GZ33  440 
02,39  2.80 
0137  4.00 
KT61  4.02 
KT66  11.50 
KT%  1280 
KTVV6I  2.02 

202 
541 W63  2.02 
M8079  12.29 
140080  9.48 
140601  11.30 
M8082  9.87 
M808.3  8.54 
M8091  1109 
M8096  4.31 
M8097  4.09 
M8098  5.50 
M8099  5.98 
M8100  11.49 
M8136  9.75 
M8I37  9.73 
M8140  5.17 
140141  5.52 
140142  7.77 
140144  421 
140149 5.86 
140101  9.11 
140102  1930 
M8163  5.17 
M8190  5.211 
M8 I95  415 
M8196  7.47 
M8204  6.57 
M1212  12.47 
MP223  3.80 
M8224  4.66 
540255  2.91 
M8248  13.32 
MU14  1.73 
INXI19  5845 
MX123  67.85 
MX145  5805 
MXI51  17.25 
MX152  135.70 
MX161  166.75 
MXI63  2211 
MX164  2538 
MX166  142.60 
MX168  4820 
N78  10.35 
0A2  238 
OAS  5.69 
0A4  4.02 
OB2  1.44 
OB3  220 
0C2  3.04 
0C3  220 
OD3  220 
OZ4  124 
PC86  1.81 
PC88  1.61 
PC96  1.49 

PC97  Lis 
5C900  1.38 
PCC84  1.15 
PCC85  118 
PCC88  1.38 
PCC89  1.56 
PCC189  1.81 
PCC805  1.51 
PCC806  202 
PCE82  237 
PCF80 LIS 
PCF82  1.15 
PCF86  I.84 
PCF87  124 
PCF200  3.74 
PCF201  145 
PCF801  1.84 
PCF802  2.19 
PCF805  1.84 
PCF950  124 
PCF808  1.84 
PCL82  1.15 
PCL83  2.30 
PC1.84  1.15 
PCI.85  1.24 
PCL86  1.24 
PC1805/85 1.24 
P0500  4.14 
PECO-40N 31.40 
PPL.200  207 
P1.36  1.38 
PL81  1.38 
PUMA  1.38 
P482  1.38 
PL8.3  2_55 
1/1,4  1.24 
P1504/5  1.61 
PL508  2.07 
PL999  1.73 
P1519  3-73 
P1.301  1.27 
PL802  3.40 
PY33  1.27 
PY81  0.97 
PY82  122 
PY133  0.81 
PY88  1.01 
PY500A  207 
PY800  0.17 
PY801  037 
QQ4/02-6 14.49 
QQV03-20A 

24,13 
QQV06-40A 

4775 
QQV07.50 40.66 
QQZ03.20A 

5904 
QQZ06-40A 

5570 
QU37  14.38 
QV03-12  5.13 
QV04-7  239 
QV08-100122.24 
QY3.65  57.08 
QY3-I25  61.02 
QY4-250  71118 
QY4-900  80.44 
QY5-500 16823 

QY5-3000A 
33301 

QZ06.20  30.48 
RIO  5.75 
1617  121 
RI8  4.89 
1619  1.38 
1620  1.06 
RG3-250  35.77 
803,250A 37.49 
RG3-1250 3623 
RG4-1250 43.93 
RG4-3000 811.114 
liR3-250  53.54 
RR3-1150 9483 
511E12  4425 
5130  3.45 
5130P  403 
S1V280-4011.50 
STV280-8024.15 
51141  238 
SU42  11.35 
TD03-10  32.78 
TD03-10E 32.78 
TD03-29F 33.93 
Trfs  34-51 
T721  14.16 
1-122  18.17 
TTIO0  59.51 
TY2-125  (0.111 
TW4-900 74.07 
TY4-500 101.44 
TY5-500 178.25 
TY6-800 181.70 
TY6-5000A 

33721 
TY6-931X113 

244.30 
TY6-5000W 

21698 
TY7-6000A 

357.49 
TY7-6000W 

204.33 
1240  17.25 
018-20  238 
019  15.81 
025  1.13 
026  1.66 
U37  10.35 
UABCP0  1.44 
UAF42  1.44 
UB4I  1.44 
UBC41  1.73 
UBF89  118 
UCC84  1.26 
UCC85  1.38 
UCF80  1.32 
UCH42  138 
UCH8I  2.67 
UCL82  1.20 
1.1C12.3  1.66 
UF41  1.15 
LIF42  1.44 
UF80  1.66 
0105  1.80 
Un-09 1.66 
ULU  188 
01.04 1.313 
UMOO  1.15 

UY4I  1.44 
uyg5  lye 

VLS631  15.24 
XG1-2500 42.04 
XG2-6400113.50 
X05-500  28.52 
XG2-6400 106.15 
XRI-1600A 

38-53 
XR1.3200 93.15 
XR1-3200A 

93.15 
XR1.6400142.11 
XRI -6400A 

164.23 
YD1120 264.50 
YD1240 306.62 
Z759  19.12 
ZM1000  643 
ZM1001  6.19 
ZM1020  10.83 
ZM1021  10.17 
7,141022  10.10 
ZM1023  8.81 
ZM1040  2218 
ZM1041  19.16 
ZM1042  20.44 
ZM1051 10405 
1B3GT  2.58 
11424  1144 
1535A  28.73 
IB63  57.50 
155  1.21 
1S5  8,40 
IT4  0.48 
2.0515  11.30 
2C39A  21.85 
2C43  20.70 
2D21  2.94 
2E26  15.34 
2342  811.70 
2755  239.87 
2770A  270.25 
27705  418.34 
29.25  40.25 
3-4001  37.30 
3-500Z  63.25 
3A5  2.70 
3524  9.20 
3528  8.63 
3529  11.50 
313240M  17.25 
31324IM  1725 
3C23  18.71 
3C45  28.18 
3C X100A5 23.16 
3E29  29.67 
354  120 
3V4  1.38 
465A  29.15 
4-I25A  41.88 
4-250A  41.99 
4-400A  52.05 
4532  29.16 
4C3.5  74.75 
4CX25013 31.63 
4CX350A 48.88 
4X150A  24.41 
4X150D  28.75 

5B254M  2372 
5025594  23,12 
5C22  74,75 
52180E 1380.110 
5R4GY  2.10 
51.14G  324 
5U4GB 2_90 
5V4G  1,73 
5Y3GT  0.98 
5Z3  1,73 
5Z4G  1.75 
5Z4GT  1.75 
6-30L2  1.79 
6A134  1.44 
6AB7  1.73 
6AC7  1.111 
6AF4A  144 
6AG7  2.30 
6AH6  232 
6AK5  4.15 
6AK6  2.81 
6A1-5  101 
6AM4  2.65 
6AM5  8.21 
6AM6  207 
6AN5  4.45 
6AN8A  1.97 
6AQ5  1.10 
6AS6  5.73 
6A.S7G 9.49 
6AT6  698 
6AU5GT  4.97 
6AU6  1.24 
6AV5GA  4.52 
6AV6  0.88 
6AX5GT  127 
6137  1.23 
658  202 
65,56  1.15 
68.0.7  5.81 
6BA8A  411 
6BC4  427 
613E6  1.24 
6B546  1.75 
6876  1.24 
6E4E4  40.4 
6131.2  97.75 
65L7GT  4.44 
sems  17.75 
65N6  1.89 
65Q7A  4.20 
6BR7  4.60 
60168  202 
6557  4.60 
6I3W6  4.68 
613W7  1.75 
6BX7GT  5.70 
657,6  273 
6C4  101, 
CB6A  236 
6CD6GA  5.83 
6CG7  202 
6CH6  078 
6CL6  4.12 
6CW4  8.83 
6D2  1.01 
6DK6  3.01) 
60Q6B  469 
6EA8  3.38 

6E58 
6E W13 
6F6 
6123  
6F28 
6F33 
6H1 
61-12N 
6H3N 
6116 
674 
676 
637  
6K4N 
6K6GT 
6K7 
6K8 
6KE/6 
6L6G 
6L6GA 
6L6GT 
6L6GC 
6L7 
6N2P 
6N3P 
6547 
6125 
6Q7 
6167 
6SA7 
6SC7 
6SF7 
65117  
6037 
6SK7 
6SK7GT 
65N7GT 
OSQ7 
6SR7 
00 S7 
6U5G 
60 8 
000,5 
6V6GT 
6X4 
6X5GT 
707  
7C5 
7C6 
7547 
7R7 
757 
7Y4 
7Z4 
11E3 
12AT6 
12AT7 
12A06 
12A07 
12.AV13 
12AV7 
12.0707 
12AY7 
1254A 
120,56 
125E6 
1213117 
125Y7 
12E1 

2.44 
1.73 
2.02 
1.84 
1.33 
2949 
1438 
1.21 
1.21 
1.73 
6.10 
621 
8.07 
1.44 
1.50 
1.73 
2112 
7-31 
2.88 
1.73 
2.24 
2.88 
2.30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.67 
1.47 
1.73 
1..M 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.07 
2.30 
012 
3.38 
1.84 
128 
0.97 
lit 
3.40 
2.00 
2.30 
123 
2.98 
1.84 
2.13 
6082 
1.38 
1.01 
2,97 
0.83 
2.55 
4.00 
1.01 
449 
3.62 
2.52 
2.79 
129 
3.11 
19.87 

12E1117  19.26 
12E14  34.50 
13E1  123.05 
19H4  28.75 
19115  4025 
2459  55.20 
30C15  1.84 
30C17  131 
30C18  134 
30E5  1.91 
30FL1/2  1.28 
30FL12  2.07 
30/114  1.84 
30LI  1.15 
30L15  107 
30L 17  2.07 
30P9 1.06 
30P19  1.38 
30PL1  E2.88 
30PL14  1.93 
30PL 15  107 
35W4  0.09 
5005  0.81 
7551  5.18 
75CI  2.70 
85AI  813 
85A2  2.75 
90AG  14.90 
90AV  14.90 
90C1  241 
90CG  16.72 
90CV  17.50 
9,2AG  14.90 
92AV  14.90 
95A1  748 
150132  1.47 
150B3  6.39 
150C2  2.21 
150C4  2.75 
211  6.90 
723AB 40.25 
803  1120 
805  23.00 
807  4.31 
811A  18.32 
8I2A  18.26 
813  85.87 
833A  128.80 
866A  1523 
872A  21.47 
922  5.01 
931A  16.97 
1624  221 
1625  1.96 
2050  8.00 
4212E  344.75 
421254  341.75 
5544  62.10 
5545  67.85 
5551A  106.03 
5552A  143.35 
5553A  259.10 
5642  6.45 
5654  3.93 
5651  2.15 
5670  5.18 
5675  19.91 
5687  8.31 
5696  4.35 

5718  
5725  7.87 

5.62' 
5726  3.62 
5727  5.42 
5749  5.14 
5751  4.80 
5763  4.66 
5014,5  4.28 
5840  5.06 
5842  13.90 
5876A  19.5.5 
5879  5.18 
5586  12.48 
5963  338 
5965  400 
6005  5.62 
6021  5.13 
6057  4.02 
6058  12.47 

' 6059  4.60 
6061  4.89 
6062  4.31 
6063  4.20 
6064  8-54 
6067  4.02 
6072  580 
6080  788 
6097A x B x C 

46.09 
6I46A  10.30 
61465  012 
6I59B  17.27 
6189  10.03 
6201  5.28 
6442  1725 
68835  12.77 
6973  438 
7025  273 
7551  6.45 
7586  11.06 
7587  20.11 
7609  36.57 
7968  541 
7895  13.25 
so05  7603 
80%  8.31 
8122  00.11 
8136  2.49 
8417  0.76 
18042  8.63 
18095  12.06 

Tested 
Ex-Equipment 
4C742505  5.75 

BASES 
B7G unslorted  027 
57G skirted  0.35 
B9A unskirted  Oil 
B9A skirted  0.35 
Int Octal  0.44 
Loctal  043 
Nuvistor base  046 
8 pin DIL  017 
19 pin DIL  017 
16 pin OIL  0.20 
Valve screening 
cans all sizes  0..15 

CRTs 
2AP1  9.70 
20P1  10.35 
3BP1  11.50 
3DP1  5.75 
3EG1  8.05 
3FP7  6.90 
3GP1  6.90 
31P1  9.20 
37P2  9.20 
3.1F'7  11.50 
3KP1  17.25 
3RP1  40.25 
3WP1  21.00 

5ADP1  40.25 
513P1  11.50 
5CPI  11.50 
5CPIA  46.00 
5FP15A  17.25 
501'7  16.10 
1107.5  2.9.75 
DG7.32  41.46 
DH3-91  35.65 
DH7- 11  78.20 
VCR97  1320 
VCR138  11.50 
VCRI38A 14-18 

VCR139A 9.20 
VCR517A 11.50 
VCR517B 11.50 
VCR5I7C 11.50 
Tube Bases 
Prices on 
application 

INTEGRATED 
7400  0.18 
7401  0.20 
7402  0.20 
7403  0.20 
7404  0.21 
7405  0.21 
7406  0.49 
7407  0.49 
7408  0.23 
7409  0.23 
7410  0.20 
7412  0.33 
7413  0.37 
7416  0.37 
7417  0.37 
7420  0.21 
7422  0.23 

C IR 
7423  0.38 
7425  035 
7427  0.35 
7428  0.50 
7430  0.20 
7432  0.15 
7433  0.48 
7437  027 
7438  027 
7440  0.37 
7441  1.04 
7442  0.83 
7447AN  1.15 
7450  0.21 
7451  0_21 
7453  0.21 
7454  0.21 

CUITS 
7460 
7470  621 0.44 
7472  0,38 
7473  8.44 
7474  044 
7475  4.42 
7476  646 
7480  044 
7482  0.86 
7483  1.15 
7484  1.21 
7486  0.45 
7490  0.08 
7491  694 
7492  0,89 
7493 0.16 
7499  0.94 

7495 
74%  0.84 

0.94 
7497  3.62 
74100  1.77 
74107  0.52 
74109  024 
74110  0.59 
74111  0.82 
74116  2.13 
74118  1.15 
74119  1.77 
74120  0.95 
74121  0.49 
74122  0.71 
74123  1.36 
74125  0.67 
74126  687 
74128  672 
74132  0.83 

74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74172 
74173 
74174 

0.59 
1.02 
2.04 
2.99 
2.88 
1.15 
2.30 
2.02 
2.67 
1.08 
2.97 
1.04 
1.04 
0.86 
2.53 
2.76 
5.66 
1.63 
1.84 

74175  1.17 
74176  1.32 
74178  1.58 
74179  1.58 
74190  1.38 
74190  2.19 
74191  2.19 
74192  2.19 
74193  2.19 
74194  1.44 
74195  1.38 
741 %  1.55 
74197  1.55 
74198  3.11 
74199  2.04 
76013N  2.02 
TAA570  2.115 
TAA6305  4.02 
TAA700  4.50 

THA480Q  2.12 
TBA520Q  2.65 
TBA530  2.28  
TBA540Q  2.65 

TBA550 Q  3.70  
THA560CQ 270 
TBA673  2.52 
TBA700  1.75 
TBA720Q  2.65 
TBA750Q  2.38 
TBA800  1.38 
TBA920  3.14 
TBA920Q  3.34 
TBA990Q  3.14 
TCA270Q  3.34 
TCA760A  1.59 

'ta mis of business: C WO. Postage and pecking valves and se miconductors 40p per order. CRTs £1 All prices include VAT. 
Price ruling at time of despatch. 

In so me cases prices of M ullard and USA Valyea will higher than those advertised. Prises correct when going to press. 

Account faciities available to approved companies with mini mu m order charge £10. Carriage and packing Et on credit orders. 
Over 10,000 types of vatres, tubes and se miconductors in stock. Quotations for any types not listed. S.A.E. 

Open to callers M onday-Friday 9 a. m.-5 p. m. 

Telephone 01 -677 2424/7 
Telex 946708 
E. & 0.E. 
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Cotswold Electronics 
Toroidal Power Transformers 

3udget range For the amateur and ro[essional rimumig ri) r 

• A budget range of Toroidal transformers horn the people hacked by 25 years of experience 
supplying the high technology industries of avionics, telecommunications, electremedical etc. - 
Transformers constructed from highest grades of grain oriented silicon steel to give operation at 
high flux density with very low iron losses resulting in high efficiency. • A reduction of up to half 
the weight and volume and radiated held as low as one tenth when compared with laminated 
conventional equivalents. • Each transformer supplied with fixing kV and technical information sheet. 

Mid  al M .M M 

01.43 p.p.  r Cotswold Electronics Ltd Cheltenham 61.51 9NX e 

Type Mains Voltage Secondary Volts VA Dry 

01026  12+12  4.17  40mm  1. 00 

C1021  15+15  3.33  40mm  1.00  f5.70 
01022  18+18  2.78  40mm  1.00 
C1023  22+22  2.27  40mm  1.00 

01024  25+25  2.00  40mm  1.00  • 61.07 VAT) 
01025  30+30  1.67  411mm  1.00  I   I 

CC11002267   212100   00.,9451   44401mmmm   11..0010)   I     FWReE EpPaOy SpToIUstKa goen loyn):   I 

C1028  240  0.42  40mm  1.00 II enclose Cheque iii P.O.. DI MoInety Oider D11  I I I I I  all enquiries and  . oenrdveerslop.eAddpreesspt vyiour ; 

NOTE: All types normally supplied with 240 V primary 110 V. 220 V or &hell AccessIBarclaycard No  1   Cotswold Electronics 
I Name   voltage supplied on request. Ltd, FREEPOST,  I 

24 hour answering scone: You may telephone your order throughout 24 hours! Address   Chehenham Glos. G151 1B6  1 
II \ Lotting your Access or Barclaycard number. Phone number 024241313.   Telephone No. Postal Code   (No stamp required) I 

102 

Type 

Secondary 
Vohs Current 

VA  EMS  RYAS 

C1000 
C1001 
01002 
C1003 
C1004 
C1005 
C1006 
C11307 

30  6+6  2.50  70mm 
30  9 + 9  1.67  70mm 
30  12+12  1.25  70mm 
30  15+15  1.00  70mm 
30  18+18  0.83  70mm 

30 22+22  0.68  70mm 
30 25+25  0.60  70mm 
30 30+30  0.50  70mm 

30mm 
30mm 
30mm 
30mm 
30mm 
30mm 
30mm 
30mm 

0.45 
045 
0.45 
0.45 
0.45 
0.45 
0.45 
0.45 

C1010  60  9+9  3.33  87mm  33mm  0.75 
C1011  60  12+12  2.50  87mm  33mm  0.75 
C1012  60  15+15  2.00  87mm  33mm  0.75 
C1013  60  18+18  1.07  87mm  33mm  0.15 
C1014  60 22 +22  1.36  87mm  33mm  0.75 
01015  60 25+25  1.20  87mm  33mm  0.75 
C1016  60 30+30  1.00  87mm  33mm  0,75 
C1011  60  110  0.55  87mm  33mm  0.15 
C1018  BO  220  0.27  87mm  33mm  0.75 
C1019  60  240  0.25  87mm  33mm  0.15 

Price 

£4.55 

(+61.10 p.p. 
y 0.64 VAT) 

(.61.43 p.p. 
+ 0.94 VAT) 

100 
100 
100 
100 
100 
100 
100 
100 
100 

88mm 
88mm 
88mm 
88mm 
88mm 
88mm 
88mm 
88mm 
88mm 
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C100 
C1031 
01032 
01033 
C1034 
C1035 
C1036 
C1037 

01040 
C1041 
C1042 
01043 
C1044 
01045 
01046 

VA 

160 
160 
160 
160 
160 
160 
160 
1611 

Secondary 
Volts I Current 

EMS I EMS 

Dimensions 

Die. [Height 

18+18 
22+22 
25+25 
30+30 
35+35 
110 
220 
240 

4.44 
3.64 
3.20 
2.61 
2.29 
1.46 
073 
0.67 

108mm 
108mm 
108mm 
130mm 
1Ihimm 
1011mm 
108mm 
108mm 

42mm 
42mm 
42mm 
42mm 
42mm 
42mm 
42mm 
42mm 

Type 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

25+25 
30+30 
35+35 
40+40 
110 
220 
240 

4.60 
3.83 
3.29 
2.88 
2.09 
1,06 
0.96 

115mm 
115mm 
115mm 
115mm 
115mm 
115mm 
115mm 

50mm 
50mm 
50mm 
50mm 
50mm 
50mm 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

Price 

£13,40 

I+ £1.73 p.p. 
+ £1.52 VAT) 

I. £1.73 p.p. 
£1.79 VAT) 

01050 
C1051 
01052 
01053 
01054 
01055 
01056 
C1057 g 

25+25 
30+30 
35+35 
40+40 
45+45 
110 
220 
240 

6.60 
5.50 
4.71 
4.13 
3.67 
3.00 
1.50 
1.38 

130nim 
130mm 
130mm 
130mm 
130mm 
130mm 
130mm 

130mm 

52mm 
52mm 
52mm 
52mm 
52mm 
52mm 
52mm 
52mm 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

£11.90 

I. £1.90 p.p. 
+ £2.07 WO) 

01060 
C11161 
C1062 
C1063 
01064 
01065 
C1066 
C1067 g 

30+30 
35+35 
40+40 
45+45 
50+50 
110 
220 
240 

8.83 
7.57 

6.63 
5.89 
5.30 
4.82 
2.41 
2.21 

145mm 
145mm 
145mm 
145mm 
145mm 
145mm 
145mm 
145mm 

60mm 
60mm 
60mm 
60mm 
60mm 
SOmm 
60mm 
60mm 

3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 
3.8 

MODERN LABORATORY TOOL HOUSED 
IN ATTRACTIVE STEEL CASE 

* HOLD SIX EPROMS 

* SAFETY INTERLOCKED 
EPROM TRAY 

* SEPARATE ERASE 
INDICATOR 

* MONEY BACK 
GUARANTEE 

£8.50 
Including VAT 

150ST 
FREE 

LOW 
COST 
EPROM 

ERASURE 
Send cash with order to: 

NORTHERN ELECTRONICS 
51 ARUNDEL STREET 
MOSSLEY, LANCS. OL5 OLS 
Tel: 04575 4119 

WW - 031 FOR FURTHER DETAILS 

r- 1 

(7:J  I I 

£15.80 

ta £2.05 pp. 
+ £2.68 VAT) 

Electronic Measurement 
Services 

REPAIR 84 CALIBRATION SPECIALISTS OF 
TEST 81 MEASURING INSTRUMENTS 

* Fast turn around time 
* High quality backed by warranty 
* Competitive rates 
* Certification if required 
* Nationwide collection and delivery service 

Stockport Road, Longsight, Manchester 
M13 OLF 

061-273 4653 vm,No 032 

WW - 032 FOR FURTHER DETAILS 

SAFGAN presents DT-400 series from £169 + VAT 
HIGH-QUALITY DUAL TRACE OSCILLOSCOPES 
A BRITISH PRODUCT EVERYONE CAN AFFORD 

Model DT-410  DUAL TRACE  5mv /div  10MHZ @ £169 + VAT 
Model DT-412  DUAL TRACE  5mv / div  12MHz @ £175 + VAT 
Model DT-415  DUAL TRACE  5mv /div  15MFiz @ £188 + VAT 

SPECIFICATION FOR ALL MODEI_S  
* CH1, CH2; 5mv/dii - 20v /div in 12 col 1-2-5' 

'steps. Input impedance 1 MO + 22pF 

* BAND WIDTH: 10MHz (DT-410), '12 M Hz (DT-41 2) 
15MHz (DT-41 5) 

* TI ME BASE: 0.5ps/div -200ms/div in 18 cal steps 
X5 Expansion to 100 ns/div 
X5 Multiplier to 1 5/div 

* XY FACILITY: Matched Inputs X = CHI, Y CH2 

* TRIGGER: Level Control. .± Slope, Bright Line AUTO, 
NORMAL, TV Triggering CHI, CH2 0.5 div, EXT Trig 
100mv 

* Z Modulation' 
* Cal output/probe compensation. 
* Graticule blue ruled 8 x 10 div (6.4 x 8cm 2) 

* SIZE: H21 5mm W165mm D280mm Weight 4.5 kg. 

PROBE (Xl -REF -X10) £11.50 ± V.A.T. 

BARCLAYCARD Orders to: SAFGAN ELECTRONICS LTD. Goods + 15 % + £3.50 P&P). Or £6.50 parcel service 

56 Bishop's W ood, Sr. John's, W oking, Surrey, GU21 31313 Tel: W oking 69560 or W oking 66836 

London Stockist: Audio Electronics, Edgware Road, London. Tel. 01-724 3564 
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World Leader in Duplicating 
&Tape-loading Equipment 

DP4050 OCF 
Reel to cassette 
copier. 6 
slaves, DC 
Servo motors 
and ferrite 
heads. 2 speed 
master. 

C2 In-cassette Copier 
High quality at low cost. Stereo. 
Expandable to 11 copies. Ferrite 
heads. DC servo motors. 

DP2700 Audio Tape-loader 
A precision loader at a budget 
price. Compressor not 
required. Easy to operate and • 
reliable. 100 C-60 per hour. 

Video tape loaders also available Sole UK Distributor: 

ITA, 1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497. Telex: 21879. 

WW - 077 FOR FURTHER DETAILS 

Happy Memories 
4116 
2114 
2708 

200ns 
200ns 
45Ons 

2114  450ns 
2716  5 volt 

£2.25 
£2.95 
£3.95 

£2.20 
£5.25 

Memorex Soft-sectored mini-discs for 
PET, TRS-80 etc. Supplied in FREE 
'LIBRARY CASE, £19.95 per 10 

Pins 
Pence 

Low Profile I.C. Sockets by "Texas" 
8 14 16 18 20 22 24 28 40 
10 11 12 16 17 20 21 28 37 

Memory Upgrade Kits for Apple, 2020, TRS-80, etc.: 
from £18, please phone. Quantity prices available on 
request. Government and Educational Orders welcome. 

Trade accounts opened. 

All prices include VAT. Postage FREE on orders 
over £15, otherwise add 30p 

Access and Barclaycard welcome 

HAPPY MEMORIES, DEPT. W. W. 
GLADESTRY, KINGTON 

HEREFORDSHIRE HR5 3NY 
Tel. (054422) 618 

Memories  Price 
2114L-30Ons  £2.10 
4116-20Ons  £1.89 
2708-45Ons  £3.15 
2716-450ns  £4.99 

74LS series 
74LS240  £1.54 
74LS243  £1.54 
74LS244  £1.54 
74LS245  £1.70 

Bridge Rectifiers 
25 Amp 50 volt  £0.74 
25 Amp 100 volt  £0.94 
25 Amp 200 volt  £1.26 
25 Amp 400 volt  £1.68 
25 Amp 600 volt   £2.10 
25 Amp 800 volt  £2.63 

Please add 50 pence for carriage. 
All prices EXCLUDE VAT 

Please send s.a.e. for price list. 

STRUTT LTD. 
ELECTRONIC COMPONENT DISTRIBUTORS 

ETC. 
3c BARLEY MARKET STREET, TAVISTOCK 

DEVON, ENGLAND PL19 OJF 

Tel. Tavistock (0822) 5439/5548. Telex: 45263 
W W - 038 FOR FURTHER DETAILS 
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. . . the only magazine in Britain that 
gives the amateur enthusiast and 
professional engineer alike a com-
prehensive up-to-date coverage of 
TV technology. Coverage includes the 
latest developments in circuitry, video 
and long distance television ... with a 
special emphasis on servicing and 
fault finding. 

Regular  construction  articles 
have included test equipment, mono-
chrome/colour receivers, monitors 
and video cameras. 

THIS MONTH 
Construction 
An 'Arrow' Generator 
A special joystick control unit for inclusion between 
camera and monitor... drawing attention to points on a 
TV display by use of a moveable arrow. 

Servicing 
Greatly increased reliability of modern TV sets means 
intermittent faults are accounting for a much larger 
proportion of the servicing workload. We offer guidance 
on tracking down these, often difficult to locate, faults. 

Review 
THORN TX10 Chassis 
We review the latest Thorn chassis probably the equal of 
any in the world. 

111,ENItS11111 
keeps yo u in 
magazine that 
The monthly 

the picture! eop 

Sowter 
Transformers 

With 40 years' experience in the design and manufacture of several hundred 
thousand transformers we can supply: 

AUDIO FREQUENCY 
TRANSFORMERS OF EVERY TYPE 

YOU NAME  WE MAKE 
OUR RANGE INCLUDES 

Microphone transformers (all types), Microphone Splitter/Combiner transfor-
mers. Input and Output transformers, Direct Injection transformers for Guitars, 
Multi-Secondary output transformers, Bridging transformers, Line transformers, 
Line transformers to G.P.O. Isolating Test Specification, Tapped impedance 
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk 
transformers (all types), Miniature transformers, Microminiature transformers for 
PCB mounting, Experimental transformers, Ultra low frequency transformers, 
Ultra linear and other transformers for Valve Amplifiers up to 500 watts, Inductive 
Loop Transformers, Smoothing Chokes, Filter, Inductors, Amplifer to 100 volt line 
transformers (from a few watts up to 1,000 watts), 100 volt line transformers to 
speakers, Speaker matching transformers (all powers), Column Loudspeaker 
transformers up to 300 watts or more. 
We can design for RECORDING QUALITY, STUDIO QUALITY, HI-Fl QUALITY OR 
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE 
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard 
types are in stock and normal dispatch times are short and sensible. 
OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, 
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-Fl ENTHUSIASTS, 
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we 
have overseas clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc. 
Send for our questionnaire which, when completed, enables us to post quota-
tions by return. 

E. A. Sowter Ltd • 
Manufacturers and Designers 

E. A. SOVVTER LTD. (Established 1941), Reg. No. England 303990 
The Boat Yard, Culling ham Road, Ipswich IP1 2EG, Suffolk 

P.O. Box 36, Ipswich IP1 2EL, England 
Phone: 0473 52794 & 0473 219390 

•  
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XLR CONNECTORS 
Line Female A3F  E1.07  Chassis Female D3F 
Line Male A9m  £0.93 Chassis Male D3M 

4, 5 and 6 pm versions and large selection audio adaptors available 

£1.34 
£0.77 

N E U T RI K  XLR CONNECTORS 
Latchless Chassis NC3-FZ  £0.67 
Line Female NC3-SC  £1.34 

Latchless Chassis Male NC3-MZ  £0.59 
Line Male NC3-MC  £1 15 

XLR LNE SERIES 
XLR INS 11C  £3.87  .XLR LNE 12C  £3.76 
.XLR LNE 32  £2.89  XLR LNE 31  f4.14 

BELCLERE AUDIO TRANSFORMERS 
EN6422 Ratio + 1.2 + 2. Frog 401-1?-35KHz. PRI 150/600a sec. 600/2.41C0  £3.30 
EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI 150/600a sec. 6,26K/25K12  £3.30 
SKI-723 MuMetal Screening can, 39dB reduction 50Hz ext, field  £1.05 
Trade enquiries welcome; quantity discounts available. All prices subject to VAT. Call, write or 

phone. Min. order £10. Please add £1 postage. Access, Amex, Barclaycard. 

Boy il withAccess 

KELSEY ACOUSTICS LTD. ri   
28 POWIS TERRACE, LONDON W11 1JH  iir =s=8 

01-727 1046 

W W-066 FOR FURTHER DETAILS 

Wirewound Cera mic Resistors 
5w-17w 0R5-39K 
from £9.35 
per 100 

Cable Sleeves and Markers from 
£1.38 per 1,000. 
Cri mp Terminals from £9.60 per 
1,000. 
Audible Warning Devices. Buzz-
tone, Bleeptone, Banshee, Bed-
lam, etc, from £1.14 each. 
Self-adhesive Pcb guides from 
£5.04 per 100. 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

rom £3.15 per 100. 

Carbon Film Resistors 1/4 w 5% 
£2.50 per 1,000, per value, car-
riage and VAT extra. 
6R8 33R 100R 120R 360R 470R 
560R 2K4 2K7 4K7 5K6 7K5 8K2 
100K 120K 150K 220K 300K 390K 
820K. 

Lists available of other wattages 
and values on special offer. 

PBRA LTD. 
Golden Green, Tonbridge 
Kent TN11 OLH 
Hopfield (073274) 345 
Me mber Crystalate Group 

W W-074 FOR FURTHER DETAILS 
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e L. J. ELECTRONICS LIMITED 
MICROELECTRONIC AND MICROPROCESSOR SYSTEMS FOR EDUCATION 

'W W - 051 FOR M ORE DETAILS 

* VIDEO 

MONITOR BARGAIN * 
Due to a large purchase of surplus equipment, we are able to offer these superb 
professional 12in. green phosphor monitors at a fraction of their usual cost - 

* Manufactured by US Incoterm Corporation, imported by large mainframe 
manufacturer. 
* Standard composite video in - just plug into your micro. 
* 230v mains. Additional PSU to supply keyboard included. 
* Extremely attractive anodised aluminium case. 
* 600 line resolution - P39 Phosphor - anti-reflective screen. 
* Ideal for graphics or alphanumeric display. 
* Complete with mains lead, long video cable and manual. 
* Guaranteed brand new in original boxes. 

We believe these are the finest monitors available at any price. 
Trade enquiries invited. 
Only £75 each + VAT. Carriage £7.50. 

KEYBOARDS 
84 Key ASCII with numeric cluster and control keys. LED Status indicators. In very 
smart case, with all encoding circuitry and on-board regulators, brand new and 
unused. No circuit available, so only £27 each. We also have some keyboards, as 
above, but without indicators and case for only £15. Add VAT and £2.50 postage. 

OTHER BARGAINS 
Diablo series 30 disk drives, 2.5 MByte.  £500 
Fixed 5 Megabyte disk and controller for 8080  £400 
IBM standard floppy drive and controller for 8080  ,  £200 
TEXAS Silent 700 ASCII 30 cps Terminals (K M  £175 
KSR33 Teletypes, 20mA loop ASCII  £100 
Terminet 300 ASCII cps letter quality term.  £300 
Pertec Industry standard 9-track Magtape drives  £450 
BASF 12-Sector Disk Cartridges, RK05 type, NEW  £30 ea. 
DECTAPES, for TU55/56 drives  £20 for box 12 reels 
TALLY high speed tape readers 

' 
 £76 

Many other items plus full range of PDP8/11 modules in stock - please telephone 
for latest list. VAT and carriage extra. 

CHILTERN ELECTRONICS 
B.C.M., Box 8085, London WC1N 3XX. Tel. 0494 714483 

W W - 72 FOR FURTHER DETAILS 

Send for details of our:-

.iii. Microprocessor Systems 

41 Peripheral Hardware 
Test Equipment 

*  Digital Patching Systems 

It* Analogue Patching Systems 

* Laboratory Power Supplies 

L. J. ELECTRONICS LTD., 

9, Francis Way, 

Bowthorpe Ind. Est., 

Norwich, 

NR5 9 JA. 

Tel: Norwich 746340 

Telex: 975504 

COME TO 
SPILTH 

ELECTRONICS 
FOR ALL 
YOUR 

CB NEEDS 
ANTENNAS,  COAX 
CONNECTORS  MIKES 
SWR METERS  BOOKS 
40 & 80 CH RECEIVERS 

SPILTH 
ELECTRONICS 
3D Barley Market Street 
Tavistock, Devon 
Phone 0822 5865 
Telex 45236 

www.americanra iohistorv.Coni 
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Gffide to 
Broadcasting 
Stations 
18th Edition 

Around the world some thousands of radio 
stations are sending signals. If you're 
receiving, this standard guide will tell you 
who's where. It lists stations broadcasting in 
the long, medium, short wave and vhf bands, 
dealing with them by frequency, geographical 
location and alphabetical order. Sections are 
helpfully cross referenced. The Wireless World 
Guide to Broadcasting Stations is the 
eighteenth edition of a publication which has 
sold over 270,000 copies. In addition to the 
stations data, it includes much useful 
information on aerials, propagation, signal 
identifications and reception reports. 

£3.25 ine-postage. 

»ma fmula we=  eeies  itto' =es emdia Itate 

To. General Sales Dept., Room 205 
Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 

Please send me  • copy/ies of the Wireless World Guide 
to Broadcasting Stations (18th edition) @ £3.25 a copy inclusive, (U.K.), 
$8 overseas, remittance enclosed. Cheque/P.O. payable to 
IPC Business Press Ltd. 

Registered in England No. 677128 
Registered Office: Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 

U.K. RETURN OF POST MAIL ORDER SERVICE 
BSR DE LUXE AUTOCHANGER 1  

Plays 12", 10" or 7" records, 
Auto or Manual. A high quality 
unit backed by BSR reliability. Ilt   
Stereo Ceramic Cartridge. AC .te 
200/250V. Size 13 1/2 -11 1/4 in.  • iii........e' 
3 speeds. Above motor board 
3%in. Below motor board 21/2 in.  . i 
with Ceramic Stereo cartridge. 

-Ready cut Mounting 
£ 2 0 Post £2  Board £1 
.  . 

HEAVY METAL PLINTHS 
Cut out for most BSR or Garrard decks.  Post £2 
Silver grey finish with tinted plastic cover. 
Size 16 x 14 x.6in.  £1 0. 5 0 

PIONEER and J.V.C. TEAK VENEERED PLINTH 

19 x 141/2 in. with Plastic Cover  £10.50 
Post £2 

TINTED PLASTIC COVERS 
Sizes: 14 1/2 X 12 1/2 X 3in. £4. 
18 >ic 13 1/4 x 4in. £6. 
17 1/4 X 91/2 x 31/2 in. £3. 18 X 12 1/2 x 3in. £6. 
'  Post £1,50 

BSR SINGLE PLAYER DECKS. - 
BSR P200 2 speeds flared 
aluminium turntable "S" shape 
arm, cueing device, 

Less ccaartrtrriiddggee   £30  
Belt drive  Post £2 .: - -• . . 

Ready cut mounting board. 
Only £1 extra. 

BSR P172 RI M DRIVE QUALITY DECK 
Manual o. automatic play. Three speeds. 
Precision ultra slim arm. 
Cueing device. Bargain price  £20 Post £2 
With stereo ceramic cartridge 
BSR P207 BUDGET SINGLE PLAYER ideal for disco or 
small two-speed Hi-Fi system with stereo cartridge and 
cueing device. 

£1 7 Post £2 
GARRARD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and 
Diamond Stylus, 3-speeds. Manual and Auto Stop/Stan. 
Large Metal Turntable. Cueing Device and Pause Control. 
Ready cut mounting board £1 extra. 

£22 Post £2 

ELAC HI-FI SPEAKER  - 
ELA.C. 

10in. TWIN CONE 
Large ceramic magnet. 50-16.000 c/s. 
bass resonance 40 c/s. 
8 ohm impedance.  .... ...._ 
10 watts. RMS.  £/ .WO Post 99p 

POTENTIOMETERS Carbon Track 
5V(2 to 2A/10. LOG or LIN. LIS 50p. DP 90p. Stereo L/S £1.10. 
DP £1.30. Edge Pot 5K, SP45p. Sliders Mono 65p. Stereo 85p. 

EMI 131/2 x 8in. LOUDSPEAKERS 
With tweeter and 
crossover. 10 watt. 
3 or 8 ohm. 

£9.95 
Post 99p 

Bass woofer, EMI 
15 ohm. 20 watt. 

SUITABLE BOOKSHELF CABINET £10.50. Post £2 50 

With tweeter and crossover. 
8 ohm. 15 watts, 

£10.95 
Post 99p 

£10.95 Post 99p 

THE "INSTANT" BULK TAPE ERASER 
Suitable for cassettes, and all sizes of tape 
reels. AC mains 200/250V. Hand held size 
with switch and lead. 

Will also demagnetise small tools 
Head Demagnetiser only £5 

£8 
Post 95p 

RELAYS. 12V DC £1.25p. 6V DC 85p. 
BLANK ALU MINIUM CHASSIS. 6 x 4- £1 .20; 8 x 
6-£1.50; 10 x 7-£1.90; 12 x 8-£2.20; 14 x 9-£2.50; 
16x 6-£2.40; 16 x 10-£2.70. 
ANGLE ALI. 6 x 1/4  x 'Ain-25p. 
ALUMINIUM PANELS. 6 x 4-24p; 8 o 6-38p; 
14 x 3-40p;  x 7-54p; 12 x 8-70p; 12 x 5-4411; 
1606-70p; 14 x 9-94p; 12012-51; 16010-£1.18. 
PLASTIC AND ALI BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 x4 x 11/2 £1. 402 x 2 £1.3 x 2 x 1 
80p.6 x4x 2 £1.30.7 x x 21/2 £1.45. 8 x 6 x 3 £2.20. 10x 
7 x 3 £2.50. 12 x 5 x 3 £2.30. 12 x 8 x 3 £3. 
BRIDGE RECTIFIER 200V PIV 4 amp £1.50. 8 amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p. 
RESISTORS. 100 to 10M. 1/4 W, 1/2 W, 1W, 1p: 2W 10p. 
HIGH STABILITY. 4w 2% 10 ohms to 1 meg. Sp. 
Ditto 5%. Preferred values, 10 ohms to 10 meg, p. 
PICK-UP CARTRIDGES SONATONE 9TAHC Ç2.50. 
BSR Stereo Ceramic SC7 Medium £2. SC8 High 2. 
PHILIPS PLUG-IN HEAD. AU 1020 (G306 -GP3 
- AG3306 - AG3310) £2. 
LOCKT1TE SEALING KIT DECCA 118 . Complete £1. 
SOLDERING IRON 240V 40W £2.75. 
VALVE OUTPUT Transformers (small) 90p.   

CAR SPEAKERS on Baffles 7 X 41/2 X 11/2 in. deep, 4 ohms. 
Twin Units Bass and Treble 10 watts, RMS, Door Mounting, 
Stereo pair £14.   

IN-CAR GRAPHIC EQUALISER. Power Booster. 
Stereo 20 watts RMS per channel, 5 sliders Graphic 
Equalisation 51/2  wide x 71/2  deep x 2 in. high. 12 volt 
D.C. suitable for Car Radio or Cassette £30. 

.£6.50 

MINI-MULTI TESTER 
Deluxe pocket size precision moving 
coil instrument, jewelled bearings - 
2000 o.p.v. Battery included. 
11 instant ranges measure: 
DC volts 10, 50, 250, 1000. 
AC volts 10, 50, 250, 1000. 
DC amps 0-100mA. 
Continuity and resistance 0-1 meg 
ohms in two ranges. 
Complete with Test Prods and 
instruction book showing how . 
to measure capacity and inductance. 

19 

Post 65p 
op-  -  - 

PANEL METERS £4 each 
50p.a 10Opa 50 4a, , 
1ma, 5ma, 50ma, 1/4 , 

25 volt, 50 volt, VU Meter.  
Facia 23/8 X 13/4  X 11/2 in. ID•xo 

Fixing hole 11/2 in. dia. 
Lighting kit 6 or 12v 90p extra. 
1ma (240° scale) 21/4 in. sq. £5 Post 65 P 
RCS SOU N D TO LI G HT CO NTR OL KIT 
Kit of parts to build a 3 channel sound to light unit  £18 
1,000 watts per channel. Suitable for home or disco. 
Easy to build. Full instructions supplied. Cabinet  Post 65p 
£4.50 extra. Will operate from 200MV to 100 watt signal. 
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco 
Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post 65p. 

" MI NOR" 10 w att A MPLIFIER KIT £1 4 
This kit is suitable for record players, guitars, tape playback, 
electronic instruments or small PA systems. Two versions 
available: Mono, £14; Stereo, £20. Post 65p. Specification 10 W 
per channel; input 100mV; size 91/2 x 3 x 2in. approx. SAE details. 
Full instructions supplied. AC mains powered: 
Input can be modified to suit guitar. 

RCS STEREO PRE-AMP KiT. All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel, with volume 
control and PC Board  £2.95 
Can be ganged to make multi-way stereo mixers  Post 65p 

M AI NS TR ANSFOR MERS  Post 
250-0-250V 70mA, 6.5V, 2A    £4.50 £2.00 
250-0-250V 80mA, 6.3V 3.5A. 6.3V lA    £5.00 £2.00 
350-0-350V 250mA, 6.3V 4A, 4A Cl'. 5V 2A   £12.150 £2.50 
300-0.300V 120mA. 2x 6.3V 2A C.T., 5V 2A   £10.00 £2.50 
220V 45mA, 6.3V 2A .......... .......... ..  . U.50 ELQQ 
GENERAL PURPOSE LO W VOLTAGE 
Tapped outputs available 
2 amp. 3, 4, 5, 6, 8, 9, to. 12. 15, 18, 25 and 30V   f6.00 £2.00 
1 amp. 6, 8, 10, 12, 16, 18, 20. 24, 30, 36, 40, 48, 60    £6.00 £2.00 
2 amp. 6. 8, 10, 12, 16, 18, 20, 24, 30. 36, 40, 48. 60    £9.50 £2.00 
3 amp. 6, 8, 10, 12, 16, 18. 20, 24, 30, 36, 40, 48, 60  £12.50 f2.50 
5 amp. 6, 8, 10, 12, 16, 18, 20. 24, 30. 36. 40, 48. 60  £16.00 £2.50 
12V, 100mA   £.1.30 85,,  20V, 40V, 60V, la  £4.00 £2 
12V, 750mA   £2.00 90,  12V. 3e   £3.50 £1 
10-0-10V 2a    £3.00 £'1  10V, 30V, 40V. 2e .. £3.50 El 
30V, 5e and 17V-0-1 7V,  2 of 28 volt la   £5.00 £2 
2e   £4.00 E2  20V, la   £.00 El 
0.5, 8, 10, 16V, 1/2e £2.50 80p  20V-0-20V, la   £3.50 El 
9V 3e   £3.60 El  9-0-9 volt 50ma .,.. £1.50 80p 
25-0.25V 2e    E4,50 El  2 of 18V, 6e  ... £11.00 £2.50 
. 30V, 11/2a £3 2a.  £3.50 £1  12-0-12V, 2a   £3.50 £1 
6V 1/2a  £2.00 £1  9V, 1/4.   £1.50 80p 
15-0-15V, 2a    £3,75 xi  32-0-32V, 6Vta  . £11.00 f2.50 

500W   £12 £2.50 
AUTO TRANSFORMERS. 115V to 40V 150W-fit Post £2. 

CHARGER 
RECTIFIERS 

TRANSFORMERS  6-12 volt 2a  E1.10 80p 
6-12 volt 3e  £4.°° (26-12 volt 4e  £6.60 12    6-12 volt 4a  £2.00 80p 

OPUS COMPACT 
SPEAKERS 
FLUTED WOOD FRONTS 
TEAK VENEERED CABINET 
11 >:81/2 x 7in 
50 to 14,000 cps. 15 watts 8 ohm 

£20 pair Post £2 
LO W VOLTAGE ELECTROLYTICS  ALL 10p 
1 mfd, 2 mfd, 4 mfd, 8 mfd, 10 mfd, 16 mfd, 25 mfd, 30 mfd, 50 
mfd, 100 mfd, 250 mfd. All 15 opts. 22 mfd/ 6v / 10v; 25 
mfd/6v/10v; 47 mfd/ 10v; 50 mfd/6v; 68 mfd/ 6v/ 10v/ 
160/25v; 100 mfd/10v; 150 mfd/6v/10v; 200 mfd/10v/ 
16v; 220 mfd/4v/10v/ 16s, 330 mfd/4v/ 10v; 500 mfd/ 6v; 
680 mfd/6v/10v/ 16v; 1000 mfd/ 2.5v/4v/ 10v; 1500 
mfd/ 6v / 10v / 16v; 2200 mfd /6v/10v; 3300 mfd / 6v; 
4700 mfd /4v. ALL 10p. 
500mF 12V 15p; 25V 20p; 50V 30p. 
1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p. 
2000mF 6V 25p; 25V 42p; 40V 60p; 1200m F 76V 80p. 
250OrnF 50V 70p; 3000mF 50V 65p; 2000mF 100V £1. 
4500mF 64V £2. 4700mF 63V £1.20. 2700mF/ 76V £1. 

; HIGH VOLTAGE ELECTROLYTICS 

8/450V  45p 8+8/450V  .75p  32+32+16/350V 
16/350V  45p 8+16/450V  75p  90p 
32.500V  75p 20+20/450V  75p  100+100/275V 65p 
..0/ 500V £1.20 32+32/350V  50p  150+200/275V 70p 
4/800V  £1.20 32+32/500 £1.80  220/450V  95p 
32/350V  50p 50+50/300V  50p• 80+40/500V  £2 

TRIMMERS 10pF, 30pF, SOpF, 5p. 100pF, 150pF, 15p. 
CERAMIC, 1pF to 0.01mF, 5p. Polystyrene 2 to 5000pF, 5p. 

-GP2 3 3  PAPER 350V-0.1 7p; 0.5 13p; lmF 150V 20p; 2mF 150V 
20p; 500V-0.001 to 0.05 12p; 0.1 15p; 0.25 25p; 0.47 35p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB-MIN MICRO SWITCH, 25p. Single pole change over. 
TWIN GANG, 120pF 50p: 500pF £1. 
GEARED TWIN GANGS 25pF 95p. 365pF £1. 
GEARED 365 + 365 + 25 + 25pF £1. 
TRANSISTOR TWIN GANG. Japanese Replacement 50p. 
NEON PANEL INDICATORS 250V 30p. 
ILLUMINATED ROCKER SWITCH. Single pole. Red 65p. 
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p 
CASSETTE MOTOR. 6 volt £1 
CASSETTE MECHANISM. 12v Stereo Playback only £5 
U.H.F. COAXIAL CABLE SUPER LO W LOSS. 25p yd. 
COAX PLUGS 20p. COAX SOCKETS 20p. 

RADIO COMPONENT SPECIALISTS 

BAKER LOUDSPEAKERS 
"SALE PRICES" 
MODEL 
MAJOR 
DELUXE MK II 
SUPERB 
AUDITORIUM 
AUDITORIUM 
GROUP 45 
GROUP 75 
GROUP 100 
GROUP 100 
DISCO 100 
DISCO 108 

INCHES 
12 
12 
12 
12 
15 
12 
12 
12 
15 
12 
15 

OHMS 
4-8-16 
8-16 
8-16 
8-16 
8-16 

44-16 
4-8-16 
8-16 
8-16 
8-16 
8-16 

WATTS 
38 
15 
30 
ss 
so 
45 
75 
106 
100 
100 
100 

Post £2 ea. 
TYPE PRICE 
HI-FI  £12 
HI-FI  £12 
HI-FI 
HI-FI 
HI-FI 
PA 
PA 
PA 
PA 
DISCO 
DISCO 

£20 
£20 
£34 
£12 
£20 
£20 
£28 
£20 
£28 

BAKER 
50 WATT 
AMPLIFIER 
£69 past £2 
Ideal for Halls/PA systems, Discos  an d Grou ps. Two  inputs.  M ixer,  
Volume Controls, Master Bass. Treble an d Gain Contro ls. 50 watts  
r. me. Three loudspeaker outlets 4, 8, 16 ohms. 

BAKER 150 W ATT MIXER/PO WER 
AMPLIFIER 
Professional 4 inputs with 
volume controls. Will mix 
mics, decks, musical 
instruments, etc.  £89 
Slave version available £75 
100 Volt Line £14 extra. Post £2. 

baker-

0  £  • 

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" 
MAKE 
SEAS 
GOODMANS 
AUDAX 
SEAS 
SEAS 
SEAS 
GOODMANS 
GOODMANS 
GOODMANS 
GOODMANS 
SEAS 
RIGONOA 
GOODMANS 
GOODMANS 
GOODMANS 
GOODMANS 
GOODRUINS 

MODEL  SIZE 
TWEETER  4in 
TWEETER  3i/,in 

3Kin 
MID-RANGE 4in 
MID-RANGE 5m 80 
MID-RANGE 41/2111  100 
FULL-RANGE  5'/,ln  15 
FULL-RANGE  Bin  30 
AUDIOM 8p  Bin  15 
AXIOM  Bin 15 
WOOFER Sin 30 
GENERAL 12in 60 
AUDIOM PG  12in  60 
PP12 12in  75 
AUDIOM P  12in  50 
6R12  12in  60 
AUDIOM P  15in  50 

WATTS 
50 
25 
60 
50 

15 
15 

/15 
/15 
/15 
15 

Post £2 ea 

HMS PRICE 
£7.50 
£4.00 
£10.50 
£7.50 
£10.50 
£12.50 
£6.50 
£9.50 
£8.50 
£8.00 
£14.00 
£6.50 
E20.00 
£24.50 
£20.00 
£27.50 
£25.00 

BATTERY ELIMINATOR MAINS to 9 VOLT D.C. 

Stabilised output, 9 volt 400 ma. U.K. made in plastic 
case with screw terminals. Safety overload cut out . Size  
5 x 31/a x 21/2 in. Transformer Rectifier Unit, Suitable 
Radios, Cassettes, models, £4.50. Post 65p   

DELUXE SWITCHED VOLTAGES 
MODEL STABILISED 

3-6-7 1/2 -9 volt 400ma DC max. Universal output plug and lea d. 
Pilot light, mains switch, polarity. switch £7.50. Post 65p. 

TEAK VENEERED HI-FI SPEAKER CABINETS 
For 13x8in. or 8in. speaker  £10.50 Post £1.50 
For 61/2 in. speaker and tweeter  £9.50 Post £1.50 
Many other cabinets in stock. Phone your requirements. 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 18in wide 25p ft.  

CROSSOVERS. TWO- WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3-way 950 cps/ 3000 cps, £2.20. 
LOUDSPEAKER BARGAINS 
3 ohm, 4m, 5in, 7x4in, £1.50; 61/2 in, 8x5in, £3; Bis, £3.50. 
8 ohm, 21/4 in, 3m, 5m, £1.50; 61/2 in, £3; Bin, £4.50; 12ir, £6. 
15 ohm, 31/2 in, 5x3in, 6x4in, £1.50. 
25 ohm, 3m, 5x3in, 7x4in, 51.50. 
120 ohm, 31/4 in dia. £1.50. 
MOTOROLA PIEZO ELECTRIC HORN TWEETER  £6.50 
Handles up to 100 watts. No crossover required. 4 or 8 or 16 
'ohm. 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job. Size 61/4 x 43/4 x 2in,  £1.50 

ECHO CHAMBER 
Good quality unit with endless 
play tape cartridge. Stationary 
play heads ensure good repro-
duction and echo variance  is 
achieved  by  changing  tape 
speed. Input imp: 50k and 600 
ohms. Power: 240 volts A.C. 

£68. Post £2  Spare tape £5. 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
61/2 " x2" x 21/4 " 65p. 
JACK PLUGS Mono Plastic 25p; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; M etal 35p. 
JACK SOCKETS. Mono Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Close d 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mrn and 3.5mm JACK SOCKETS 15p. 
2.5mm and 3.5mm JACK PLUGS 15p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin, 5-pin 25p.  
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS end SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phone Plugs ea. 15p. 
TV CONVERGENCE POTS 15p eirch 
Values = 10. 20, 50, 100, 200, 250, 470, 2000 ohms  

DRILL SPEED CONTROLLER /LIGHT DI M MER KIT. Easy 
to build kit. Controls up to 480 watts AC mains £3. Post 65p., 
DE LUXE MODEL READY Bowl- 800 watts plus Photo 
Electric Sunset "On" feature. Front plate tits standard box £4: 

337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day W ed. Open Sat. 9-5. 

Radio Books and Components Lists 20p. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Please Tel:01-6 84 1 6 6 5 for same day despatch. Cash prices include VAT. 

'nradibhistórv.coi 



E 
NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal poise 
15.5dB 200/250v. AC. £80.50. 
119-3-HEASSET. Low imp. £5.35 + 75p post. 

r MUIRHEAD DECADE OSCILLATOR TYPE 890D, £92 + carr. £5. 
"  ▪  SIEMENS POWER METER REL3U/84/Alb: 0-12kmHz lmw 500mw 6 ranges. 0.17dB 
.1 50 ohms, £92 + carr. 
▪  CV.1596 CATHODE RAY TUBE: (09D, 09G), 4in. screen, green electrostatic base 
su-  B1213. HT1200 volts, heater 4 volts, £11.50. 
▪  VACUUM AND PRESSURE DEAL TEST EQUIPMENT: complete with 2 x 4M. 
▪  gauges indicating 0.201b. psi. 0.301b. vacuum, With stand, hand pump, etc., £34.50 + carr. 
im TELEPRINTER MODEL 75, available with perforator attachment, £74.75 + £10 car-
: nage. 

go DIGITAL CLOCKS MODEL 304 with automatic recorder. Printout system model 301. 
La £86.25 + £10 carriage. 
I.-  SPERRY TRANSISTORISED SERVO-AMPLIFIERS TYPE Cl with circuit diagram, 
e £11.50 + £1.50 post. 
•  X-Y PLOTTER., £74.75 + £7 carriage. 

TELEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply. Speed 50 bauds per 
min. S/hand, good cond. (no parts broken), £28.75. OR G.P.O. MODEL, as above except 
motor, 110/230v. a.c., £34.50. Carriage either type £9.50. Send S.A.E. for list of 
Teleprinter spares available. 
TS.I47 RADAR TEST SET Combination Sig. generator and frequency meter and 
power meter. Provides C. W. and F.M. signals, 115v. a.c., £225. Carr. £7. 
HEWLETT PACKARD Signal Generator HP608B. Freq. 10-44)0MHz C.W. and A.M. 
Output 1 microvolt to 8v,50. Mod. 400-1000Hz. 230v. a.c., £225. Carr. £10. 
TRANSISTORISED 3cm. RADAR AMPLIFIER SWITCH: with 24v. waveguide 
switch, 9 x 4cm ins, with crystal CV.2355 and spark gap VX 1046, £17.95 + £1 post. 
INSULATION TEST SET 0 to 10KV, negative earth, with Ionisation Amplifier, • 
100/230 volts a.c., £48.87 + carr. 
BC-22I FREQUENCY METER: 125-20,000kc/s, comp lete  with or igina l ca librat ion  
charts,_£24.15 + care. 
ROTARY INVERTER TYPE: PE218E: Input  24-28v DC, 80  amps,  4,800r.p.m.  Output 
Ilv AC, 13 amp 400 c/s. 1Ph.P.F.9. £231-carr. 
RESONATOR PERFORMANCE CTC 424 8.5 to 9.0 kinc/s 3 cm, £80.50 + post £2. 
INVERTER 24v. DC input 400 cycles 1pH 6600 r.p.m. 200v, peak, £8.05 + £2 post. 
OXYGEN BOTTLE 180016 w p £11.50 x carr  • 

BARGAIN MAPS  • 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

Including: 

'ONC-E1 - U.K. in full arid part N W. Europe. Scale 1:1,000,000. 
JNC-9N - N. Europe, U.K., Scandinavia. Scale 1:2,000,000. 
JN-2IN - Europe (Mediterranean). Scale 1:2,000,000. 
SIZE 58" x 42". colour. Many others. Please send S A.E. for list. 
Price each 75p (inc. P&P) 
25 x Maps (either same type OR assorted), £10 + £1.60 P&P. 
10 X Maps (either same type OR assorted), £6.50 (in. P&P). 

All prices include VAT at 15% 
Carriage guoles given are for 50-mile radius of Herts. 

W. MILLS 
The Maltings, Station Road 
SAWBRIDGEWORTH, Herts. 
Tel: Bishop's Stortford (0279) 725872 

All Types Receiving, Transmitting, Industrial 

PL504 - PL802 - PCL805 - CV131 - CV136 - 
CV138 - CV329 - CV345 - CV450 - 805 - 

8017 - 813 - 2K25, Etc. 

Phone/write to: 
PYPE HAYES RADIO LTD. 
606 Kingsbury Road 
Birmingham B24 9PJ 
021-373 4942 

LOW VOLTAGE 
POWER DRILLS 

AND ACCESSORIES 

Illustration shows Titan Drill and Stand 
(Price £27 inc. VAT and Postage) which 
is One of the combinations which can he 
purchased from our comprehensive range 
of Drills and Accessories. 
Prices from £8.34 (Reliant Drill only) inc. 
VAT and Postage. 

Send 25p for Catalogue. 

PFERA W ORKS, RED MARLEY 
GLOUCESTER GLIB 3JU 

Barclaycard, Access Welcome 
Tel. Bromesberrow (053 181) 273 
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FOR WIRELESS WORLD PROJECTS 
U.h.f. television tuner-Oct. 1975-1 d.s. 
Stripline r.f. power amp-Sept . 1975-1 d  s  £8.50 

Audio compressor/limiter-Dec. 1975-1 s.s.  (stereo )    ££45.M250 
F.m. tuner (advanced)-April 1976 -1 s.s.    £5.00 
Cassette recorder-May 1976-1 s.s.    

££45."0205 
Audio compander-July 1976 -1 s.s.    

Time code clock-August 1976 -2 s.s. 3 d.s.  '   £15.00 
Date, alarm, but. switch-June 1977 -2 d.s. VS.s.    
Audio preamplifier-November 1976 -2 s.s.  ' ££89..5500 
Additional circuits-October 1977 -1 s.s.    £4.00 
Stereo coder-April 1977-1 d.s 2 s.s.    £8.50 
Morse keyboard and memory-January 1977 -2 d.s. 
(logic board 101/4in. x 5in.) (keyboard and matrix 13in. x 10ip.)  £14.00 

Low distortion disc amplifier (stereo)-September 1977 -1 s.s.  £2.00 
Low distortion audio oscillator-September 1977 -1 s  s   £3.50 
Synthesized f.m. transceiver-November 1977 -2 d.s. 1 s.s.  . . . £12.00 
Morsemaker-June 1978-1 d.s.    £4.50 
Metal detector-July 1978-1 d  s  \ \   £3.75 
Oscilloscope waveform store -October 1978-4 d.s.  ''   
Regulator for car alterna tor -August  1978-1  S.S.  £18.00 

  £2.00 ' 
Widébarrd noise reducer-November 1978-1 d  s    £5.00 
Versatile noise generator-January  1979-1  S.S.    £5.00 
200MHz frequency meter-January 1979 -1 d.s. 
High performance preamplifier -February  19 79-1  S.S.   ££57..0500 
Distortion meter and oscillator-July 1979-2 s.s. 
Moving coil preamplifier -August  1979 -1  s.s.    £5.50 

  £3.50 
Multi-mode transceiver-October 1979-10 d.s.    
Amplification system -Octoberil 979-3 preamp  1 poweramp   £35.00 

Digital capacitance meter-April 1980-2 s.s    (£4.20 each) £16.00 

Colour graphics system -April 1980-1 d.s.  

££11£087.:555000 
Audio spectrum analyser-M ay 1980-3 s  s   
Multi-section equalizer-June 1980-2 s.s.    £8.00 

Floating-bridge power arriP- Oét. 1980 L 1 s.s. (12V or 40V) ..,_  moo. . két.cio 
 • ginocomp -Jan. 1981 - 1 d.s. 1 s.s. 

Logic probe - Feb. 1981 - 2 d.s.  ..  £6.00 

Boards are glassfibre, roller-tinned and drilled. Prices include 
V.A.T. and U.K. postage. 
Airmail add 20%, Europe add 10%, Insurance 10d/o. 
"Remittance with order to: 

M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2  

. mr‘v - 040 FOR FURTHER DETAILS 

Digitel 
Video Noise Measurement System 

The Digital 04000 Noise Measurement System offers an accurate 
and economical méthod of measuring video signal to noise ratio on 
broadcast or industrial TV systems. 

Accurate to - 1 .5dIls from 20dBs to 60dBs 

• Measures signal to noise ratio down to 65dBs SNR 

• Field interval SNR measurements are possible with the 
D4060 option 01 

• SNR measurement is possible in the presence of sync pulses, some 
test signals or free running 

• Visual display on oscilloscope ensures measurement confidence 

• Full CCIR weighting filter sets are available 

20 Trenches Road 

DIGI-TEL ELECTRONICS Crowborough, Sussex 
Tel: Crowborough 5069 

W W - 075 FOR FURTHER DETAILS 

WIRELESS W ORLD APRIL 1981 

RIVATE TELEPHONE EQUIP 

DATA COMMUNICATIONS 

Complete, detach and post to: 

Terry Brandon, Sales Manager 
Industrial and Trade Fairs Limited 
Radcliffe House, Blenheim Court 
Solihull, West Midlands B91 2BG 
England 

Tel: 021-705 6707 Telex: 337073 

Communications 82 is organised by 
Industrial and Trade Fairs Limited for 
Tony Davies Communications 

109 

Communications 

aNational Exhibition Centre 
Birmingham, England 
20-23 April 1982 

Your Opportunity 
to Sell 
Communications 
Equipment 
and Systems 

Communications 82 will be the sixth in a biennial series of 
expositions - now recognised as the World's leading 
international events for selling communications 
equipment and systems. It comprises a major international 
exhibition and integral conference plus a programme of 
social events with guest speakers of international stature. 

Communications 82 will be a total communications 
exposition, covering all systems, equipment and 
components used in communications, including 
transmission, switching and terminal equipment as well as 
associated products and services for recording, testing 
and maintenance. 

Communications 82 will be total also in user appeal, 
spanning the boundaries between civil and military, public 
and private, industry and commerce, fixed and mobile, in 
the same way as do the technologies involved. 

Communications 82, therefore, offers a unique 
opportunity for you to sell your products to potential 
customers from all over the world - at Communications 80 
there were well over 16,000 visitors from 70 countries. 

If you manufacture or sell communications 
equipment and systems nationally or 
internationally, you cannot afford not to 
participate in Communications 82 - the total 
communications exposition. 

r I am interested in exhibiting at Communications 82.1  
I Please send me the full Data Pack. 

Le 

Name   

Position 

Company 

Address 

Tel-   Telex: 
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.TTI b9 11X48 
7400  lip 
74500  804 
7401  124 
7402  12p 
7403  14p 
7404  14p 
7405  184 
7406  364 
7407  369 
7408  17p 
7409  194 
7410  154 
7411  249 
7412  20p 
7413  30p 
7414  404 
74C14  949 
7416  27p 
7417  27p 
7420  17p 
7421  404 
7422  22p 
7423  349 
7425  30p 
7426  404 
7427  344. 
7428  Zap 
7430  174 
7432  30P 
7433  904 
7437  354 
7438  35p 
7440  17p 
7441  70p 
7442A  804 
7443  1129 
7444  112p 
7445  1004 
74464  834 
7447A  754 
7448  80p 
7450  17p 
7451  17p 
7453  17p 
7454  17p 
7460  17p 
7470  364 
7472  304 
7473  34p 
7474  304 
7475  359 
7476  324 
7480  50 P 
7481  100p 
7482  894 
74834  804 
7484  1004 
7485  110p 
7486  344 
7489  2104 
74900.  304 
7491  80p 
74924  46p 
7493.5  364 
7494  849 
74954  70p 
7496  854 
7497  1804 
74100  1304 
74107  34p 
74109  55p 
74116  200p 
74118  1304 
74119  2104 
74120  1104 
74121  344 
74122  48p 
74123  949 
74125  754 
74126  60p 
74128  75p 
74132  75 P 
74136  75p 
74137  949 
741 41  549 
74142  2004 
74145  804 
74147  19 49 
74148  150p 
74150  1304 
741 51A  749 
74153  70p 
74154  12 49 
741 55  804 
74156  949 
74157  70p 
741 59  19 49 
/4160  100p 
74161  100p 
74162  1004 
74163  100p 
74164  120p 
74165  13 49 
74166  1204 
74167  2004 
74170  2904 
74172  450p 
7417 3  1204 
74174  904 
74175  85p 
74176  509 
74177  90p 
74178  1604 
74180  93p 
74181  1604 
74182  90p 
741844  1504 
74185  15 49 
74186  500p 
74182  3254 
74190  IN* 
74191  1204 
74192  100p 
74193  1009 
74194  134, 
74195  954 
74196  @Sp 
74197  849 
741 98  1549 
74199  1504 
74221  1804 
74251  14 49 
74259  2504 
74278  2904 
74279  1109 
74283  1409 
74284  3609 
74285  3604 
74290  1509 
74293  150p 

74296 
74365 
74366 
74367 
74368 
74390 
74393 
74490 

2004 
1004 
1004 
100p 
10 49 
2004 
200p 
2254 

741.0 SERIES 
741500  144 
741502  1(19 
741_503  18p 
741904  169 
741505  249 
741808  249 
741509  21p 
741510  249 
741.911  404 
741513  4174 
741.514  50p 
741.520  334 
741521  449 
741827  3213 
741530  204 
741932  27p 
741537  30p 
741538  389 
741942  704 
741947  75p 
741551  744 
741955  304 
741573  504 
741574  27p 
741575  38p 
74(.576  499 
741983  749 
744985  804 
741_586  40p 
741.590  409 
741992  70p 
741993  1304 
741996  11 49 
7415107  459 
7418109  804 
7419112  404 
7415113  804 
7415114  459 
7413122  804 
7415123  604 
7415124 1804 
7415125  504 
741.5126  1504 
7418132  80p 
741_9133  304 
7415136  55p 
7418138  854 
7415139  754 
7418145 1204 
7415147 2204 
7418148 1754 
7418151  80p 
74151 53  SOP 
7418154 20 49 
7415155  804 
7415156  804 
7415157  80p 
7419158  Alp 
7415160  904 
741_9161  754 
7418162 1404 
741_9163 100p 
7419164  90p 
7415165 1904 
7419166 180p 
7415173 11 49 
741_5174 1004 
7419175 1004 
741.5181  32 49 
7415190 100p 
7418191  1004 
7415192 100p 
741_5193 10 49 
7415195 1404 
7415196 1204 
7415197  80p 
7415221  120p 
741.9240 1754 
7415241  1759 
7415242 170p 
7415243 17 49 
7415244 1504 
7415245 15134 
7418247 1404 
7415251  1404 
7418253  804 
744.8257  1704 
7415258 1804 
7418259 1604 
7415266 1001, 
7418273 1704 
7415279  90P 
7419283  50p 
7415298 160p 
741.9323 400p 
7415324 2004 
7418348 2004 
7415365  449 
7415367  xop 
7415368 100p 
7419373 15 49 
7415374 1504 
7415375 1204 
7418377 1804 
741-937B 140p 
7445390 1204 
7415393 1204 
7415399 2004 
7418445 1404 
7415670 40 49 

4000 SERIES 
4000  15p 
4001  22 4 
4002  204 
4006  95p 
4007  249 
4008  80p 
4009  40p 
4010  504 
4011  249 
4012  254 
4013  sop 
4014  849 
4015  84p 
4016  459 
40'17  70p 
4018  8134 
4019  454 
4020  1004 

4021  110p 
4022  10 4, 
4023  229 
4024  504 
4025  204 
4026  130p 
4027  50p 
40213  84p 
4029  100p 
4030  649 
4031  20 49 
4034  20 49 
4 035  110p 
4036  295p 
4039  20 59 
4040  1004 
4041  80p 
4042  804 
4043  804 
4044  904 
4046  110p 
4047  1004 
1048  Up 
4049  45p 
4050  45p 
4051  80p 
4 052  80p 
4053  80p 
4054  150p 
4055  1254 
4056  1359 
4059  800p 
4060 - 1159 
4063  1204 
4066  50p 
4067  460p 
4068  27p 
4069  209 
4070  30p 
4071  25 P 
4072  254 
4073  25p 
4075  25p 
4076  107p 
4081  27p 
4082  27p 
4086  72p 
4089  15 49 
4093  70 4 
4094  2504 
4095  95 P 
4096  95p 
4097  340p 
4098  1204 
4099  2004 
40100  2204 
40101  132p 
40102  1804 
40103  1804 
40104  984 
40105  120p 
40106  904 
40107  flOp 
401013  4704 
40109  1004 
40110  300p 
40114  2504 
4502  120p 
4503  70p 
4507  S54 
4508  2904 
4510  5614 

12 49 
804 
2504 
3004 
1104 

4518  1004 
4520  1004 
4521  2504 
4526  10 49 
4527  1804 
4528  1004 
4532  140p 
4534  5504 
4536  3759 
4538  1204 
4543  leap 
4553  320p 
4556  724 
4560  20 49 
4569  2504 
4572  404 
4583  11 49 
4584  804 
4585  1504 
4724  2504 
40097  80p 
14411  11004 
'14412  1100p 
14433  110 49 
1  7004 
11599  2904 

212 

211 
4516 

INTERFACE 1C.. 
AD536A  £13 
AD561J 14009 
.407524  6004 
DM8123  175p 
DM8131  3754 
DP8304  4504 
088835  2504 
058836  1504 
DS8838  225p 
MC1488  75e, 
MC14B9  75p 
MC3446  3004 
MC3480 8504 
25510  350p 
75107  160p 
75110  3254 
75150  175p 
75154  1764 
75182  270p 
75324  375p 
75361  3004 
75363  4004 
75365  200p 
75451./2  749 
75491/2  709 
8T26  180p 
8T28  2501, 
8195  150p 
8797  1504 
811695  1204 
811596  140p 
811897  124, 
811998  14 49 
9602 ,  220P 

93 SERIES 
9301  1 804 
9302  1759 
9308  31154 
9310  2714 
9311  2754 
9312  160p 
9314  165p 
9316  2259 
9321  225 1, 
9322  1504 
9334  3604 
9368  250p 
9370  30 49 
9374  2004 

748 SERIES 
74500  OOP 
74904  60 P 
74905  754 
74508  754 
74510  804 
74520  we 
74530  60P 
74532  90p 
74537  90p 
74564  80 4 
74874  804 
749E15 300P 
74586  19 49 
745112 12 49 

745114 
749124 
745132 
745133 
745138 
745139 
745157 

7721 U 
.745175 
745194 

;1E10 
745373 
74S374 

120p 
3004 
1604 
76p 
2 254 
225p 
2504 
3004 
2504 
32 49 
3504 
4504 
70p 
5004 
5004 

LINEAR ICE 
AY1.0212 
471-1313 
491.1320 
AY1-5050 
473-1270 
AY'343912 
4951224A 
AY5-1315 
A96-1317A 
A95-40070 
043019 
043046 
043048 
043 080E 
043086 
043089E 
04309040 
043130E 
CA3140E 
063160E 
CA31618 
043162E 
043189E 
CA3203 
DAC1408-8 
FX209 
HA1388 
ICLBO3B 
ICM7555 
1113331 
LF351 
LF356P 
LM10C 
LM3014 
LM311 
I.M318 
LM319 
LM324 
LM339 
LM3413 
LM358P 
UM377 
LM380 
1_51381AN 
194366 
LM393 
1.61709 
114710 
1M725 
LM733 
LM741 
LM747 
LM748 
LM2917 
LM3302 
LM3900 
LM3909 
LM3911 
1M3914 
LM3915 
LM3916 

1100p 
5684 
320p 
144, 
04 49 
65 4. 
24 49 
60 49 
7754 
5204 
804 
704 
2254 
729 
48p 
2254 
3759 
804 
504 
10 49 
1404 
4509 
3304 
160p 
2004 
7504 
21304 
3004 
804 
3104 
484 
954 
426p 
27p 
71/4 
21304 
2259 
454 
754 
854 
504 
1754 
754 
1804 
959 
10 4, 
389 
1504 
3509 
1004 
18p 
70p 
354 
2504 
1404 
70p 
704 
13 49 
2254 
2254 
2259 

I.M13600  1254 
M83712  1504 
MC1310P  1504 
MC1458  459 
MC14951.  3504 
MC1496  704 
MC3340P  1204 
MK50398  7504 
ML920  7754 
MM57160  6204 
NE531  1504 
NE555  20p 
8E556  704 
9856213  425p 
8E564  4204 
8E565  1304 
8E566  155p 
NE567  1404 
8E571  425p 
8E55344  2504 
804136  SOP 
55666  270 
84010244  12504 
SFF96364  11004 
51490  40134 
5476477  leap 
SP8515  750p 
147205  254. 
TAA621  2799 
TBA841B11  300p 
184651  2004 
164800  804 
184210  1004 
184820  90p 
1114950  3004 
104220  3504 
TCA940  1759 
1041004  300P 
1041 008  320p 
1041010  221 4 
TDA1022  570p 
MDA1024  12 49 
10410348  2504 
1041170  3004 
TDA2002V  325p 
TDA2020  3204 
71071/81  469 
11072/82  759 
71074  1301, 
71084  110p 
11_170  504 
UAA170  1719 
UDN6118  320p 
UDN6184  320p 
ULN2CO3  1004 
582206  3004 
28014  804 
28419C  2259 
28424E  1354 
28425E  4004 
ZN427E  7504 
281034  204, 

l'EURNE4SIORS 

AC126  25p 
AC127/8  204 
047175  25p 
AC187/13  25p 
AF116  549 
AD149  70p 
AD16I/2  45p 
AU107  20 4. 
80107/8  Ilp 
BC109  lip 
60117  20p 
8C147/8  84 
8C149  104 
BC157/B  10p 
80159  lip 
8016 60  12p 
60172  12p 
pC177/8  17p 
BC179  189 
BC182/3  10p 
BC184  Ilp 
BC187  34, 
BC212/3  Ilp 
BC214  149 
BC237  149 
0C327 lep 
60337  18p 
BC338  18P 
130461  38p 
80477/8  30p 
8C516/7  40p 
8C54713  18p 
805480  49 
005490  18p 
BC5578  164 
605590  18p 
8CY713  18p 
80771/2  22p 
80131/2  50p 
80135/6  549 
80139  554 
13014101  604 
80189  604 
80232  954 
14)233  7ell 
80235  859 
80241  749 
80242  704 
80756  2004 
8F200  32p 
8F2448  369 
13F25613  70p 
BF257/8  32p 
11259  36p 
BFR39  259 

13E840  25p 
8E841  254 
66 879  259 
6F1180  254 
BFR81  25p 
BFX29  404 
BFX30  340 
BFX84/ 5 44. 
BFX86/ 7  30p 
BFX8B  304 
BFW10  90p 
BP(50  30 4 
BP/51/2  304 
BP/56  339 
ISFY90  90p 
68439  454 
BSX19/20 204 
13U104  2254 
BU105  1904 
BUl 08  2509 
BU 109  2254 
BU126  1504 
BUl BOA  1204 
BU205 • 20 4, 
BU2O8  200p 
1311406  14 59 
E300  50 P 
E306  ISOP 
£310  50p 
MJ2501  725p 
MJ2955  90p 
MJ3001  2259 
MJE340  504 
MJE2955 10 49 
MJE3055  70p 
MPF102  46p 
MPF103/4 40p 
MPF105/6 409 
MP96531  504 
MPS6534 504 
MPS406  304 
MPSA12  504 
MPS413  504 
MPSA20  504 
MPSA42  50p 
MPSA43  504 
MPS456  32p 
MPSA70  504 
MPSUO6  834 
MPSUO7  804 
MPSU45  004 
MPSU65  78p 
0C28  130p 
0C3 5  134, 
T1P294,  499 
T1P29C  554 

11P304  48p 
TIP30C  804 
TIP314  584 
TIP31C  624 
TIP32A  88p 
11P3 2C  824 
TIP33A  904 
TIP33C  114p 
TIP34A  115p 
TIP34C  1 604 
7IP35A  2254 
TIP35C  2004 
TIP36A  27 49 
TIP36C  3404 
TIP41A  654 
TIP41C  78p 
TIP42A  70p 
TIP42C  82 
TIP54  1804 
TIP 1 20  120p 
TIP122  130p 
11P142  1 304 
TIP147  130p 
TIP2955  7Sp 
TIP4055  704 
TIS43  45p 
TIS93  30p 
ZTX108  149 
ZTX300  13p 
ZTX500  15p 
ZTX502  184 
ZTX504  30p 
284574 25 49 
24696  354 
28697  249 
214698  49p 
21,1706A  30p 
29708  30p 
28918  45p 
28930  184 
281131/2 36p 
281613  25p 
241711  254 
242102  70p 
282160  3504 
2422194  304 
282222A  30p 
282369A  254 
242484  30p 
282646  45p 
282904/5 30p 
2N2906A 30p 
282907A 30p 
282926  lip 
283053  304 
283054  854 

283055  48p' 
283442  1404 
283553  2404 
283565  304 
243584  25 4, 
283643/4 484 
243702/3 12p 
283704/5 12p 
283706/7 144 
243708/9 12p 
243773  3009 
283819  254 
283820  50p 
283823  704 
283866  804 
243902  7004 
283903/4 18p 
2713905/6 204 
284037  654 
284068/9 12p 
284060  129 
284061/2 18p 
284123/4 27p 
284125/6 27p 
284401/3 27p 
284427  804 
284871  80p 
285087  274 
285089  27p 
285172  27p 
285179  804 
285191  90p 
285194  904 
285245  ,40p 
285296  554 
245401  50p 
285457/8 409 
285459  404 
285460 GOp 
285485  44p 
285875  2504 
286027  489 
286041  180p 
2N6044  1601e 
2N6052  304, 
286059  3254 
286107  66p 
2N6247  1904 
286254  130p 
286290 SOp 
286292  66p 
2SC1172 1504 
38128  1204 
38140  1204 
3811  tlop 
38201  1104 

38204  1204 
40290  250P 
40360  401. 
40361/2  754 
40364  120p 
40408  904 
40409  100p 
40410  100p 
40411  300p 
40594  12 49 
40595  1204 
40673  759 
40841  90p 
40871/2 1004 

DIODES 
89127 
BYX36-3C0 
0447 
0421 
0485 
0490 
0A91 
0495 
04200 
04202 
18914 
18916 
1144148 
184001/2 
1144003/4 
1 114005 
184006/7 
185401/3 
11,15404/7 
15920 

12p 
2374 
Op 
159 
151, 
9p 
Op 
9p 
Op 
104 
44 
7p 
49 
5p 
Sp 
op 
74. 
149 
104 
Op 

64  50V  80p 
64 100V  100p 
6A 400V  120p 
10A 400V 20 4, 
254 400V 4009 

ZENERS 
2.7V-33V 
400mW  Op 
1W  154 

TRIACS 
PLASTIC 
3A 400V 
6A 400V 
6A 500V 
SA 400V 
SA 500V 
124400V 
1 2A 500V 
164400V 
16A 500V 
T2BOOD 

80p 
70p 
Up 
75p 
95p 
559 
105p 
11 4, 
13 49 
13 49 

HEAT SINKS 
For 70220 Volt. 
090 R . and  • 
transertors  224 
FOf TO5  129 

BRIDGE 
RECTIFIERS 
IA  50V  194 
1A 100V  20p 
1 A 400V  254 
1 A 6C1OV  304 - 
24  50V  30p 
2A 10474  354 , 
24 4cav  459 
34 200V  80p 
34 600V  72p 
4A 100V  854 
44 400V  100p 

THYRISTORS 
IA 50V  70p 
14404V  90p 
3A 400V  1004 
BA 600V  140p 
124 400V 1604 
164 100V  1604 
164400V 180p 
cEITH36106D 45 9 1104  

MCR101  38p 
71044  229 
283525  1140p3Op 

2214844445060  34p 
285064  404 

LOUD-
SPEAKERS 
See 
21/2 " 64R  80p 
2Yz"  8R 804 
2"  8R  90p 
11/2 "  88 .1004 

MODULATORS 
6M13. UHF 3754 
81,113. UHF 450p 

VOLTAGE REGULATORS 
FisAd Plimie TO-220 

' 14 +ve 
5V  7505  649 
12V  7812  049 
15V  7615  50p 
18V  7818  604 
24V  7824  604 
100mA  10-92 
5V  78105 304 
12V  • 78112 sop 
15V  78115 309 
OTHER REGULATORS 
LIM 309K .  1359 
LM3171  2004 
LM323K  5004 
LM723  37p 

79105 
79112 
79115 

7BHGKC 
78H05KC 
78MGT2C 
79HGKC 
11497 

7905 
7912 
7915 
7918 
7924 

454 
64, 
70p 
70p 
704 

70p 
704 
704 

8004 
5504 
1354 
8004 
3004 

OPTOELECTRONICS 

'285777  454 
.0CP71 804 
ORP12 120p 

041'0-ISOLATORS 
11_074  1304 
MCT26 100p 
MC52400 190p 

LEDO 
0.1'25" 
TIL32 55p 
TI1.209 Red  139 
TIL211 Gr 249 
141212V,  249 
TIL216 Red  18 4 

DISPLAYS 
3015F  200p 
D1704  1449 
DL707 Red  140p 
END357  1209 
FND500  1104 
END507  1 10p 
MAN3640  175p 
MAN4640  2004 

ORP60 
ORP61 
1(1_76 

111111 
141112 
711116 

0.2" 
T1L220 Red 
011222 Gr 
T1L228 Red 
Rectangular 
LEDs CFI, G. 1̀) 

NSB5861 
111311 
TIL312/ 3 
TIL321/ 2 
111330 
7750/60 
DRIVERS 
9368 
9370 
UDf161113 
UDN61B4 

1201, 
120p 
554 

904 
904 
904 

14, 
184 
224 

31)p 

570p 
6004 
1104 
taop 
14134 
2004 

25 41 
300p 
3209 
32 89 

MEMORIES 
2101-41 
2102-21 
21078 
2111-2 
211 2-2 
2114 
2114-21' 
4027-3 
4044 
4116 
4118.4 
5101 
6514-45 
6610 
745201 
ROM/PROM. 
71301 
745188 
745287 
745470 
745471 
745571 

CNN 
1600 
1802CE 
26504 
6502 
6800 
6802 
6809 
8080A 
80854 
I NS8,060 
TM59980A 
280 
ZBOA 

EPROM. 
2708 
2716 (+51.4 
2532 
2732 

SUPPORT 
DEVICES 
3242 
3245 
6522 
6532 
6820 
6821 
6845 
6850 
6852 
6875 
8155 
8205 
8212 
8216 
8224 
6226 
8228 
6261 
8263 
8255 
8257 
8259 

40 49 
204 
5004 
2809 
3004 
2504 
4004 
375p 
7004 
2504 
£10 
4004 
5004 
3254 
4004 

004 
225p 
354. 
6504 
8504 
6504 

12004 
7 50p 
£16 
6504 
5004 
9504 
£113 
4504 
1104, 
1000p 
£20 
151)04 
8009 

4504 
£7 
£12 
£12 

8004 
9604 
6004 
8254 
375p 
34 49 
£18 
3004 
37 4, 
8004 
11004 
32 49 
2004 
200p 
2759 
2504 
5259 
4754 
10004 
4504 
11004 
950p 

8279 -  0504 
TM59918  POA 
280P10  11004 
2908910  700p 
280CTC  800p 
ZBOACTC  700p 
ZBOADART  £15 
2130ADMA  050p 
280910-1  £24 
UART 
4731015P  46 49 
AY-91013P  400p 
IM6402  4504 
CHARACTER 
GENERATORS 
RO-12513U.C. 930p 
80.3.2513 LC. 7004 
S874926248  CIO 
KreSDARD 
ENCODER 
AY-62376  7004 
74C922  500p 

cworrALs 
32.768KH,  2504 
100101,  3004 
20061-le  31 4, 
.1.0MHz  2204 
icoeeee  3509 
16432MHz  3254 
2.00MHz  3251. 
2.45760MHz  3259 
3.276MHz  300p 
3.579MHz  1754 
4:00MHz  2804 
4194MHz PIDA 
4.43811-U  1254 
5.0MHz  3259 
6.0MHz  30 49 
6I44MHz  3004 
TOMHz  3004 
7168MHz  3004 
800MHz  3004 
8867841z  300p 
10.00MHz  3109 
103811*  300p 
120MHz  350p 
16.00MHz  35 4, 
18.00MHz  300p 
18432  3504 
19518MHz  3804 
26890MHz  3504 
27145MHz  325p 
386667MHz  3504 
480MHz  3004 
559MHz  400p 
110MHz  350p 

LO W PROFILE DLL SOCKETS BY TEXAS 

Re, 81.  18 pin 169  24 pin 204 
14pin 10p  20 pin  20p  28 pin 30p 
16 pin lip  22 pin 724  40 pin 30p 

HEADER 
PLUGS 

WIRE WRAP SOCKETS BY TEXAS 
8 pin  254 18 pin  gep 24 pin  70P  16 pin  14 pin  650004  

14 pin  359 20 pin  604 28 FM  24 pin 100p 
16 pin  449 22 pin  55 P 4° Pî  "". 40 P10 27 49 
SOFTY Ideal Software,' Hardware Development Tool. 
Using SOFTY you can develop your Programmes. 
Debug/Verify and then commit them to EPROM. 
KIT £100. BUILT AND TESTED £125 
Also available Expansion Board for Programming 
single rail (+5v) EPROMS. Reedy bait £40.   

MINI FLOPPY DISC DRIVE MECHANISM: Teac. Type 
FD-50A 40 track 51/4 " Double/Single Density drives 
£140 
FLOPPY DISC CONTROLLER 
FD1771  £24 
FD1791  £36 
F01691 £15, 2143  £5.50 

EPROM ERASER Type UV140. Will erase up to 14 
EPROMS in approx. 20 mix. Has slide-in tray for safe 
use MAINS and ERASE indicators £61.50 

ZERO 
INSERTION 
FORCE SKY 
24  pin  £7 

NANOCOMP MICROPROCESSOR TRAINER. 
As described in WVV, January 1981. A complete kit of 
parts available (excluding PCB and the case). The kit 
includes pre-programmed 2716, sockets for all ICs and 
PSU pans as well. Price £64 inc. VAT and P&P. 

VEROBOARQS 0.1 
(copper dad) 

2.5X3.75"  754 
2,5X5"  ,  854 
3.7553.75"  85P 
3.75x5"  95p 
3.75517"  3401, 
4.75517.9"  4201, 
Plu of 100 pins  504 
Spot face cutt4  88p 
Pin inset= rod 118p 
Vero Wiring Pen 

COUNTERS 
740925 
740928 
109172166 
ICM7217A 
251040E 

AraEX SOLDERING 
IRONS 
C-15W 
CX-17W 
CCN-15W 
025 
SPARE BITS 
C (D< CCN 
X25 
SPARE ELEMENTS 
C/CX/X25 
CCN • 

41 59 
425p 
425p 
4400 

60p 
60p 

180p 
2009 

5504 
8004 
20004 
8504 
7004 

TTI. & ECL 
NIC4024 
MC4044 
10116 
10231 

3254 
3254 
70p 
3504 

*SPECIAL OFFERS* 

2114-4L (450ns) 
2708 
27161+5\1 
4116-2L (20Ons) 

1-24  25-99 
1.60  1.50 
3.50  3.25 
4.00  3.50 
1.60  1.50 

100 
1.40 
3.00 
3.00 
1.40 

BOOKS by TEXAS INSTRUMENTS 

TEL Data Book (700 pages)  £7.00 
Power Semiconductor Data Book (600 
Pages)  £4.50 
Linear Control Data Book (368 pages) 

£3.00 
Software Design for Mnroprocessors (400 
P4948  £11.00 
The Great Inf 1Metle on Keys (208 pages) 

Understanding  Microprocessors  1240 
P3911s)  £3.50 
Understanding Sold State Electronics 
240 pages.)  £.50 

Understanding Digital 'Electronics (240 
44986) £3.50 
Understanding Communications Systems 

P.O.A. 
Others: TTL Cook Book  £7.25 

CMOS Cook Book  £7.75 
Microprocessor Interlacing Techniques 

£9.95 
Please add £1 P&P on cadi book NO 

VAT) 

BREADBOARDS 
EXP300  575p 
EXP350  3154 
EXP600  630p 
.1D(P650  3609 
PB6  0204 
P8100  11604 
PB102  22659 
PB103  344 59 

THANDOR TEST EQUIPMENT 
DM235 Digital Multimeter 
DM350 Digital Multimeter 
TM352 Hand Held DM M 
TF200 Frequency Meter 
TG1 05 Pulse Generator 

P&P £.50 per item + VAT 

£50 
£89 
£48 
£145 
£81 

We carry a large stock of 74 .and 74LS TTLs, CMOS, Linears, Memories, etc. and can normally offer 
ex-stock deliveries. We welcome inquiries for volume quantities both from local and overseas buyers. 

NE W RETAIL SHOP 
367 Edgware Road, W2 
Open: 9.30-5.30 

Please add 30p P&P & VAT 1 5 %. 

Govern ment, Colleges, etc  Orders accepted. 

Whirl Fro 9 30 .5 30 
  _ Sitürday '0 30,4 3-0 _ 

TECHNO MATIC LTD. 
17 BURNLEY ROAD, LONDON N W10 
(2 minutes Doll's Hill tube station) (a mple street parking) 

Tel 01 452 1500/01 450 6597  Telex 92280(' , 

32 Way 

The 'something extra' being a four fingered beryllium 
copper spring clip retained Inside each precision turned 
contact. These contacts are now fitted into NEW high 
temperature, solvent resistant polyester open-frame 
mouldings. 
INCREASED RANGE from 6 to 64 ways D. IL- and up to 
32 ways S.I.L. pin counts. We offer a choice of 
SELECTIVE GOLD PLATING on the inner spring cup, 
with LOW COST TIN PLATING as an alternative. 
Add to this RELIABILITY insured by unique fully 

automated assembly and test facilities giving controlled 
insertion/withdrawal forces. Tested up to a 1,000 
operations. Another useful feature Is the VERY LOW 
PROFILE and 0.1 inch grid stackability. 
To complement the ranges of flow-solder and wrap 

sockets, there are now 4 different pin types of matching 
HEADERS in D.I.L and 6.11 configurations, 

Made in the U.K. by 

H AR WIN 
Harwin Engineers SA, 

Fitzherbert Road, Farlington, 
Portsmouth, P06 1RT, Hants. 
Tel: 0705 370451, Telex 86125 

TRANSFORMERS  I 
Pyi Aara  ftera dd  P1:9P  

2 or 24-VOLT 
CONTINUOUS RATINGS 

'MAINS ISOLATORS • 
Pri 0-120, 0-100-120V (120, 220, 240V) Sec  Separate 12V windings Pri 220- 240V 
60, 55 459 el-twice, login. 55, 80, 110, 11 5;  Ref.  12v  24v  £  P&P 
120,125, 175,180, 220, 225, 230, 235, 240.  11 1 

149 
7*  20 60  4.84  1.20  71 

4201 . 1;)°C5) 2001, :0°255  4322 ..: 4481  ' 1119,i208000 il 

a e. VA (Watts)  £  P&P  213 

-150  '100 
871142338..62781 1.20 

1.44  18 
151  200 18.07  221...071422 7805  65..00  23..05  68..9196  11..2200 

153 
152 

350 
250 

22.52  2.20  108 72  10.0  5.0  8.93  1,60 , 
8.0  4.0  11.18  1.44 

154  116  12.0  6.0  9-59  1.60 ' 
155  575°°0  '  32.03 
156  1000  40.92  OA  17  16.0  8.0  11.79  1.72 

OA 

3000  95.33  OA 226 60.0 uig 4109 :471 'OA 

118175  2300..00  >10.0  15.87 
157  1500  56.52  1.84 

OA  12.04 
158  2000  67.99 

, .  . .  OA 
iir.1 15 or 240v sec only. State volts 
required. Pri. 0,220-240V. 

50 VOLT RANGE (Sple Seel. 
Pri 220-240V. Voltages available 5, 7, 8, 10, 13, 
15, 17, 20, 25, 30, 33, 40 or 20V-0-20V and 
25V-0.25V. 

Ref. 
102 

103 
104 
105 
106 
107 

118 
119 
109 

Amin 
50v  25v 
.5  1 
1  .2 
2  4 
3  6 

4  8 
6  12 
8  16 

10  20 
12  24 

P&P 
3.75  1.20 
457  1.20 
7.88  1.44 
9.42  1.60 
12.82  1.72 
16.37  1.84 
22.29  2.20 
27.48  OA 
32.89  OA 

30 VOLT RANGE (Split Sec) 
Pri 220-240V. Voltages available e;  
8, 9, 10, 1 2, 15, 18, 20:24, 313V or 12V-0-12V 

and 1 5V-0-15V 
Amin 

30i, - 15v  £  P&P 
.5  1  2.90  1.00 
1  2  3.93  1.00 
2  4  6.35  1.20 
3  6  7.39  1.44 

4  8  8.79  1.60 
5  10  10.86  1.60 
6  12  12.29  1.72 
8  16  16.45  1.96 
10  20  18.98  1.84 
12  24  21.09  OA 
15  30  24.18  OA 
20  40  32.40  OA 

Ref. 
112 
79 
3 
20 
21 
51 
117 
88 
89 
90 
91 
92 

60 VOLT RANGE 
Pri 220-240V (Split Sec.) 

Voltages available 6, 8, 10. 12, 16, 
18, 20, 24, 30, 36, 40, 48, 60V, or 

24V-0-24V and 30V-0-304 

1411 P• 
Ref. -ifév  3P• 
124  .5  1  4.27 
126  1  2  8.50 
127  2  4  8.36 
125  3  6 12.10 
123  4  8 13.77 
40  5  10  17.42 
120  6  12  19.87 
121  8  16 27.92 
122 10  20 32.51 
189 12  24 37.47 

P&P 
1.20 
1.20 

1.60 
1.72 

1.96 
1.84 
2.04 
OA 
OA 

: OA 

HIGH VOLTAGE 
- MAINS ISOLATING 
Pri 200/220 or 400/440 

Sec 100/120 or 200/240 
VA  Rae. 
60  243  7.37  1.20 
250  246  4.81  2.04 
350  247  18.07  2.04 
500  248  22.52  OA 
1000  250  45.94  OA 

CASED AUTOS 
240V cable input USA 11 5V Flat pin 

outlets 
VA  PAP  Ref. 
20  £6.55  55  SI:AN 
75  £8.50  1.20  64W 
150  £11.00  1 44  4W 
200  £12.02  1 44  65W 
250  £13.38  1.44  69W 
500  £20.13  2.04  67 W 
1000  £30.67  2.20 -134W 
2000 .  £54.97  OA  95W 

SCREENED MINIATURES FYI 2401/ 
Ref.  mA - . Vohs  £  P&P 
238  200  3-0-3  2.83  .50 
212  1A, 1A  0-6, 0-6  3.14  1.00 
13  100  9-0-9  2.35  , .50 
235  330, 330  0-9, 0-9  2.19  .60 
207  500, 500  0-8-9, 0-8-9  3.05  .95 
208  1A, 1A  0-8-9, 0-8-9  3.88  1.20 
236  200,200  0-15, 0-15  2.19  .60 
239  50MA  12-0-12  2.88  .50' 
214  300,300  0-20, 2-20  3.08  1.00 

221  700 (pc)  20-12-0-12-20  3.75  1.00 ' 
206  1A, 1A  0-15-20, 0-15-20 5.09  1.20 
203  500, 500  0-15-27, 0-15-27 4.39  1.20 
204  1A, 1A  0-15-27, 0-15-27 6.64  1.20 

AUTO TRANSFOR MERS 
Voltages available 105, 115, 190, 200, 210, 220, 
230, 240, Voltages for step up or step down. 
Ref. VA (Watts)  TAPS  P&P 
113'  15 0-115-210-240V  2.73  1.00 
64  80 0-115-210-240V  4.41  1.20 
4  150 0-115-200-220-240V  5.89  1.20 

12.09  1.84 
84 1000  " "  20.64  2.20 
93 1500  '  25.61  OA 
95 2000  "  36.31  OA 
73 3000  " "  65.13  OA 
80s 4000 0-10-115-200-220-240  84.55  OA 
57s 5000  98.45  OA 

0, 115, 220, 240 Step Up or Step Down 

NE W RANGE TRANSFORMER 
Pri 0-120; 0-100-120; (120V or 220-240V). Sec. 
0-36-48 twice to give 72V or 92V. 

24 -£1 135 PP  £1.22  ZIA £20.65 PP  0.04 

3A £16.17 PP £1.96  5A £29.30 PP £2.20 

BE7 0-110-120 220 240V Sec 20V 1 Amp £1.62. 
P&P 32p + VAT. 

1W-1/141ÜBE TRANSFORMER 
015V CT (7.5-0-7.5V 

Ref.  Amp  Price 
171  500 MA  2.30 
172  1A  3.28 
173  2A  3.95 
174  3A  4.13 
175  44  6.30 

P&P 
.52 
.90 - 
.90 
.99 
1.10 

SPLIT BOBBIN TRANSFORMER 
Pr). 0-115; 0-115 (Ref. 70010). Sec. 0-12-15-20-

24-30. To give 3, 4, 5, 6, 8, 10, 12, 15, 18, 20, 24, 
30, 2 Amps, £4.65 P&P £1.10 + VAT. Special Offer 
Multimeter (20KOV) with combined audio IF test 
oscillator at 1KHz and 465KHz AC/ DC to 1000 volts 
DC current to 500ma resistance to 1M. Size 160 X 
97 x 40mm £8.50. P&P £1 + VAT. 

OTHER PRODUCTS  
AVO TEST METERS 
Latest Model 8 Mk. 5 £106.40 
71 Electronics  £43.10 
73 TV Service  £58.60 
MM5 MINOR  £36.90 
WEE MEGGER  £87.00 
DA211 LCD Digital  47.00 
DA212 LCD Di ital  £67.00 
DA116 LCD Digital  £108.90 
Megger 70143 500v  87.00 
Avo Cases and Accessories 
P&P £1.32. VAT 15% 

BRIDGE RECTIFIERS 
200v  2A  45p 
400v  lA  25p 
400v  2A  55p 
100v  25A+  £2.10 
200v  4A  65p 
400v  44  85p 

400v  6A  £1.40 
500v  12A  £2.85 

P&P 20p. VAT 15% 

Send 15p for catalogue 

Prices correct at 20/2/61 

RADIO NAVIGATIONAL AIDS 
Satellite Navigational Systems e.g. VVherefinder II; 
2900 series. Marine receivers and accessories. 
(Agents for P&O Radio Services). Also available RF 
cable and UHF connectors. 

ANTEX SOLDERING M OND 5VY £4.58. 25W £4.58 
Stand for above £1.90.  P&P 53p. VAT 15%   

PANEL METERS 
43mm x 43mm  82mm x 78rn"rn 

0-5094  £6.20  0-50pA  £6.70 
0-500µA  £5.95  0-500µA  £6.70 
0-1mA  £5.95  0-1 mA  £6.70 - f 
O-30V  £5.95  0-30V  £6.70  [ 
VU Panel Ind. 48 x 45mm, 250p.A FDS  £2.60 

Carriage 76p VAT 15% 

U4315 Budget Meter 201(2/V. Rangers to 1000V  r 
2.5A AC/DC 500KR. Res in steel case £15.85.  . 

P&P £1.32. VAT 15 % 

* U. OXIDE RESISTORS E1/100  , 
Special Offer 6% % W. Use instead of carbon film ¡ 
(in 100s only). TR4 Electrosil.  . 
39052- 47012- 510R- 5600 - 8201.2 - 1K - 1K1 - ' 
2_,4i,  1K - 1K6 - 1K8- 2K- 2K4 -3K- 16K- 20K- 22K ' 

- 24K - 7K - 82K - 100K - 130K - 180K - 220K -, 
270K - 3 OK.  P&P 30p + VAT 

Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC3N 1BJ 

TELEPHONE: 01-488 3316/8 
NEAREST TUBE STATIONS: AL DGATE ed LIVERPOOL ST 

C ALLERS W ELC O ME 

www.americanracr istorv.com 

WW - 067 FOR FURTHER DETAILS 

WW -020FOR FURTHER DETAILS 
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eunigor multimeters 
fertile price of 2 
• approved by international 
research companies 
taut band suspension 

• 52 measuring ranges 
• overload protection 

JOHN MINISTER INSTRUMENTS LTD. 
137/139 SANDGATE ROAD, FOLKESTONE, 

KENT CT20 2DE Telex 965418 

Telephone 0303 41598 
W W — 078 FOR FURTHER DETAILS 

The 'SERIES TWO' 
MESSAGE REPEATER 

with 4-track capability, 
using all four tracks 
to provide separate or 
simultaneous playback 

Send for details of any item, and our full 
brochure of the comprehensive Reditronics 
range of sound communications equipment. REDITRONICS 

. . . TOTAL SYSTEMS CAPABILITY 

REDIFFUSION REDITRONICS LTD., La Pouquelaye, St Helier, Jersey, Channel Islands 
Tel: Jersey (0534) 30321 Telex: 4192341 
U.K. DEPOT: River View Road, Bitterne, Southampton, Hampshire, U.K. Tel: Southampton (0703) 555566 

Distributors for Greater London and Home Counties: 
Musitune Ltd., 388 Green Lanes, London N4 1D W Tel: 01-802 1163 

To obtain further details of any of 
the coded items mentioned in the 

Editorial or Advertisement 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 wpy 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 

you may apply direct to us by 
using the card at the bottom of 

this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia : Gordon & 
Gotch (Australasia) Ltd. 
380 Lonsdale Street, 
Melbourne 3000, Victoria 

Belgiu m: Agence et 
Messageries de la Pressé, 
1 Rue de la Petite-ILE 
Brussels 7 

Canada :Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro-
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk.1103 Kobenhavn, 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P.O. Box 315,245 
Syngrou Avenue, 
Neo Smyrni, Greece. 

Holland: Van Ditmer N.V., 
Oostelijke Handelskade 11, 
Amsterdam 1004 

India: International Book 
House, Indian Mercantile 
Mansion Eut, Madame 
Cama Road, Bombay 1 

Iran: A.D.A.,151 Khlaban 
Soraya, Tehran 

Israel: Stelmatzky's 
Agency Ltd, Citrus House, 
F.O. Box 628, Tel Aviv 

Italy: Intercontinental 
.a.s. Via Veracini 9, 
20124 Milano 

Japan: Western Publica-
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjoku-Ku, 
Tokyo 160 

Lebanon: Levant Distri-
butors Co., P.O. Box 1181, 
Makdesi Street, Halim 
Hanna Bldg; Beirut 

Malaysia: Titees 
Distributors Sdn, Bhd., 
Times House, 
390 Kim Sang Road, 
Singapore 9, Malaysia. 

Malta: W. H. Smith 
Continental Ltd, 
18a Scots Street, Valeta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington 2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.I 
Apartado 37, Amadora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 
Atheneum sa. Consejo de 
Ciento, 130-136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Fack S-104, 
25 Stockholm 30 

Switzerland: Neville & 
Cie SA, Rue Levrier 5-7, 
CH-1211 Geneve 1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
I PC Business Press, 
205 East 42nd Street, 
New York, N.Y. 10017 

Postage 
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paid by 
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Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
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WIRELESS WORLD 
Reader Enquiry Service 
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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. 
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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: 

Subscription Manager, 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 



Enquiry Service for  Professional 
Readers ONLY. 

WW . . 

VVVV 

VVW . . .  WW . . . . 

INW . . . . 

WW  . 

WW 

WW  . . 

WW . . . 

VVW  . . 

WW 

WW . . . 

INW 

INW . 

VVW  . . 

WW  WW . . . 

WW  . . 

WW 

KRI M REIM 

Postage 
will be 
paid by 
Licensee 

WIRELESS WORLD  Wireless World, April 1981  WW 164 

Please arrange for me to receive further details of the products listed, 

the apilropriate reference numbers of which have been entered in the 

space provided. 

Name   

Position in Co mpany   

Name of Company ......  .......  .  ..  ...... . . 

Address 

Telephone Nu mber   

Nature of Co mpany/Business.   

No. of employees at this establ ish ment 

VALID FOR SIX MONTHS ONLY 

CUT HERE Rena 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydon 
Surrey CR2 9PS 

gnu CUT HERE a» 

Wireless World  Subscription Order Form  
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1 year:  £10.00 
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1 year:  $33.80 

Please enter my subscription to Wireless World for 1 year 
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 made payable to 
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• OR DIGITAL 
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I 1.01 

MULTIMETERS 

Farnell 
International 

FARNELL 
INTERNATIONAL INSTRUMENTS LTD 

VVETHERBY.WEST YORKSHIRE.LS224DH 

for brochures and price lists use the 
Wireless World Product Reply Service 
number below: 

WIRELESS WORLD APRIL 1981 

The New Scopex 14D 

A dual trace 10MHz high sensitivity oscilloscope 
incorporating all the latest high technology 
developments to bring you all these 
outstanding features as standard. 
• 10cm x 8cm display. 
• 2mV sensitivity on both channels. 
• Add and invert facility. 
• Probe compensation. 
• Push button X -Y. 
• Trace locate. 
• 10MHZ 1-3dB1 over full display. 
• Complete with probes. 

113 

At a price of £240.00 + VAT. 
Ensures British leadership in the low cost high 
performance oscilloscope market. 
Distributors required in certain countries 

C OPE X 
Pixrnore Avenue, Letchworth, 
Herts SG6 1JJ, Tel: (04626) 72771. 

BARCLAYCARD * 
VISA 

I wish to pay by Barclaycard/Trust Card. 
Please charge to my account. 
My Barclaycard/Trust Card No. is 

M I  I 1 I I I 1 1 1 
WW — 8 FOR FURTHER DETAILS 

Please send me full details of thel4D10. 

name 

edmpany 

Address 

 Tel, 

k 

WW Ol33 for further details 
1111 .1 .1 
V V vv vv Amu  lucti II caul historv.cc 
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Professional 
ASCII Keyboards ‘S\t;• 19te  

0 ° 

11111111111111111111111i1 ,-r 
- RISOMMIKIIIMI • 
• •811.8111•1111111111  - 
SIIIK110•118•11 

THE 'APPLE' COMPUTER KEYBOARD 
• 52 key 7-bit ASCII Coded 
• Positive Strobe, + 5v -12v. 
• Full ASCII Characters 
• Parallel output with Strobe. 
• Power Light on Control 
• National MM 5740 Chip, TTL Output 
• Superbly made, size 12x5.5x1.5in. 
• Black keys with white legends 
• Escape, shift, return and reset keys 

Complete with Circuit and Data 

Ideal for use with TANGERINE, TRITON;TUSCAN, APPLE and 
most computers. 

Ex-stock from Henry's. 
This is definitely the BEST BUY. Supplied BRAND NE W in 
manufacturer's original packing (ANTI-STATIC). 
Just post remittance, total £35.95 (incl. VAT & Post). 

Hom es 
Computer Kit Division 

404 Edg ware Road, London W 2 1ED, England I.E.D. 01-402 6822 

HANL All .1, 

11 =11 

rFACTORY CLEARAN O 
SERVICES CO. 

A GRAND CLEARANCE SALE OF NEW COMPU-
TER SPARES WILL BE HELD AT OUR CODICOTE 

WAREHOUSE ON 
SATURDAY, 4th APRIL AND SATURDAY, 11th 

APRIL 

COMPRISING OF: 
Keyboards   
Teletype Printers Type 35 
Power Supply units, 5v, 10v, 12v, 
18v, 24v, 1-amp to 20-amp  from £7.50 
10-Tonne of Electric Motors  from 50p ea. 
Fans and Blowers  from £2 
5-Tonne of Transformers  from £1 

Plus: Resistors, Capacitors, Semiconductors, 
Rectifiers, Solenoids, Relays and thousands of 
electrical and mechanical assemblies. Jumbo 
bags of mixed components  £5 

from £10 

, Come along and browse, bring your own 
sandwiches! 

A. R. DAVIES (FACTORY CLEARANCE) 
28 ST ALBANS ROAD, CODICOTE 

NR. OLD WEL WYN, HERTS 

TEL: STEVENAGE (0438) 833417-820686 

W W-074 FOR FURTHER DETAILS 

THE PRINTER SCOOP OF THE YEAR, SAVE OVER £1400 
THE LOGABAX Z80 MICROPROCESSOR CONTROLLED 

LX180L M ATRIX PRINTER 
A massive bulk purchase enables us to offer you this superb professional printer at a fraction of its recent cost of over 
£2000. Utilising the very latest in microprocessor technology, it features a host of facilities with all electronics on one 
plug in PC.B. Just study the specification and you will instantly realise it meets all the requirements of the most exacting 
professional or hobbyist user. 
STANDARD FUNCTIONS * Full ASCII character set * Standard ink ribbon * RS232/V24 serial interface - 7 xtal 
controlled baud rates up to 9600 * Parallel ports interface * Handshakes on serial and parallel ports * 4 Type fonts, 
italic script, double width, italic large, standard *Internal buffer *Internal self test *170 CPS *Variable paper tractor 
up to 17.5" wide *Solid steel construction *All software in 2708 eproms easily reconfigured for custom fonts etc. 

All this and more, not refurbished but BRAND NE W 
At Only £525 + carriage and ins. £18.00 + VAT 

OPTIONAL EXTRAS * Lower case £25.00 *16K buffer £30.00 * Second tractor for simultaneous dual forms £85.00 * Teak finished floor stand 
£35.00 (+£8.50 carriage)* Logabax maintenance P.O.A. All prices subject to VAT-AVAILABLE ONLY FROM: 

• •  • • •  • • •  •  • • 
*. : •    ....• 64-66 Melfort Rd, Thornton Heath  a,  COMPUTER 86 High Street, Bletchingley • ••• ...• 

Croydon, Surrey. 01-689 7702/6800  Surrey 
ELECTRONIC  Telex 27924 Ref Fisher  APPRECIATION 0883 843221 

MAINS INTERCOM NEW 
IMPROVED 

£37.99 
+ VAT £5.70 per pair 

NO BATTERIES. NO WIRES. Made to high Safety end 
Telecommunications Standard. The modern way of 
instant 2-way communications. Just plug into power 
socket Ready los use. Crystal clear communications 
from room to room. Range 1/4 mile on the same mains 
phase with call barran and light indicator. On-off 
switch. Volume control. Useful as inter-office in-
tercom between office and warehouse, in surgery 
and n homes, between house and garage. Also use-
ful as burglar alarm. 6 months service guarantee. 
P&P £1.95. Also F.M. 2-channel model 05.95 + VAT 
171140 + P&P £2.15 per pair. 

10 days' price refund guarantee Barclaycard and Access welcome.. 

WEST LONDON DIRECT SUPPLIES (W W) 
169 KENSINGTON HIGH STREET. LONDON W8 65N. TEL. 01-931 5548 

NEW' AMERICAN TYPE CRADLE 

TELEPHONE AMPLIFIER 

- ONLY 

1 8.95 
+ VAT £2.85 
+ P&P E1.65 

New improved battery operated Telephone Amplifier 
with detached plug-in speaker. Placing the receiver 
on to the cradle activates on/off switch for immedi-
ate two-way conversation without holding the hand-
set Many people can listen at a time. Increases 
efficiency in office, shop, workshop. Perfect for con-
ference calls, leaves the user's hands free to make 
notes, consult files No "holding on", save money 
and long-distance calls. Volume control. Model with 
conversation recording facilities. Price £20.95 + VAT 
£3.15, post and packing for either model £1.65. 

TV TUBE REBUILDING 
Faircrest Engineering Ltd., manufacture a comprehensive 
range of equipment for processing all types of picture tubes, 
colour and mono. Standard or custom built units for estab-
lished or new businesses. We export world-wide and have an 
excellent spares service backed by a strong technical team. 

Full training courses are individually tailore-cr to customers' . 
requirements. 

'For full details of our serviCe contact Neil Jupp 

FAIRCREST ENGINEERING LTD. 
Willis Road, Croydon, CRO AX. 

01-684 1422/01-6840246 

B. BAMBER ELECTRONICS  Dept. WW, 5 STATION ROAD, LITTLEPORT, CAMBS. CB6 1QE 
Telephone: ELY (0353) 860185 (2 lines) Tuesday to Saturday 

T178 

AC107 
AC126 
ACI28 
82141 
ACI421 
ACIB5 
ACIBB 
82112 
82106 
ACY19 
MTV] 
ACY21 
ACY44 
80143 
AD M 
60124 
88114 
88124 
61211 
01112 
05152 
15215 
13116 
1.3221 
141110 
B6107 
MI070 
BC108 
P1161081 
411018 
06188 
IIC113 
1015 
116125 
BC135 
116143 
1047 
411416 
06148 
B6153 
02154 
B2I57 
02158 
41I71 
B217I8 
B2I726 
B2I77 
B2178 
B1178.1 
BC179 
B21821. 
BC163 
B11836 
11184 
P112184 
02116 

Price 

025 
0.33 
034 
025 
0.32 
0.62 
032 
0.94 
072 
0.80 
035 
0.75 
032 
0.85 
1.92 
7.60 
0.50 
0.38 
5.57 
5.57 
0.10 
2.15 
2.12 
0.80 
1.29 
0.10 
0.12 
0.10 
0.12 
0.12 
0.12 
0.18 
0.17 
0.16 
0.14 
0.24 
0.10 
0.10 
0.10 
0.15 
0.15 
0.12 
0.12 
0.12 
0.16 
0.12 
0.18 
0.18 
0.20 
0.00 
0.12 
0.13 
0.12 
0.12 
0.10 
0.28 

TYP1 

01307 
BUDS 
B2212 
60120 
0013 
8014 
8039 
8027 
82337 
02.360 
02835 
112632 
6030 

42133 
82134 
62170 
BCY71 
0072 
1121117 
BC1241 
110119 
60110 
00121 
B0144 
B0911 
B0160 
BOYD 
0015 
01152 
9F168 
1E159 
gp 160 
OF164 
s 8E173 
00711 
BEIM 
111194 
BFI96 
0E197 
012013 
0124411 
11F257 
ElF2S8 
8E259 
8E263 
BF570 
8F1180 
BFW10 
IIFYSO 
8E351 
11F352 
01157 
EIFT/0 
BRIO 
DXI3 
D029 

Price 

0.15 
0.15 
0.10 
0.15 
0.10 
0,12 
0.10 
0.13 
0.15 
0.35 
0.25 
0.24 
1.34 
1.34 
134 
1.60 
oil 
020 
0.18 
5.35 
3.99 
3.99 
0.92 
125 
140 
017 
2.90 
2.30 
0.30 
0.25 
0.20 
0.20 
0.22 
0.20 
0.27 
0.27 
0.27 
0.10 
O.10 
0.10 
0.21 
0.32 
0.25 
0.25 
0.32 
0.52 
0.60 
0.28 
0.80 
0.25 
0.25 
0.25 
0.40 
1.59 
010 
O.40 
020 

Type 

81384 
61065 
111086 
1310117 
010118 
BLY36 
901164 
88068 
BSX20 
85521 
B5127 
110138 
00195A 
1151248 
051504 
M.1105 
811108 
11P3731 
0216 
0628 
0270 

0223 
000 
0225 
0226 
0C29 
0C35 
0042 
OCR 
0245 
OCIO 
0271 
0272 
0274 
0275 
0276 
0277 
(CBI 
0282 
0282 
02.8311 
0284 
06139 
02170 
06171 
06200 
06201 
06202 
0003 
062114 
0071 
06151 
smoi 
5E4001 
11P38 

Price 

0.24 
0.24 
025 
0.25 
0.25 
8.99 
O.119 
0.40 
O.25 
0.25 
0.27 
O.20 
0.24 
0.68 
0114 
1.84 
1.84 
3.29 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
2.52 
1.99 
030 
0.35 
0.40 
0.56 
047 
0.47 
0.47 
0.47 
O35 
0.56 
9.37 
0.60 
0.60 
030 
0.65 
2.05 
1.26 
1.35 
2.80 
2.60 
2.60 
2.60 
2.60 
0.55 
0.55 
0.29 
0.40 
128 

Type 

11534 
2170 
ZT62 
112220 
273053 
1110 07 
00108 
00109 
01196 
ZTX212 
EX » 
Z13312 
110313 
00314 
111320 
05021 
110502 
20210 
20220 
26221 
26371 
20404 
211441 
264558 
211690 
211697 
21706 
29708 
211711 
2117110 
211918 
211930 
211100 
2111164 
2111302 
21113113 
21113114 
2111307 
2014/9 
201531 
211564 
201655 
2111613 
201893 
2021182 
292193 
2112219 
2112220 
21102211 
292366 
202369 
2112470 
262843 
2629134 
2028058 
2629050 

Price 

0.35 
0.10 
047 
0.30 
0.30 
0.10 
0.10 
0.10 
0.20 
0.15 
0.14 
0.39 
0.39 
0.43 
0.76 
0.76 
OBI 
8.46 
1.46 
8.46 
097 
0.81 
7.60 
3.60 
035 
0.35 
0.21 
0.44 
0.35 
0.86 
020 
0.32 
3.31 
2.97 
0.78 
099 
0.67 
0.90 
0.90 
7.41 
8.59 
8.62 
0.25 
0.65 
925 
0.55 
0.45 
0.14 
0.22 
0.65 

0.56 
0.35 
0.35 
0.35 
0.35 

Type 

2112906 
212115 
812925 
212925 
2113053 
2113054 
2113055 
013137 
013114 
2038420 
2113470 
013583 
203432 
2113703 
293704 
2113785 
2113706 
2113707 
013708 
2113715 
2113716 
2113766 
2113790 
2113819 
2113866 
2113904 
203935 
264120 
2/14236 
2114427 
205038 
2115099 
295199 
265296 
215459 
345461 
295486 
205687 
204246 
25001 
25025 
25033 
20 98 
00102 
25301 
25304 
25324 
25502 
28701 
25703 
25711 
25712 
25732 
257450 

Price 

0.35 
0.55 
0.10 
0.10 
0.30 
0.65 
0.65 
0.76 
0.25 
015 
0.65 
1.97 
8.89 
0.15 
0.15 
0.15 
0.15 
0.15 
0.15 
2.97 
3.27 
1.28 
4.40 
0.25 
1.20 
012 
es, 
0.26 
0.28 
3.25 
2.45 
0,25 
0.90 
0.55 
055 
0.55 
0.63 
0.54 
297 
1.34 
7.21 
293 
1.34 
1.32 
2.26 
2.04 
2.04 
2.34 
11.12 
13.52 
2.62 
2.82 
0.28 
o.x) 

CAMPORE LONG TER M 
DISPOSABLE ELECTRODES 
Packed in boxes of 100, size 4mm, approx 80,000 
in stock.  Any Offers 

MONITOR CATHODE RAY TUBES 
M28-233 GH, M38-1001_0, M28-1 31N. All 

brand-new and boxed.  £10 each 

MAINS ISOLATING 
TRANSFOR MERS 
500VA 240v in 240v 0.T, Output. Enclosed in 
metal boxes, used but in good condition. 

£15 each 

MAINS TRANSFOR MERS 
240v in 24v at 25A output. Ideal for soldering iron 

bench supply.  £15 each 

COLOUR T.V. M AINS INPUT 
FILTER CHOKES 
Approx 1,000  Any offers 

HELLER MAN HEAT SHRINK 
SLEEVING 
Size LVR95 10mm. Colour black, length 150M 

reel.  £10 

LARGE QUANTITY OF USED LIN 
BINS 
All sizes.  Half Normal Price 

PYE ATU4 AERIAL TUNER UNIT 
2-9mhz, tapped cPil  input via S0239. Totally 
enclosed in metal box 13in x 5in x 7in. BRAND 

NE W.  Only £8 each 

FERRANTI MICROSPOT 
CATHODE RAY TUBES 
Type 3H/ 101 0, suitable for photographic multi-

channel recorder systems. Fitted with a mounting 
collar and prism cemented to the faceplate, screen 

aluminised, Phosphor P. The tubes are also fitted 
with mounting units type MU1 053 and deflection 

coil type SC48A.  Few only at £55 each 

AVO 8 MOVE MENTS CO MPLETE 
WITH SCALE 
Ex. Equipment Ministry type.  a each 

TER MS OF BUSINESS: Cheques or P.O. with order made payable to B Bamb 
15 % VAT on all goods advertised after adding postage as applicable 
CARRIAGE: Orders under £5 nett invoice add 75p Orders over £5 but less 
Tues -Sat. 9 30 a m -5 30 p m 

RIBBON CABLE 
10 way decimal coded,  5 metres for £1.25 

TELESCOPIC RADIO AERIALS 
9 section, extends to 24in long, collapses to 41/2 in. 

Price £1 each 

VIDICON SCAN COILS 
(Transistor type, but no data) 
To fit lin tube, complete with vidicon base. 

£3.50 each 

PYE WESTMINSTER 
IN30AM, low band, sets only, no control gear, 
complete and in good condition.  £45 each 

PYE WESTMINSTER 
IN1 5AM low, bands, sets complete and in good 
condition but are less speakers, mikes, cradles and 

LT leads. (Sets only.)  £70 each . 

PYE BASE STATION 
F30AM low band.  Prices from £220 each 

A.C. ADAPTOR (Battery Charger) 
1 20vac input, 5.8 vdc at 200mA output. USA type 
mains plug to 3.5m m jack plug, brand new and 

boxed.  £1.25 each 

A.C. ADAPTOR (Battery Charger) - 
1 1 7 can input, 4.5 vdc at 1 50mA output. USA type 
mains plug to 2.5mm jack plug. Brand-new and 
boxed.  £1 each 

ISEP SLOTTED HORIZONTAL 
RAIL  . 
Available in 9ft lengths.  £4 each 

W ATCH STRAPS 
Black stainless steel, 50p each. Black plastic 25p 

each, watch spring bars 10p each. Discount for 
quantity. 

DATA DYNA MICS MODEL ASR 
390 
240v operation, complete with punch and reader, 
good condition.  £350 

CB ACCESSORIES 
S.a.e. for catalogue and price list. 

• r Electronics, or phone your Access or Barclaycard No Please add 

han £20 add 50p Orders over £20 at cost Callers welcome. 

W W-063 FOR FURTHER DETAILS 

READ ALL ABOUT IT - all the latest on home 
entertainment equipment and ideas in... 

HI Fl YEARBOOK AND HOME 
ENTERTAINMENT 1981 
Published again in November, this new 1981 edition in larger magazine 
size means more comprehensive coverage of the whole range of home 
entertainment equipment, from aerials to headphones, from microphones 
to video recorders and from radios to electronic organs. 
Backed by authoritative articles on developments in the world of Hi Fi, 
plus details of stockists, Hi Fi Yearbook and Home Entertainment 1981 is 
essential reading for enthusiasts and buffs. 
Available from leading newsagents and bookshops from 1st November 
1980. Price £3.00. 
If you have difficulty in obtaining your copy order direct from the 
publishers @ £3.50 inclusive. 
RI M MIR M I, MR1  IMMe mg. 

ORDER FORM 
To: General Sales Manager, Room 205, Quadrant 
House, The Quadrant, Sutton, Surrey, SM2 5AS. 

Please send me  copy/copies of the Hi Fi 
Yearbook and Home Entertainment- 1981 @ £3.50 
including postage and packing. Cheque/postal order 
should be made payable to IPC Business Press Ltd. 

. . . . .  imm Imo 

Name   
(please pr.t) 

Address   

• 

Registered in England No. 677128. 

IMMOI IM M 

W W - 073 FOR FURTHER DETAILS 

www.americanradithhistorv.com 
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LINSLEY HOOD CASSETTE RECORDER 2 

E.-71 

Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our 
VFL 910 vertical front mechanism and circuit modifications to increase dynamic range. Board 
layouts have been altered and improved but retain the outstandingly successful mother-and-
daughter arrangement used on our Linsley-Hood Cassette Recorder 1, 
This latest version has the following extra features: Ultra low wow-and-flutter of .09% - easily , 
meets DIN Hi-F1 spec. Deck controls latch in rewind modes and do not have to be held. Full Auto-
stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latchin efecord 
button for level setting. Dual concentric input level controls. Phone output. Microphone input, • 
facility if required. Record interlock prevents rerecording on valued cassettes. Frequency generat-
ing feedback servo drive motor with built-in speed control for thermal stability. All these desirable 
and useful features added to the excellent design of the Linsley-Hood circuits and the quality of 
the components used makes this new kit comparable with built-up units of much higher cost than 
the modest, £94.90 + VAT, we ask for the complete kit. 

LINSLEY-HOOD CASSETTE RECORDER 1 

We are the Designer Approved suppliers of kits for this excellent design. The Author's reputation 
tells all you need to know about the circuitry and Hart expertise and experience guarantees the 
engineering design of the kit. Advanced features include: High-quality separate VU meters with 
excellent ballistics. Controls, switches and sockets mounted on PCB to eliminate difficult wiring. 
Proper moulded escutcheon for cassette aperture improves appearance and removes the need 
for the cassette transport to be set back behind a narrow finger trapping slot. Easy to use, robust 
Lenco mechanism. Switched bias and equalisation for different tape formulations. All wiring is 
terminated with plugs and sockets for easy assembly and test. Sophisticated modular PCB system 
gives a spacious, easily-built and tested layout. All these features added to the high-quality 
metalwork make this a most satisfying kit to build. Also included at no extra cost is our new HS15 
Sendust Alloy record/play head, available separately at £7.60 plus VAT. but REPRINTS of the 3 
articles describing this design 45p. No V.A.-I-. 
REPRINT of Postscript article 30p. No V.A.T. 

Part Cost of Post, Packing and Insurance 

111111 

grier ufitc7 €124-95%  p&p Export Orders-Postage or shipping at cost plus 
Orveer â0 41).50  f2 Documentation and Handling 

Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and 
price breakdowns.  . 

Instant easy ordering, telephone your 
requirements and credit card number to us on 

Dswestry (0691) 2894 

Personal callers are always welcome 
but please note we are closed all day Saturday 

LINSLEY-HOOD 300 SERIES A MPLIFIERS 

These latest designs from the drawing board of John Linsley-Hood, engineered to the very 
highest standard, represent the very best that is available on the kit market today. The delicacy 
and transparency of the tone quality enable these amplifiers to outperform, on a side-by-side 
comparison, the bulk of amplifiers in the commercial market-place and even exceed the high 
standard set by his earlier 75-watt design. 
Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt, 
both with Mosfet output devices. All are of identical outside appearance which is designed to 
match and stack with our Linsley-Hood cassette recorder 2. 
As with all Hart kits the constructors interests have been looked after in a unique way by reducing 
the conventional (and boring)wiring almost to the point of extinction. 
Any of these kits represents a most cost-effective route to the very highest sound quality with the 
extra bonus of the enjoyment of building a sophisticated piece of equipment. 
30-watt Darlington amplifier, fully integrated with tone controls and magnetic pick-up facility. 
Total cost of all parts is £61.12. Special offer price for complete kits £72. 
35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer for complete kits, £87.40. 
45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete kits £14.80. 

HART TRIPLE-PURPOSE TEST CASSETTE TC1. One inexpensive test cassette enables you to set 
up .VU level, head azimuth and tape speed. Invaluable when fitting new heads. Only £2.70 plus 
VAT, and 50p postage. 

MICROPHONE AMP FOR LHCR 2. A completely sag-contained and screened stereo microphone 
amplifier is now available for the Linsley-Hood cassette recorder 2 deck. This useful unit may of 
course be used for any application requiring a low-noise high-quality microphone input. Gain 
may be independently set on both channels to suit many different types of transducer. Input is by 
stereo jack socket. Complete kit of parts only £8.70 plus VAT, and post. 

HART TRIPLE-PURPOSE TEST CASSETTE TC1 
One inexpensive test cassette enables you to set up VU level, head azimuth and tape speed. 
Invaluable when fitting new heads. Only £2.70 plus VAT. and 50p postage. 

MICROPHONE A MP FOR LHCR 2 
A completely self-contained and screened stereo microphone amplifier is now available for the 
Linsley-Heed cassette recorder 2 deck. 
This useful unit may, of course, be used for any application requiring a low-noise high-quality 
microphone input. Gain may be independently set on both channels to suit many different types 
of transducer. Input is by stereo jack socket. Complete kit of parts only £8.70 plus VAT, and post. 

Reprints or original Articles from H  News, 50p. Post free. No VAT. 
Reprints of MOSFET article 25p. No VAT. Post free. 

TOP LOADING HI-Fl CASSETTE DECK. Very limited quantity of British-made Thorn 4499 top 
loading decks fitted with stereo R/P head. 3 digit re-settable counter. 12-volt electronic speed-
controlled motor and auto stop read. 
Very special price £12.99 complete with top cover and cassette door. Post, etc., £1.50. VAT. 
£2.34. 

UNSLEY-HOOD PEAK DRIVE INDICATOR. A very useful device, connected to loudspeakers giving 
a 4-digit readouts of peak power delivered for the protection of both the loudspeaker and the 
perceived quality of sound. Gives instant indication even for peaks of only 5 microseconds 
duration. Unit uses CMOS technology, is self-contained and battery powered. Complete kit except 
batteries, only £17.40 plus VAT. 
Reprint of Article 250. No V.A.T. Post free. 

CASSETTE HEADS 
HS16 SENDUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permalloy. Higher output than 
Ferrite. Fantastic frequenc response. Complete with data  £8.20 
HC20 Stereo Permalloy R/b head for replacement uses in car players. etc  £4.25 
HM90 Stereo R/P head for METAL tape. Complete with data  £7.20 
H561 Special Erase Head for METAL tape   f4.90 
1524 Standard Ferrite Erase Head  £1.50 
4-Track R/P Head. Standard Mounting  £7.40 
R4/34 2/2 (Double Mono) R/P Head. Std. Mtg  £4.90 
ME151 2/2 Ferrite Erase. Large Mtg  £4.25 
CCE/8M 2/2 Erase Std. Mtg  £7.90 

All prices plu• VAT 

tee oes .),94 
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Thurlby  A bench power supply system that meets today's needs 
Thurlby PL Series Single, Dual and Triple Output Units 

Prices fro m around £100 

• Simultaneous digital metering of voltage and current. 

• Twin 3% digit (4000 count) meters with 1/2" LED displays. 
• 0.1% accuracy, Resolution of 0.01 volts and 0.001 amps. 

• True constant voltage or constant current operation. 

• Current Limit can be set precisely without shorting the output. 
• Remote sense facility for maintained precision at high currents. 

• Designed to rigorous quality and safety standards. 

Full data and distributor list from Thurlby Electronics Ltd. 
Coach Mews, St. Ives, Cambs. PE1 7 4BN Telephone: 0480 63570 
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COMPUTER WAREHOUS 
RAM AND EPROM NEW LOW VAT INCLUSIVE PRICES 

2716 5v Rail  £9-50 
2716 3 Rail  £8-50 
2708 450 NS  £4-50 
2708 ExEquip £2-25  TMS4030JL 30ONS 4100 DYN 8 for £ 9-95 

All devicesfull spec. and guaranteed. Bulk enquines welcome. 

TELETYPE ASR33 
I/O TERMINALS 

1235  ++ cVAATR 

Fully fledged industry standard ASR33 data ter-
minal. Many features including: ASCII keyboard 
and printer for data I/O, auto data detect circuitry, 
RS232 serial interface, 110 baud, 8 bit paper tape 
punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage. Sup-
plied in good condition and in working order. 
Options: Floor stand £12.50 + VAT 

Sound proof enclosure £25.00 + VAT 

EQUIPMENT CASES 
GIVE 
YOUR 
M.P.U. 

A HOME 
ONLY 
£9,95 
too pp 

Superb professional fully enclosed, made for the 
G.P.O. to the highest standard, offered at a 
fraction of their original cost they feature 
aluminium sides, hinged removable front panel, 
which can be secured by 2 screws to prevent 
prying fingers. All are finished in two tone G.P.0 
grey and although believed brand new may have 
minor scuff marks/scratches due to bad storage. 
Dimensions tro x 6%"H x 14%"W 
N ATI O N AL M A1 012 LE D 

é • II 

*12 HOUR 
*ALARM 
*50/60 HZ 
The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price! All 
electronics are mounted on a PCB measuring only 
3" x 1I" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost. Other features include snooze 
timer, am pm, alarm set, power fail indicator, flash-
ing seconds cursor, modulated alarm output etc. 
Supplied brand new with full data only 
Suitable transformer £1.75.  £5.25 

fui  II' 
I 

SEMICONDUCTOR 
'GRAB BAGS' 

4116  200 NS 16KX1 DYN. 8 for £19-95 
2114L-3  300 NS 11(X4 ST.  8 for £22-50 
2102L-3  650 NS 1100 ST.  8 for £ 5-50 

NO W OPEN 
MONDAY-SATURDAY 

9 30-5.30 
ln stock now test equipment, microprocessors, te etypes, 
transformers, power supplies, scopes, sig. gen's, motors, peripheral 

equipment. IC's, tools, components, variacs, keyboards, 

transistors, microswitches, sub-assemblies + thousands d 

other stock lines. Just a mere fraction of our vast range, is 

displayed below: 100's of bargains for callers. 

ICL TERM IPRI NTER  SCOOP PURCHASE 
300 BAUD TER MINALS '12" VIDEO MONITORS 

£325 ++ 

Made under licence from the world famous GE Co. 
The IC L Termiprinter is a small attractive unit with 
so many features it is impossible to list them in the 
space available! Brief spec. as follows; RS232 
serial interface, switchable baud rates 110, 150, 
300, 130 cps), upper and lower case correspond-
ence type face, standard paper, almost silent run-
ning, form feed, electronic tab settings, suited for 
word processor applications plus many mere 
features. Supplied in good condition and in work-
ing order. Limited quantity. 

CONNECT 
DIRECT TO 
YOUR MICRO 

Made by the "BALL MIRATEI: CORPORATION USA 
the CD12 is a self contained, mains powered chassis 
professional monitor. All controls are inbuilt on a 
single PCB with exception of the brightness control 
which can be brought out for external use. Many 
features such as composite video, quoted bandwidth 
of 19 Mhz, superb linearity and definition make this a 
must for any MICRO/CCTV application. 
Brand new and boxed only  en-. res 
+ carnage £7.50 + VAT.  L Du + VAT 
Input harness, brightness pot and connector £2.50 
+ VAT. Dimensions 9"H x 111) x 110/1/ 

HURRY WHILE STOCKS LAST 

EX 
STOCK S O FTY 

EPROM BLOWER 
Software  development  system 
invaluable tool for designers, hobby-
ists, etc. Enables open heart surgery 
on 2716, 2708 etc. Blows, copies, 
reads  EPROMS  or  emulates 
EPROM/ROM/RAM in situ whilst 
displaying contents on domestic TV 
receiver. Many other features. £115 
+ carr. + VAT. Optional 2716, 2716 
Function Card £40 + VAT. PSU £20 

+ £1.50 carr. + VAT 
Write or phone for more details. 

STA 
3K x 8 RA 

IC 
CARDS 

BRAND NEW PCB organised as a 3K x • 
8 page memory with 24 socketed 2102-L 
650es Rams, 4 Eprom Sockets and 16 
TTL Chips for decoding. All IC's guaran-
teed. 

Complete with circuit only 

£24.50 + .75 P.P. 
Dimensions 264 x 195mm. 

0.1" connector. 

OP PRESS - STOP PRESS - STOP PRESS - ST 

STEP INTO THE 80's EX 
srocK 

WITH TO MORRO W'S W ORLD TECHNOLOGY TODAY 

The "TANTEL" Post Office approved 

PRESTEL-VIEWDATA ADAPTOR 
At last this amazing piece of micro technology is available at a price you can 
afford. Just connect to the aerial socket of any colour or black and white 
domestic TV receiver and to your Post Office installed jack socket and you 
are into the exciting world of PRESTEL. Via simple push button use you are 
able to view a staggering 170,000 pages of up to the minute information on 
many services and utilities, order goods from companies, even play 
games!! All this and more without ever leaving your armchair! 

ONLY £170 1£ 5Scrcl £191.50p 

Note: When ordering please give the address and telephone number where the Tantel 
adaptor is to be used, we will arrange at details with the Post Office for installation of the 

lack socket Inorm uy within 7 daysl 

MEMOREX/B 
7 MB HARD DI 

DRIVES 

SF 
. K 

Model 630-1B disk drives by Memorex BASF, TTL 
signals in and out, high speed, IBM 2311 compat-
ible. Sold in good condition but unguaranteed. 

£175.00 + VAT 
BUYERS COLLECT 

SecondhjanYlSchTassilis 9" Blue-
best  mains  powered  video 
monitors,  composite  video 
input with inbuilt 5v 3 amp DC 
P.S.U. Tested, but ung uaran-

teed 

£39.99 + £7.50 carriage 
Co mplete with circuit. 

MANUFACTURERS 
ONLY 

100,000 EX STOCK Miniature 
relays continental  series  by 
Keyswitch,  etc.  all  contact 

forms all impedances. 

CALL FOR Q UOTES 

1:11eilallliikvallir SU" 

The PSU to end all your MPU/LAB requirements, 
made by "VVeir" Electronics at over £200.00. The. 
supply features full regulation, current limit, and 
overvoltage protection on all 7 outputs, just look at 
the spec. 
+5v @l2 amps, +5v @4.5 amps, +5v @ 4 amps, 
+30v @ 2 amps, +12v @ 2.5 amps, -12v @ 2.5 
amps and -9v ®1 amp. 
A superb unit supplied in two grades, complete 
with data. 

Brand New, Fully Tested 
Used and Untested 
Carriage and Insurance 

£59.99 

£39.99 
£7.50 

WE'VE BOUGHT ANOTHER SHIPMENT! 
S AVE O VER rI 300!! 

DZM 180 CPS HIGH SPEED 

Arnazing value mixed semiconductors, include 
transistors, digital, linear IC's, Macs, diodes, bridge 
recs. etc. etc. All devices guaranteed brand new, full 
spec. with manufacturers markings, fully guaranteed. 

50 + BAG £2.95 100 + BAGS £5.15 

I lààli J!1111, 
Keep rube equipment Cool and Reliable with our tested ea-equipment 
"Muffin Fans' almost silent running and easily mounted. Available in 
two voltages. 110 VAC. E5.05. pp 90p OR 240e A.C. £8,15-i-pp 
90p DIMENSIOUS  4i- a 13 . 

LE CTRONIC 
CO MPONE NTS 

EQUIP ME NT 
66%, 
DISCOUNT 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of IC's, Transistors, 
Relays, Cap's., P.C.B.S, Sub-assemblies, Switches,, 
etc. etc. surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by weight 

I2.5kb f 4.75+pp f1.25  5kls f 6.75+pp £1.80 

10Ids f11.75+pp f2.25  20Ids f19.99+pp f4.75 

MATRIX PRINTERS 

NOW ONLY 
£499 + Carr 

This must be one of our greatest bulk 
deals, this fabulous printer is listed at 
over £1800 and judging by the 
construction we are not surprised. 
Made under license from the 
LOGABAX Co. the DMZ180 is an 
exceptionally sturdy  speed 180 cps 
matrix printer, capablB  of printing up to 
132 characters per line on standard "Fan Fold" sprocket fed paper. A 
precision 7 x 7 matrix head using ruby bearings, gives a clear 
concise type font. Many other features include internal buffer for 
high throughput, standard ink ribbon, software controllable form 
and tab functions, standard "CENTRONICS" ASCII parallel interface 
etc. etc. 
Optional extras Floor Stand £30.00 + VAT, Paper Stand £18.00 +VAT 

. .  - 
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ELECTRONICS 
Dept W.W. 64-66 Melfod Rd., Thornton Heath,  M AIL ORDER 
Croydon, Surrey. Tel: 01-689 7702 or 01-689 6800  INFOR M ATION 

Unless otherwise stated all prices inclusive of V.A.T. Cash with Order. Minimum 
order value £2.00. Prices and Postage quoted for UK only. Where post and 
packing not indicated please add frOp per order. Bona Fida account orders 
minimum £10.00. Export and trade enquiries welcome. Orders despatched 
same day where possible. Access and Barclaycard Visa welcome. 

RILI1 FULLY C ASCII C 
KEYBOARDS 

SED 
I DED 

Straight from the U.S.A. made by the world famous R.C.A. Co., the 
VP600 Series of cased freestanding keyboards meet all require-
ments of the most exacting user, right down to the price! 
Utilising the latest in switch technology. Guaranteed in excess of 
5 million operations. The keyboard has a host of other features 
including full ASCII 128 character set, user definable keys, 
upper/lower case, rollover protection, single 5V rail, keyboard 
impervious to liquids and dust, TTL or CMOS outputs, even an 
on-board tone generator for keypress feedback and a 1 year full 
R.C.A. backed guarantee. 
VP501 7 bit fully coded output with delayed 
strobe, etc. 
VP611 Same as VP601 with numeric pad. 
VP6M Serial, RS232, 20MA and TTL output, with 
6 selectable Baud Rates. 
VP616 Same as VP606, with numeric pad, 
Post, Packing and Insurance. 
ORDER NOW OR SEND FOR DETAILS. 

£43.95 
£54.95 

£60.95 
£72.50 
£1.95 

5v D.C. POWER SUP PLIES 
Following the recent "SELL OUT" demand for our 5v 
3 amp P.S.U. we have managed -to secure a large quan-
tity of ex-computer systems P.S. U's with the following 
spec.; 240 or 110v A.C. input. Outputs of 5v @ 3-4 
amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The 5v and 
7,2e outputs are fully regulated and adjustable with 
variable current limiting on the 5v supply. Unit is self 
contained on a P.C.B. measuring only 12" x 5” x 3". 
The 7.2v output is ideal for feeding "or board" regu-
lators or a further 3 amp LM323 K regulator to give an ' 
effective 5v @ 7 amp supply. 
Supplied complete with circuit at only £10.95 + £1 .75pp. I 
Believed working but untested, unguaranteed. 

W W-081 FOR FURTHER DETAILS 
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BE PREPARED WITH 

THIS DETECTOR 

Recommended tor 
General use. • o n 

DEFENCE• _L 

SERVICES • MED CA 

VIEW 
THRU 
LENS 
111,1,11111 111111 

• THIS DOSIMETER WILL AUTOMATICALLY DETECT 
GAMMA AND X-RAYS. 

MI UNIT IS SIZE OF FOUNTAIN PEN AND WILL CLIP IN 
TOP POCKET. 

II PRECISION INSTRUMENT, METAL CASED, 
WEIGHT 2oz. 

IN CONTAINS 3 LENSES. • RUGGED CONSTRUCTION. 

• MANUFACTURERS CURRENT PRICE OF A SIMILAR 
MODEL OVER £25 EACH. 

British design and manu-
facture. Tested, calibrated 
and guaranteed. Ex-stock 
delivery by return 

Be prepared, 
buy whilst available 

Homeys' 

rOMPLUIE 
VVITH 
DATA 

Standard m odel 

0-5 or 0-5 0R 

ONLY 

ti 95 
w• inc.VAT 

PoSt & Packing 60p 

404 EDGWARE ROAD, 
LONDON W2 1ED 

Visual monitoring of anything, 
anywhere, by phone, in seconds, 
with Robot Phoneline TV. 
RobOt's Phoneline TV systems provide a low-cost, efficient solution to 
the problem of visually monitoring remote installations, meters, gauges, 
traffic, weather, water levels, or any subject, large or small. El The 
Phoneline TV equipment works well with standard CCTV equipment and 
converts the broadband video signal from the camera to narrow band 
audio tones for transmission via the dial telephone network or voice 
grade radio, then to a video signal again for display on a monitor at the 
receiving end. The entire process takes as little as 8.5 seconds and costs 
only the amount of the phone call. r] Since one or more cameras can be 
fed to one or more monitoring stations for viewing sequentially or 
simultaneously, and since the system can be fully automated, there is an 
almost infinite number of PLTV system configurations possible. C1 
Permanent storage is available by recording the transmissions on audio 
cassette tapes. D For fast, uncomplicated, inexpensive visual monitor-
ing of any subject anyplace, Robot Phoneline TV is the answer. [11 Write 
or call for more information 
and descriptive literature. 

Robot (UK) Ltd., Building 33, 
East Midlands Airport 
Castle Donington, Derby DE7 2SA 
Tel: (0332) 812446. Telex: 37522  ROBOT RESEARCH INC 

World Leaders in Phone Line Television and Image Processing Syste ms 

W W - 048 FOR FURTHER DETAILS 
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The larger catalogue 
that means 

FREE POSTAGE 
IN U.K. 
• 

ADDITIONAL 
DISCOUNTS 

• 
GUARAIffEED 
SATISFACTION 

• 
GOOD STO UR - 
GOOD DELIVERY 
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LARGER 

PAGES 

Semi-Conductors • I.C.s • Opto-
devices • Rs and Cs in great variety 
• Pots • Switches • Knobs • 
Accessories • Tools • Materials • 
Connectors 

ELECTROTAitli LTD. 

(W W2), 28 St. Jude's Road, Englefield Green, Egham, Surrey (London 87) STD 0784. 
Phone: 33603 (London 87) STD 0784. Telex 264475 

NORTHERN BRANCH (Personal Shoppers Only): 680 Burnage Lane, Burnage, 
Manchester M 19 1 NA. Phone (061) 432 4945 

Close Encounters of 
the Capacitor kind 

The Eurofarad close tolerance Capacitors 
are worthy fit your close examination and 
consideration. They are quality precision 
components made for the professional market. 
(Eurofarad is a CECC approved manufacturer) - 
and Pascal), as UK agent, offers the full Eurofarad 

range of professional capacitors. 
Send for details today to:  • 

L E 

crqc approved stockist 

Pascall Electronics Li mited 
Hawke House, Green Street, 
Sunbury-on-Tharnes, 
Middlesex TWIG 6RA 
'Telephone: 109327) 87418 Telex: 8814536 

Range includes: 
Multiplate ceramic capacitors 
Ceramic chip capacitors 
Microwave chip capacitors 
Polypropylene capacitors 
Mica capacitors 
Teflon capacitors 
Polyester capacitors 
Polycarbonate capacitors 
Polysulphonate capacitors 

the best e ontcS 
reselse"-esoss Sa.--  .310.edett  

UK agent for: 

W W'- 083 FOR FURTHER DETAILS 
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A L W A YS - 
A CHANGING RANGE OF OSCILLOSCOPES, COMPUTERS,  TER-
MINAL ETC. 

Item No. 
1 TEKTRONIX STORAGE OSCILLOSCOPE Type 434 Current Model. As 
new. 12 months warranty (No warranty El 400)  £1,850 
2 TEKTRONIX STORAGE OSCILLOSCOPE type 564 with 3A6 & 384 
3 HAMEG OSCILLOSCOPE type 412. Dual Trace 20 MHZ 
4 TELEQUIPMENT OSCILLOSCOPE type D61A. Dual Trace 10MHZ 
5 SCOPEX OSCILLOSCOPE type 4010. Dual Trace 10MHZ 
6 HEWLETT PACKARD OSCILLOSCOPE type 120B. IX-Y) 
7 MARCONI WAVE ANALYSER TF2330. Good condition 
8 AVO UNIVERSAL BRIDGE 13150 with adaptor A151 
9 ADVANCE SIGNAL GENERATOR type E2 10 0KHZ-100MHZ . 
10 13 & K AUTO VIBRATOR EXCITER CONTROL type 1018 
11 SOLARTRON Digital Voltmeter type LM1450 
12 SOLARTRON PULSE GENERATOR type 001101.2 
13 ADVANCE V.H.F. Millivoltmeter type VM79 - No probes 
14 ADVANCE A.F. SIGNAL GENERATOR type J2 
15 KNIGHT RF Sig Gen KG686 with Sweep Marker Gen KG687. The Pair £90 
16 ADVANCE Audio Signal Generator HiE 15HZ to 50KHZ  £45 
1  £50 
18 LYONS PULSE GENERATOR type PG-2E  £45 
19 COSSOR SINE/SQUARE WAVE GENERATOR 20HZ-1MHZ  £40 
20 AVO UNIVERSAL BRIDGE Type 1  £75 
21 P.S.I. RMS VOLTMETER type A1301  £90 
22 LABGEAR 625 COLOUR MATCH GENERATOR CM 6004-PG  £30 
23 ADVANCE LF OSCILLATOR type SG65A  £75 
24 TAYLOR AM/FM SIGNAL GENERATOR type 62A Mk II  £125 
25 MARCONI UNIVERSAL BRIDGE type TF1313 1/4%  £200 
26 MARCONI WIDE RANGE OSCILLATOR type TF137010HZ-10MHZ  £90 
27 SOLARTRON TRUE RMS VOLTMETER type VM1484  £75 
28 RANK V.H.F. SIGNAL STRENGTH INDICATOR  £25 
29 RACAL COUNTER ELECTRONIC FREQUENCY 32MHZ type 836  £75 
30 WAYNE KERR CAPACITANCE BRIDGE type I3541C  £40 
31 WAYNE KERR COMPONENT BRIDGE type 13121  £45 
32 HEWLETT PACKARD DC CURRENT SOURCE type 61818 0-100V; 
0-250MA  £175 

33 MARCONI SAUNDERS LEVELLING AMPLIFIER type 6587  £175 
34 TEKTRONIX PRE TRIGGER PULSE GENERATOR type 111  £85 
35 RACAL H.F. SELECTIVE ANALYSER type 9056  £375 
36 MARCONI STANDARD SIGNAL GENERATOR type TF144H 10KHZ-
72MHZ  £225 

37 SCHLUMBERGER/SOLARTRON AUTOMATIC COUNTER type FB2602 
£150 

38 BRANDENBURG PHOTOMULTIPLIER POWER owl' 0-2500Volts  £90 
39 SCHLUMBERGER/SOLARTRON COMPUTING VOLTMETER type JM1776 

£90 
40 HEWLETT PACKARD AC CONVERTOR type 3461A  £90 
41 MUIRHEAD WAVE ANALYSER K-134-A 30-310HZ  £50 
42 PHILIPS COMPARATOR 278KHZ  £50 
43 HEATHKIT CAPACITOR CHECKER IT-28  £25 
44 HEWLETT PACKARD DIGITAL VOLTMETER type 3440A  £60 
45 HEWLETT PACKARD FREQUENCY CONVERTOR type 8729A  £130 
46 RACAL AUTO FREQUENCY CONVERTOR type 8035 500MHZ  £35 
47 AIRMEC ELECTRONIC VOLTMETER type 314A  £75 

£250 
£200 
£170 
£120 
£150 
£80 
£40 
£50 
£20 
£40 
£35 
£25 

241 Accuracy +/- 0. 55% o r 1 my 

48 VARIAN RUBIDIUM FREQUENCY STANDARD 100KHZ/1MHZ/5MHZ 
£600 

NM-52A 375.1000MHZ (2 pieces/  £250 

49 KEITHLEY INSTRUMENTS REGULATED HIGH VOLTAGE SUPPLY TYPE 

50 T.O.A. ELECTRONIC  POLYRECORDER type EPR-2T  £90 

£275 
52 TAYLOR VALVE TESTER type 45D 

51 STODDARD AIRCRAFT Radio Interference and Field Intensity Meter type 

£45 

S  £120 

53 RHODE .a„, 
/ 
SCHWARZ UHF TEST RECEIVER BN1523  280-940 MHZ 

£4.5 545 R tt S ZLingbDalAlan I  da RcecRAR Selta3nW-2 r AT  0 ed CIEMFI NZURANT356 R2 £85 5 R  BN18042/50 

57 R S 6 R :S DVIHRFE-CTUHCFAFPRAITA  FREQUENCY M ETER N 
M ETER 390-35020001M HZ B N442  £60 

5   £50 
£75 

SOLARTRONLART8oN  DDIGGFITTAALL VVOOLLTT5MIETERR tYyppeo 

5588 BW&AYKNHEETKEERRRODUYNNIVEEVROSLATLMBERTIDEGREwtpyepe201305521  (CT375) 
£250 

60 HEWLETT PACKARD CUP ON DC MILLIAMPMETER type 428A with 
probe  £70 

61 SOLARTRON DIGITAL VOLTMETER type LM1420.2  £30 
6632 11846270.2 with Mean AC Unit £35 

£55 

65 JARROLD SWEEP GENERATOR 20-112 MHZ  £225  
64 MARCONI SIGNAL GENEFLATOR type TF995A/3/S ICT402) 

£40 

68 COSSOR NOISE LEVEL METER CT454 

66 HEWLETT PACKARD VALVE VOLTMETER type 412A  £35 
67 HATFIELD SELECTIVE LEVEL METER type 1001 £90 

69 HEATHKIT DECADE RESISTANCE BOX DR1U  £18 £10 
70 MARCONI VARIABLE ATTENUATOR type TF1073A/S (CT421)  £4.0 
71 ROCHAR UNIVERSAL COUNTER TIMER ty pe A1149 
72 WAYNE KERR UNIVERSAL BRIDGE type  8221  VOLTMETER t 

£40 
£50 

75 CLARE FLASH TESTER type 01038 
74 SIGNAL GENERATOR type CT3440.1HZ-10MHZ 
73 WAYNE KERR AF SIGNAL GENERATOR type S121 10HZ-120KHZ  £60 

76 MARCONI RF ATTENUATOR type TF1073A  £35 

£30 

78 TELONIS SWEEPER 450 900MHZ 
77 HEATHKIT VALVE MILLI VOLTMETER AV-3U  (15 £15 

79 COSSOR SWEEP OSCILLATOR type CT202  £55 
80 WEIR DIGITAL VOLTNIETER type 500 Mk 3  £35 £20 
81 AIRMEC AM/FM SIGNAL GENERATOR type 204 1-320MHZ  £130 
82 HATFIELD TRANSISTORISED SELECTIVE LEVEL METER SPO 7820  £90 
83 S.T.C. LEVEL MEASURING SET type 74309B 
84 AVO TRANSISTOR ANALYSER type CT446 

£90 
£30 

85 SIEMENS SUPERHER RECEIVER 30HZ-1MHZ  £35  
86 R & S MICROWAVE POWER METER EIN2412/50 0-3200MHZ  £60 
87 ADVANCE SIGNAL GENERATOR 54B 100KHZ-100MHZ  £25 
88 HEWLETT PACKARD DIGITAL RECORDER type 50508  £25 
89 BRYANS X-Y PLOTTER - No pen £75 
90 ADVANCE X-Y RECORDER type HR100 - No pen  £60  
91 MARCONI DOUBLE PULSE GENERATOR type TF1400/S  £50 
92 RADIOMETER WAVE ANALYSER type FRA 2Ct3A 30HZ-16KHZ  £80 
93 R & S RESONANCE FREQUENCY METER 13N4312/2 30-300MHZ  £70 
S.T.C.94 OSCILLATOR type 74305A  . £70 

95 WAYNE KERR VIDEO OSCILLATOR type 02213 10KHZ-10MHZ £30  
96 HATFIELD PSOPHOMETER Drg 657167A   
97 TEKTRONIX SAMPUNG OSCILLOSCOPE type 661 with, 4S1 Vamp & 
571A TB.  £275 

98 HEWLETT PACKARD MEMORY DISPLAY 5480A with 54136A Control TO 
and 54135A two channel input  £225 

99 E.H.T. Unit 230 Volts 50 cs 25VA 7.5KV  £18 
100 AVO VALVE CHARACTERISTIC METER  £20 

PLEASE CHECK AVAILABILITY BEFORE ORDERING 

CREED MODEL 75 
Printer with keyboard. Late model 

Still the cheapest way to get a printout 
from your microprocessor. Basic data and 
connections supplied. 

Used, good condition 

ONLY £25 each 
As new, Ministry boxed £40 each 

RACAL SA520 
Frequency counter. Small co mpact unit. 

£15 each 

INFRA RED IMAGE 

CONVERTER Type 9606 
(CV 144) 

13/4 in dia meter. Requires single low cur-
rent 3KV to 6KV supply individually boxed. 
With data. 

£12.50 each 
Infra Red La mps also advertised 

FERRET A.T.E. 
£650 

Phone for details 

VARIAN RUBIDIUM STANDARD 
Model R20. 5mhz, 1mhz, 0.1 mhz 

£600 

EX-MINISTRY SOLID STATE 
400 HZ INVERTOR 

28 VDC input, 115V output. Size 7 x 21/2  x 
15in approx. Connection details supplied. 

£18 each. P&P £2 

CONVERT THIS UNIT TO A 

SUPER BATTERY CHARGER 
Attractive green ministry quality case with re mova-
ble top and botto m plates - heavy duty power 
switches, high powered resistors to control current, 
good quality centre mounted amp meter, strip of 
wing nut terminals on front panel which can be 
used for connecting leads. All this for £3.50. P&P 
£2. Four units £12. Carriage £5. 

STEPPING M OTORS 
6/12 position with additional where the rotor is 
coils. Device can be used as a tacho. Diagra m 
supplied. Will actually work on 5 volts. 12/24 

recom mended. 
£1.50 each P&P 75p 
or 5for £5 P&P 11 50 

SO ME TEKTRONIX 500 
RANGE OSCILLOSCOPES 
with Single Trace Plug-ins. Working. 

Fro m £100. Phone for details 

DIODES 
All ne w full spec. devices 
IN3063 BAX 13. 1S44, 1N4148; 
1N3470; 1N4151. 
100 off £1.50, 1,000 off £10 

TRANSISTOR INVERTOR 
115V AC 1.7 Amp Input. Switching is at 
20Khz. Output windings fro m Pot Core. 
Can be re wound to suit own purpose or 
unit can be broken for host of co mponents. 
Circuits supplied. 

£1.25 each. P&P £2. 

STEPPING M OTORS 
200 Steps. 20 oz/in. torque, 12/24 volt input 4-wire. 

£12 each. P&P £1.50 

KEYBOARD PAD 
Size 3x21/2x2" high with 12 Al ma Reed Switches. 
Blue keys marked in green 0-9 and a star with one 

blank.  £4 each, P&P £1, or 5 for £15 P&P £2. 

MINIATURE KEYBOARD 
Push contacts, marked 0-9 and A-F and 3 optional 

function keys. £1.75 each. 

r CRYSTALS  50p each.  
I Flat metal case - 19.2KHZ; 844.8KHZ; B7G - 10MHZ. 

LOUDHAILERS. Transistorised hand-held, no leads. Standard 
internal batteries supplied. Howl Switth £20 at. P&P £2 
INFRA RED QUARTZ LAMPS, 230V 620 Watts. Size 1312" x 
let dia. £1.50 ea. 240V 1650 Watts. Size 223/4" x 1,2" dia,, £3 
ea. 
BRIDGE RECTIFIER. 2 Amp 50p ea. 
PHOTODIODE DETECTOR 4" fly leads, 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 
spacing, 15p ea-
I.S.C. Standard MAINS LEAD. Moulded (3 vertical flat pins 
centre offset) 60p ea. 
FANS. 115V 13 Watts. Size 31/4 x 31/4 x 112" BRAND NEW. 
£4.50 ea. Secondhand £2.50 ea. 
DELAY LINE. 50 nanosecs. 3 connections - ground-in-out 
Size 2 7/16 x5/16" New 25p ea. 
MOTOR 12V DC with pulley and integral semiconductor. 
Speed Control. Newel ea. 
LEI5pD.EX.. ROTARY SOLENOIDS. 115V DC. No switch assembly, 

DIAMOND H CONTROLS ROTARY SWITCH. 51-4 a pole 10-
way Printed Circuit Mount, New 10p 44 ,00 rot £7.50 

PULSE- TRANSFORMER. Sub min Size '1/2  x  x 
Secondary centre tapped New 20p ea. 
REMO TV TYPE MULTIPLIER. Two high voltage outputs and 
focus, El each. 
DON'T TAKE CHANCES. Use the proper EHT CABLE, 10p per 
metre or £750 per 100 rnetrwdrum. P&P £2. 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap 75p 
ea. Box of 12 E550. P&P el 50 
RAPID DISCHARGE capacitors 8mfd 4 kV £5 each. P&P £2. 
MYSTERY IC PACK, Some 40 pin - good mixture - all new 
devices. 25 ICa for Et. P&P 50p 
DECOUPUNG CAPACITORS 
005mfd 10V; 0 01 mrd: O 047mfd 250V; 33K, 330pf. All values 
100 for £1.50. 
EMT. CapecItor 500pf 8KV 20p each. 
10-way MULTI COLOUR RIBBON CABLE New 40p per metre. 
10 mounter £3. 
GEC UHF 4-button tuner £1.50 each. 
CENTAUR 115V FANS 412 x 4 x 112" £4.50 ea. 
EX.USED ego ipment, tested. 60p each 
CONTACTORS. Heavy Duty 240 DC 5 make El each. 
GEC UHF/VHF 6-button tuner £2 each. 
9314 PHOTO MULTIPLIER T2 each. P&P ft. 
SANCO 250V 18A THERMOSTATS wttli Cortrol knobs cali-
brated 50 200 dearer Cf.2 50 each. 
SOLID STATE UHF TUNERS. 30 acs £1 each. 
BRAND REX blue woe wraps 30 metres for El. P&P 25p. 
SLIDER CONTROL 500K Log. Single track. Complete with 
Scab Length 312 ' 25p eech. 
TRANSFORMERS 

:31;711214p eu ';"esf ;.à16,7ezoee,112.2x5e.ctoPo8c1Pq€u14;. 
£1.50 es. P&P £1 
240V input Soc 12V 0.92A, Size 212  2 x 2". Good quality, 
£1.50 ea. P&P £1 
240V Input 12V 100MA Sae 60 x 40 x 42mm. 50p each. 
240V input Soc 12.0-12V 50MA Size 53 x 45 x 40mm. El ea. 
115V input. Soc 5V 250MA Size 1 11/16 x 1.5 x 11/4". 2 for 
50p. 
115V input. Sec 10-0-10V1A. Size 212 x 2 x 2", 2 for £1.50. 
SEMICONDUCTORS 
1N4005 - 5p; 1N4002 - 3p. 
At 5p each: 
BC147, BC1486, BC157, BC158, BC237, BF197, 0A90, 0A81, 
BA154, BA243. 
At 25p each: 
TIP31, TIP41A, 2N5£96,  AF139, 2TX341, 
8Y127 10p. BF181 20p; 130239 49p; BD241 40p; MA343AT 
49p; BD228 50p; 80233 & B0234 Comp Pair 25W - 80p per 
pr. et Sep each. 
REGULATOR TBA625 ato 20V in - 5V out 100MA TO5 Con. 
50p each BF256C 20p. 
TV AMPLIFIER TBA 120 20p each. 

Integrated arcults 
7453  Sp  • 74H51  7p 
7451  Sp  74538  10p 
7402  12p  74502  12p 
7476  201,  74154  70p 
7495  35p  74CO2  16p 
74C00  17p  74C04  18p 
74H74  12p  74C74  18p 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p each. Gold 
plate tester version 50p each. 
EPROMS 2708 £5.50 each. 
ELECTROSTATIC VOLTMETER. 7.5KV £8 ea. P&P £1.50. 
Other ranges available - please enquire. 
TRIMMERS. Sub min. 0.25 to 1.25 pf. 1 to 4.5 pf. 7 to 45 pf. All 
et 6p each. 
HONEYWELL humidity controllers 50p each. 
THYRISTOR TIMER. Solid State. 15 secs adjustable (reset) in 
plastic relay case. Standard 7-pin base. Series delay 50p each. 
MINIATURE PC MOUNT SLIDE SWITCH, 2 pole 2 way 10p 
each. 
4 DIGIT 7 SEGMENT per digit plus a figure one to the left plus 
a centre minus sign to the left of the figure one with decimal 
places between digits. Good brilliance at 1.5V. 15 connections 
£2.50 each. Some E.H.T. Transformers and Capacitors avail-
able. Please enquire. 
TELEPHONES 706 style black; grey or blue £5.50 ea; 746 style 
black or grey £7.50. Older style black £2.50 Inch. Discoloured 
grey 706 £4 ea P&P £1.50 per telephone. 
DC SERVO MOTOR 110V 2.5Amp continuous. Double shaft. 
Brand new. 4 wire. 4 brush £25 ea. Plus carriage. 
PC Mount POTS. Wire wound with knob 200 ohm & 1005m. 
1 Op ett. 
MIN. RELAY 24V. 2 pole c/o. Brand new. 75p each. 
TIME DELAY RELAY 0.1 to 10 secs. 115V AC. DPDT. £5 each. 
CAPACITORS at 5p each. 0.1uf 400V. Small rec. block PC 
Mount German class; 3300pf; 22Onf250V; 0.01mfd 160V. 
INSERT can be used as Microphone/Earpiece (Like used as 
insert in telephone but superior quality) Ex-Min. Brand new 
wrapped 75p each. or 10 for £6. 
TOROIDAL TRANSFORMERS, Input 0-120-240 Volts. Output 
0-12V; 0-12V. 10VA per winding. Encapsulated - identical to 
RS. Components at £8.90. OUR SPECIAL PRICE £5 ea. P&P 
£1.50. 
TANTALUM CAPACITORS -All at 10p each - 100 off £7.50. 
22mfd 6V; 39mfd 10V; 22mfd 35V; lrnfd 35V. 
MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each, 
10 off 90p. 
HEAVY DUTY RHEOSTAT. 7.505m 5.5Amp. Diameter 5". 
Standard 1/4" shaft £2.50 each. P&P £1.50. 

75325  £1 
5N15862  4p 
MC4028  69p 
7417  14p 
7441  40p 
74C86  50p 
74C161  24p 

LARGE EX-MINISTRY SPEAKERS. OUTSIDE 15 ohm or 
500 ohm. Tested. £25 each or 5 for £100. 

MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £1.50 - where P&P not stated please use own discretion - excess refunded. 
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED TO ALL ORDERS. 
CALLERS VERY WELCOME STRICTLY BETWEEN gam-1pm and 2-5pm Monday to Saturday inc. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

11.,  E A • LTD 
NORWOOD ROAD, READING  TELEPHONE NO. READING 669656 

(2nd turning left past Heading Technical College in King's Road then first right - look on right for door with "Spoked Wheel") 
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VALVES Minimum 
"Order £1 

A1065  1.40 
62293  8.80 
A2900  12.80 
AR8  0.75 
ARP3  0.70 
ATP4  0.60 
13121-1  3.90 
CY31  1.40 
DAF96  0.70 
DET22  26.95 
DF96  0.70 
DK96  1.20 
DH76  0.75 
0192  0.80 
DY86/87  0.65 
DY802  0.70 
E55L  14.90 
E88CC  190 
EB8CC/01 3.10 
E92CC  1.20 
E180CC  2.80 
6180F  6.30 
E182CC  4.95 
EA76  2.25 
EABC80  0.60 
EB91  0.60 
EBC33  1.15 
EBC90  0.90 
EBF80  0.60 
EBF83  0.60 
EBF89  0.80 
EC52  065 
EC91  3.40 
EC92  0.85 
ECC81  0.65 
ECC82  0.60 
ECC83  0.65 
ECC84  0.60 
'ECC85  0.60 
ECC86  1.70 
ECC88  0.80 
ECC189  0.95 
ECC804  0.90 
ECF80  0.85 
ECF82  0.65 
ECF801  1.05 
ECH34  2.25 
ECH35  1.70 
ECH42  1.20 
ECH81  0.70 
ECH84  0.80 
ECL80  0.70 
ECL82  0.75 
ECL83  1.40 
ECL85  0.80 
ECL86  0.90 
EF37A  2.15 
EF39  1.80 
EF80  0.65 
EF83  1.75 
EF85  0.60 
EF86  0.75 
EF89  1.05 
EF91  1.50 
EF92  2.90 
EF95  0.65 
EF96  0.60 
EF183  0.80 
EF184  0.80 
EF804  4.95 
EF812  0.75 
EFL200  1.85 
EH90  0.85 
E132  1.10 
E134  1.80 

2.90• 
EL37  4.40 
EL81  2.45 
E182  0.70 
5194  0.80 
E186  0.95 
EL90  1.00 
EL91  4.20 

VALVES VAT 
IS INCLUDED, 

E195  0.80  COV03-20A  6AB7  0.70 6X5GT  0.85 954 
EL564  1.70  14.40  6AC7  1.15 6Y6G  0.90 955 
E1509  2.70  QQV03-25A  6AG5  0.60 674  0.70 956 
EL802  1.70  21.20  6AH6  1.15 767  1.75 957 
EL821  8.20  QQV06/40A  6.445  0.65 7Y4  1.25  1625 
E1822  9.95  16.10  6AK8  0.80 9D2  0.70  1629 
EM31  1.60  0V03-12  4.20  6AL5  0.60 906  2.90  2051 
EM80  0.85  SC1/400  4.50  6AL5W  0.85  10C2  0.85 5763 
EM81  0.85  SC1/600  4.50  6AM5  4.20 10E18  0.70 ça42 
EM84  0.85  SP61  1.80  6AM6  1.50 10P13  1.50  5881 
EM87  1.30  1721  16.50  6AN8A  2.50  11E2  19.50  5933 
EY51  0.95  U25  1.15  5404  3.40  12A6  0.70 6057 
EY81  0.65  U26  1.15 6A(1.5  1.00  12AT6  0.70  6060 
EY86/87  0.60  U27  1.15 6AQ5W  1.80 12AT7  0.65 6064 
EY88  0.65  U191  0.85  6AS6  1.15  12AU7  0.60  6065 
E280  0.70  U281  0.70 6AT6  090  12AV6  0.95  6067 
EZ81  0.70  U301  0E6  6AU6  0.60 12 M7  0.65  6080 
GM4  5.90  U600  11.50 SAV6  0.85  12BA6  0.90  6146 
GY501  1.30  U801  0.90 6AX4GT  1.30 120E6  1.25  61466 
GZ32  1.05  UBC41  1.20 6AX5GT  1.30 12067  1.10  6360 
6733  4.20  UABC80  0.75 6BA6  0.55  12C8  0.05  6550 
GZ34  2.30  UAF42  1.20 60E6 
'GZ37  3.95  UBF80  0.70 6B06G 
KT66  6.30  UBF89  0.70 6I3J6 

9.20.  UBL21  1.75 6607A 
KT88  13.80.  UCC84  0.85 6BR7 
MH4  2.50  UCC85  0.70 69W6 
ML6  2.50  UCF80  1.30 6B W7 
MX10/01 21.50  UCH42  1.65 6C4 
N78  9.90  UCH81  0.75 6C6 
0A2  0.70  UCL82  0.95 6CH6 
002  0.80  UF41  115 6016 
PABC80  0.60  UF80  0.95 6CX8 
PC85  0.75  UFB5  0.95 SCY5 
PC86  0.95  UL41  2.30 606 
PC88  0,95  UL84  0.95 6EA8 
PC97  1.50  UM80  0.40 6F6 
PC900  1.15  UM84  0.70 6F6GB 
PCC84  0.50  UY82  0,70 6F7 
PCC89  0.85  UY 85  0.85 6F8G 
PCC189  1.05  VR105/30  1.25 6F12 
PCF80  0.80 VR150/30  1.36  6F14 
PCF82  0.70  X66  0.95 6F15 
PCF84  0.75  X61M  1.70 8F17 • 
PCF86  1.50  XR1-6400A  6F23 
PCF87  0.50  8230  6F24 
PCF200  1.60  7759  19.00  6F33 
PCF201  1.65  Z749  0.75  6FH8 
PCF800  0.50  7800U  345  6GA8 
PCF801  1.75  Z801U  3.75  6GH8A 
PCF802  0.85  7803U  16.00  666 
PCF805  2.45  Z9007  2.45  6.14 
PCF806  1.20  1,8.3  0.85  6J4WA 
PCF808  2.05  1L4  0.50  635 
PCH200  1.35  1R5  0.60  6J5GT 
PCL81  0.75  154  0.45  636 

0.95  155  0.45  6J6W 
'CLOS  0.90  174  0.45  637 
PCL86  1.05  1U4  0.80  6JE6C 
PCL805/85 1.25  1X2B  1.40  6JS6C 
P0500/510 4.30  2021  1,10  647 
PFL200  1.10  1.66•  6L6M 

2.80  2K25  11.90  6L6G 
PL36  1.25  2X2  1.15  6L6GC 
PL81  0.85  3,5.4  0.70  6L6GT 
PL82  0.70  3AT2  2.40  61-7G 
PL83  0.60  3D6  0.50 6118 
PL84  0.95  3022  23.00  61_06 
PL504  1.45  3E29  19.00 6L320 
PL508  1.95  3S4  0.60 
PL509  2.90  4032  18.25 6076 
P1219  3.20  5I3/254M 16.90 65 A7 
PL802  3.20  5B/255M 14.50 6SG7 
PY33  0.70  513/258M 12.50 65 J7 
PY80  0.70  6022  29.90 6547 
PY81/800  0.80  5R4GY  1.80 6SL7GT 
PY82  965  5U4G  0.75 6SN7GT 
PY83  090  5V4G  0.75 6567 
PY88  0.85  5Y3GT  0.60 66(17 
PY500  1.70  5Z3  1.50 6Y60 
PV809  6.45  5746  0.75 6V6GT 
PY801  0.80  5Z4GT  1,05 6X4 
00V03/10 2.85  6/30L2  990 6X4WA 

0.60 
0.70 
0.80 
1.05 
1.80 
1.85 
2.90 
4.20 
7.50 
140 
6.90 
2.20 
1.95 
2.30 
3.20 
2.30 
5.30 
4.95 
5.20 
2.86 
6.50 

0.50 12E1  18.95  6870  14.00 
1.60 12J5GT  0.55  8552  8.20 
1.30 12K7GT  0.70  6973  3.30 
0.85 124201  0.80  7199  2.85 
4.80 1207GT  0.60  3BP1  11.00 
6.20 125C7  0.65  5FP7  18.00 
0.90 12567  0.65  4601  32.00 
0.50 12 637  0.70  863  14.00 
0.55 12507  1.45  88L  14.00 
8.20 12SQ7GT  0.86  CV1526  16.00 
1.70 12Y4  0.70  DG7-5  22.40 
3.80 13D3  0.70  D67-32  34.80 
1.15 13 06  0.90  DG7-36  36.00 
0.70 1306  0.80  DPM9-11 3840 
3.20 1457  1.15  013-33GM 
1.60 19AQ5  0.85  41.80 
1.10 1963  11.50 
2.80 1966  8.50  • spec. 
0.85 1965  39.55 
1.50 2001  0.80 
1.15 20F2  0.85 
1.30 20E1  1.30 
1.15 20P1  0.65 
0.75 20P3  0.75 
1.75 20P4  1.25 
10.50 20P5  1.35. 
4.20 25L6GT  0.95 
0.90 25Z4G  0.75 
0.95 30C15  0.50 
1.60 30C17  0.50 
1.35 30C18  2.45 
2.00 30F5  1.15 
2.30 30FL2  1.40 
0.90 30FL12  1.25 
0.65 30FL14  2.15 
0.90 30115  1.10 
1.20 30L17  1.10 
2.95 30P12  1.15 
2.95 30PL13  1.25 
0.80 30PL14  2.45 
2.80 35L6GT  1.40 
2.50 35W4  0.80 
2.10 352467  0.80 
1.25 40406  3.15 
0.65 5005  1.15 
0.70 50CD6G  1.35  IC 
2.95 7501  125 
0.70 75C1  1,70  SN74L73N 0.38 
2.70 76  0,55  5N74746 0.30 
1.30 78  0.55  SN7485N 0.95 
1.00 80  1.70  SN74L85N 1.10 
1.15 85A2  1.40  SN7491AN 0.32 
1.05  2.55.  SN74123N 0.42 
0.95 723A/B  11.90  DM74123N 0.38 
0.85 805  20.70  SN15836N 026 
0.80 807  1.25  SN76013N 1.80 
1.10 813  14.80  SN76003N 1.60 
0.95 8290  14.00  SN76033N 1.95 
1.50 5328.  8.90  MC6800P  8.20 
0.95 86 54  3.60  MC68000P 9.80 
0.75 8666  6,25  MC14511BA1 
2.10 931A  13.80  2.95 

SPECIAL 
VALVES 

4CX 1000A 
4CX 5000A 
BM 251 
BW 153 
DM 2518 
YL 1420 
YL1430 
YL 1440 
GXU 6 
CV1597 
CV2116 
4CX 1500B 
BR 189 
BR 179 
CV 6131 
GM U 2 
7Y4-500 
B4485/5552A 
MIL 5948/1754 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transistors, etc: 
retail 749 3934, trade and export 743 0899. 

PRICES MAY VARY 
TEST SET FT2 FOR TESTING Transceivers A40, 
A41, A42 and CPRC26. 
HARNESS "A" & "8" CONTROL UNITS "A" "R" 
"J1" "J2," Microphones No 5, 6, 7 connectors, 
frames, carrier sets, etc. 
DRUM CABLE continuous connection YC 00433. 

FIELD TELEPHONES TYPE "J". 
Tropical, in metal cases. 

10-LINE  MAGNETO 
SWITCHBOARD. Can work with 
every type of magneto tele-
phones. 

POSTAGE: £1 -£3 45p; £3-£5 55p; 
£5-£10 60p; £10-£15 75p; £15-
£20 90p; over £20 free. 

COLOMOR 
(ELECTR O NICS LTD.) 

170 Goldhawk Rd., London W.12 

Tel. 01-743 0899 
or 01-749 3934 

Open Monday to Friday 
9 a.m.-5.30 p.m. 

SURREY ELECTRONICS 

The Forge, Lucks Green, Cranteigh 

Surrey GU6 7BG. 

Tel, 04866 5997 

PPM3 
drive circuit to IEC268-10A, BS4297, draft 
13554213-9. Unbalanced input. May be used 
in equipment which will be required to 
pass IBA Code of Practice  inspection. 
Aligned and soak tested 7 days arasa kit. 

PPM2 drive circuit under licence from the 
BBC. Balanced inputs. Approved for 
critical progra m me monitoring by IBA, 
EBtJ and BPO. 

SU M AND DIFFERENCE changeover board 

to suit PPM2 or BBC ME12/9, 

PP M BOXES Illu minated mains powered 
single and twin versions. 

ERNEST TURNER high quality movements 
640, 642, 643 and TWIN with flush-mount-
ing adaptors and illu mination kits fro m 
stock. 

Exhibiting at APRS: Stand 31, June 10-12 

Peak Deviation Meter * Progra m me and 
Deviation Chart Recorders " Stereo Disc 
Amplifier 2 and 3 a Moving Coil Prea mpli-
fier • 10 Outlet Distribution Amplifier a 
Stabilizer • Fixed Shift Circuit Boards, 

METALFILM RESISTORS 
1% Tolerance, IA Watt 

ONLY 3p EACH 
Minimum -order £10 

Minimum 5 pos per value 
89 Values (E24) 

1 OOR  1k  1 Ok 
11 OR  1k1  llk 
1200  1k2  12k 
1300  lk3  13k 
15013  1k5  15k 
1600  .1 k5  16k 
1800  1k8  18k 
2000  2k  20k 
220e  2k2  22k 
2 408  2k4  24k 
270R  2k7  27k 
7308  3k  30k 
33013  3k3  33k 
360e  3k6  .39k 
39013  3k9  39k 
4309  4k3  43k 
4708  4k7  47k 
51013  5k1  51k 
56013  5k6  56k 
62013  592  62k 

6k8  68k 
75013  7k5  75k  - 
82013  592  82k  820k 
91013  9k1  91k  1M 

Special Offer: 5 PCS of EACH 1445 RESIS-
TORS) ONLY £11.50. 
High Quality High Stability, Huge 
Strength. 
VAT inclusive. Add £1.00 p&p all areas. 

ORION SCIENTIFIC PRODUCTS LTD. 
10 Wardour St., London W1 

100k 
110k 
120k 
1 30k 
150k 
160k 
180k 
200k 
220k 
240k 
270k 

3313k 

4 7Jk 

560-k 

680-k 

Memories 
2708   
2716 
2732   

£3.00 
 £4.75 

£11.88 
2114L ceratnic 20Ons  £2.99 
2114L ceramic 450ns  £2.50 
21I2A 45ns  £2.25 
6116L 200ns  £28.15 
(2K x 8 CMOS RA M, 1 data hold = 50µA) 
4116 ceramic 200ns  £.50 
8264-15 150ns   
(64K dynamic RA M) 
CRT Controller, µI'D 3301  *£39.95 
Floppy Disc Controller, uPD765  *£24.50 

*Please phone for stock situation 

Quantity discounts available on 10+ of one device. 

8085 & 
Z80 
8085A  £6.80 
8085A-2  £10.95 
8155  £9.95 
8251A  £5.60 
8253-5  £8.95 
8255A-5  £4.99 
8257-5  £10.40 
8259-5  £7.20 
8279-5  £10.00 
Z80  £6.25 
Z80-PIO  £5.75 
Z80-CTC  £5.75 
Z80-D MA  £19.95 
Z80-510/2  £29.95 

Please add P. & P. 30p to orders under £15. Add V.A.T. to total. 

BDS Microsystem Designs Ltd. 
28 Pinewood Close, St. Albans, Herts., ALA ODS 

Telephone: St. Albans (0727) 31831 

Belle Vue Radio and 
Electronics Exhibition 

in the LANCASTER HALL 
on SUNDAY, MARCH 29, 1981 

Doors open at 11 a.m. 

The North's Premier Amateur Radio and Electronics Event 

Features-

Inter-Club Quiz  Grand Raffle  Radio Society's Stands 
Construction Contest  Amateur Computer  and Trophy 
R.S.G.B. Bookstall  Stands  Morse Code Challenge 

Home Office and Raynet Stands 

Belle Vue has ample car parks 

F.M. talk-in on GB3NRS & G8NRS/A on 145MHz Chs S.22, R2, R6, and 
on 433MHz Chs SU8, RB4 & RB14 

ADMISSION 40p - BY RAFFLE TICKET AND EXHIBITION PLAN 
ENTER AT REAR OF BELLE VUE OPP. MAIN CAR PARK 

OFF HYDE ROAD A57 
 • 

FREQUENCY COUNTERS-OFF/AIR 
RECEIVERS 

250M Hz 
801 B 
£250 
Crystal 
oven 

3 parts 10" 

W W-082 FOR FURTHER DETAILS 

401A 
801B/M 
901 M 
1001 M 

50M Hz 6 Digit £130 
250M Hz 8 Digit £250 
520M Hz 8 Digit £325 
1-2GHz 8 Digit £550 

OFF/AIR 
RECEIVER 
TYPE 103 
PRICE £135 

20 models available including LED versions 

RCS ELECTRONICS 
WOLSEY ROAD 

ASHFORD, MIDDX. 
Phone 53661 

Appointments 
Advertisements accepted 
up to 12 noon Monday, 23 

[   March, for May issue, 
subject to space being avail-
able. 

DISPLAYED APPOINTMENTS VACANT: £12 per single c61. centimetre (min. 3cm) 
LINE advertisements (run on): £2 per line, minimum three lines. 
BOX NUMBERS: £1 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 4AS.) 
PHONE: JAYNE PAL MER, 01-661 3033 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

ELECTRONIC OPPORTUNITIES 
£5,000-£15,000 
frrtizonam min ffl - Minicomputers - Digital - 

Analogue - HF - VHF - UHF - Microwave 

Where does your skill and interest lie? 

Design? Test? Sales? Service? Systems? or perhaps Software? 
* Our clients are drawn from all sectors of industry: 
There are opportunities for Managers, Project Leaders, Engineers and Technicians. 

* Most UK locations and some Overseas 

* Make your first call count - Contact MIKE GERNAT on 076-384-676/7 (24 hours) 

ELECTRONIC COMPUTER ANO MANAGEMENT APPOINTMENTS LIMITED 
148-150 High St, Barkway, Royston, Herts SG8 8EG. 

cOi 

(6911 

measeemswagar ma, 

THE PAPUA NEW GUINEA UNIVERSITY OF TECHNOLOGY 
DEPARTMENT OF ELECTRICAL AND COMMUNICATIONS 

ENGINEERING 

PRINCIPAL OR SENIOR 
TECHNICAL OFFICER 
(DIGITAL/MICROPROCESSOR) 

Applications are invited for the above-mentioned position in the 
Department of Electrical and Communications Engineering. 

Applicants will be required to have appropriate qualifications 
and to be experienced in the fields of digital electronic equip-
ment. Preference may be given to applicants with particular 
experience in microprocessor development. 

Salary: K12450 - K15275. (K=EStg. 0.6636). Appointment level 
will depend upon qualifications and experience. 

The initial contract will be for three years; other benefits include 
a gratuity of 24% taxed at 2%, appointment, repatriation fares, 
leave fares for the staff member and family after 18 months of 
service, settling-in and out allowance, six weeks' paid leave per 
year, education fares and assistance towards school fees, free 
housing. Salary continuation and medical benefit schemes are 
available. 

Detailed applications (two copies) with curriculum vitae, to-
gether with the names and addresses of three referees, should 
be received by the Registrar, Papua New Guinea University of 
Technology, P.O. Box 793, Lae, Papua, New Guinea, by 30 
March, 1981. Applicants resident in the United Kingdom should 
also send an additional copy to the Association of Com-
monwealth Universities (Appts), 36 Gordon Square, London 
WC1H OPF. 

A division of SOS Bureau Ltd 

The SOS Group 
Trading as: 

SOS Staff Bureau 
SOS Industrial Staff 
SOS Senior Appointments 

The 

GROUP 

The following are a selection of the many vacancies currently on 
file: 

FIELD SERVICE TECHNICIAN! £6,000!  CAR!  COMPUTER 
SYSTEMS! W. LONDON! A.T.E. ENGINEER! £8,000! ATLAS 
PROGRAMS! AVIONIC SYSTEMS! TEST TECHNICIAN! £7,000! 
CMOS EXPERIENCE USEFUL! COMMISSION PROTOTYPE! 
TEST EQUIPMENT! TEST TECHNICIAN! £6,0001 VHF, UHF EX-
PERIENCE! MICRO COMMUNICATIONS! EQUIPMENT  D 
TRACKING CONTROLS SERVICE SUPPORT ENGINEER! £,000! 
ORGANISE MAINFRAME AND PERIPHERAL! INSTALLA ION! 
SALES ENGINEER! £9,000! CAR! NORTH ENGLAND! REL CA-
TION PACKAGE! TELECOMMUNICATIONS! 

For information on these and other vacancies nationwide - 
please contact: Lee Wood, 71 The Mall, Ealing, London W5 5LS. 
Tel. 567 7466. 
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ELECTRONIC 
SERVICE ENGINEERS 

NORTH LONDON — ILFORD 

Company Communications 
Controller 
cao,000 

As a major name in aviation and communication services for the world, 
maintaining and upgrading our own lines of communication is vital; 
customers and suppliers, for instance, are constantly in contact through' 
telex, telephone, data transmissions and post. The task of our Company 
Communications Controller is to supervise both the technical and human 
aspects of the existing network and to advise on the introduction of new 
computer based information handling systems throughout the group. 
He or she will work from Southall, liaising with suppliers and with 
service staff on maintaining equipment. There is also a large amount of 
advisory and analytical work involved, in order that existing systems may 
be improved. 
Candidates should possess an HNC in telecommunications engineering 
and should have worked for at least five years with a manufacturer, 
major felecomm. user, or in Post Office telecommunications. They 
should understand business communication problems, and ought 
to be capable of expressing technical solutions clearly to non-
technical management. 
Benefits include a staff restaurant, a pension and life 
assurance scheme, relocation expenses where 
applicable and 5 weeks' holiday plus bonus. 
Please apply, in writing, to John Callow, 1AL, 
Aeradio House, Hayes Road, Southall, Middx, 
quoting Ref.K/024. Tel: 01-843 2411. 

IA L 
THE HIGH TECHNOLOGY TASK FORCE 
COMMUNICATIONS SYSTEMS 
COMPUTER SYSTEMS AND SERVICES 
AVIATION SYSTEMS AND SERVICES - WORLDWBE 

(1001 

leOur company specialises in both sales and servicing of Disco-theque Sound and Lighting Equipment. We currently have 
vacancies for engineers who have had previous experience of 
either HiFi, Studio PA or similar equipment. Good salary, plus 
Commission and Bonus. 
Please telephone or write to Janet Findlay for further details. 

Rog« lquites 
Barnet Trading Estate Park Road Barnet Herts EN5 5SA 

Telephone: 01-441 1919  (Ms) 

PHILIP DRAKE ELECTRONICS LTD. 
Manufacture Audio and Intercommunication Equipment for the broadcast industry 
and have vacancies for the following staff: 

PROJECT ENGINEER 
to work in the Project Department. The job includes project discussion with custom-
ers, the detail design of systems, test supervision, and the compilation of system 
handbooks. Experience in the broadcast audio industry is essential and a formal 
qualification is desirable. 

ASSISTANT TEST ENGINEER 
to test primarily the custom-built products, mainly intercommunication systems, 
along with the standard product range. Some experience in the testing of audio and 
digital circuits and in the design of test jigs is desirable. 

DRAUGHTSPERSON/TRACER 
to work primarily in the Project Department, to prepare handbook drawings and 
design system metalwork, and also to prepare circuit diagrams and standard pro-
ducts. Experience in control panel layouts and broadcast audio requirements is 
desirable. 
The company offers a 371/2 -hour week with 20 days' holiday minimum. Experience in 
the broadcast industry and/or suitable qualifications are desirable for all positions. 
Salary negotiable dependent on experience. 
Apply by telephone or writing to: 

ALAN BRILL. PHILIP DRAKE ELECTRONICS LTD. 
23 REDAN PLACE, LONDON, W2 4SA - Tel: 01-221 1476  41014) 

UMIST 

EXPERIMENTAL OFFICER 
FOR SILICON DEVICE 
MANUFACTURE 

REF: EEE/25. A new facility is being as-
sembled in the Solid-State Electronics 
Group of the Department of Electrical 
Engineering and Electronics, for the 
manufacture and testing of semiconduc-
tor components in ultra-clean condi-
tions. Within a large clean area there will 
be a total of 60 linear feet of ultra-clean 
bench housing a wide range of equip-
ment. The Experimental Officer will be 
responsible for the day-to-day running 
of this facility, overseeing its use by 
undergraduate and postgraduate stu-
dents, and will be responsible for the 
maintenance of the equipment, includ-
ing the air filtration plant. He/she may 
also be required to assist staff of the 
Solid-State Electronics group in any re-
seach which involves semiconductor 
processing. A wide range of skills is re-
quired, together with the necessary ex-
perience and confidence to allow unsu-
pervised working. 

Salary will be in range of &4795-£9595 
per annum (under review). 
Requests for application forms, quoting 
the above reference, should be 
addressed to the Registrar, Room B6, 
UMIST, PO Box 88, Manchester M60 
1OD. The closing date is March 31, 1981. 

(9731 

TOP JOBS IN 
'ELECTRONICS 
Posts in Computers, Medical, 
Comms, etc. ONC to Ph.D. Free 
service. 

Phone: 01-906 0251 
(8994) 

NORTHERN REGIONAL HEALTH AUTHORITY 

ELECTRONICS TECHNICAL ASSISTANT (2 POSTS) 
Required for Regional Engineer's Division, based at Walkergate, New-
castle-upon-Tyne. 
The appointments will be at Technical Assistant Grade 1. Salary £6,633 - 
£7,824 per annum. 
The posts offer technologically interesting and varied work, with excel-
lent working conditions and well-equipped laboratories, and involve 
visits to hospitals throughout the Region, for which financial reimburse-
ment is made. 
Applicants must be of high calibre and have had considerable and broad 
experience with modern electronic equipment. 

Minimum qualifications: HNC or City and Guilds Full Technological Cer-
tificate in Electronic Engineering or equivalent. 
Application form and job description available from the Regional Per-
sonnel Officer, Northern Regional Health Authority, Berjfield Road, New-
castle-upon-Tyne NE6 4PY. 

Closing date: 1 April, 1981. (971) 

CAPITAL 
CAPITAL HOUSE 
29-30 WINDMILL 
STREET 
LONDON W1P 1HG 

APPOINTMENTS LTD.  TEL: 01-637 5551 

THE UK's No. 1 ELECTRONICS AGENCY 
Design, Dev. and Test to £10,000 

Ask for Brian Cornwell 

SALES to £1 2,000 plus car 
Ask for Ken Sykes  - 

FIELD SERVICE to £10,000 plus car 
Ask for Maurice Wayne 

We have vacancies in ALL AREAS of the UK 

Telephone: 01-637 5551 (3 lines) 

Sony Broadcast 
success story means 

re career 
even mo ortunities! 
OP Tremendous growth and success 

has created the need for even móre first 
class staff at the Basingstoke International Headquarters 
of one of the world's leaders in professional television 
broadcast equipment. 

UK Sales Manager/ess — 
TV Production Houses 
£ neg  car 
This is a new position created as part 
of our planned expansion programme. 
The successful candidate should 
possess experience of either 
Production or Engineering 
Operations within a broadcast 
television environment. A knowledge 
of professional VTR's, editing 
systems and cameras is necessary 
whilst previous sales experience is 
desirable, though not essential. 

Sales Engineers/Technical 
Support Engineers 
for Western Europe - • 
Competent engineers experienced in 
video cameras and/or VTR's are 
sought to join our sales team. 
Successful candidates are likely to be 
in the age range 25-35 and should be 
highly motivated and able to work on 
their own initiative. Experience in 
dealing with customers would be an 
advantage as would knowledge of a 
second European language. Travel 
within the western European area will 
be necessary. 

Engineers — 
Commercial/Sales Applications 
Openings exist, at various levels for 
engineers with a wide experience of 
the TV Broadcast Industry, to utilize 
their knowledge in a dynamic 
commercial environment. 
The selected candidate will be self 

motivated, capable of working with a 
minimum of supervision, and will be 
appointed to our Proposals/ 
Quotations section. He or she will 
have the ability to prepare detailed 
and concise customer presentations/ 
quotations complete with pricing 
information. 
Previous commercial/sales 

experience desirable, however not 
considered essential. 

Systems Project Engineers 
For our young and enthusiastic 
Special Projects Team. They will be 
involved in the design, manufacture 
and commissioning of static and 
mobile television systems, and in 
modifications and accessories. The 
successful applicants will have a 
thorough knowledge of sound and 
television principles. Ideally, he or she 
should have experience in 
operational television or its allied 
manufacturing industry. 

Product Specialists 
Opportunities exist for young 
engineers from a broadcast television 
background to be involved in all 
aspects of development, marketing 
and support of our entire product 
range. 
We would be particularly interested 

to hear from you if you are currently 
working with professional VTR's/ 
VCR's, cameras or microprocessor 
controlled post production systems 
and would like to further develop your 
technical and commercial skills in a 
challenging environment. 

Field Service Engineers 
Currently, openings exist at Engineer 
and Senior Engineer levels for 
personnel with experience of working 
on professional VTR's and cameras 
probably in a Broadcasting 
organisation or TV Broadcast 
Equipment Manufacturer. The 
Engineer level position should appeal 
to applicants with limited relevant 
experience who are now seeking a 
progressive environment in which to 
broaden their careers. Both positions 
offer the opportunity for some UK and 
overseas travel. 

R & D Engineers 
Sony is now established as the world 
leader in digital video recording 
technology. Development is still in the 

formative stages but rapidly 
progressing to the new era of the 'All 
Digital Studio'. The R & D Section is 
involved in long term investigations 
into the application of high speed 
digital techniques to video 
processing, and in conventional 
product design. Being part of an 
international R & D team, the 
successful applicant may expect 
occasional opportunities for overseas 
travel. Applications are invited from 
engineers offering experience in high 
speed digital processing or video 
engineering. Alternatively, a well 
qualified recent graduate could be 
considered. 

Lecturer 
The Lecturer will join our training team 
and after a suitable familiarisation 
period will be required to conduct 
theoretical and practical training 
courses on our major products, and/ 
or write circuit descriptions and 
produce training manuals with lucid 
block diagrams. Ideally, candidates 
should have had experience of video 
tape recorders, digital circuits and a 
practical up-to-date knowledge of the 
broadcast industry. Knowledge, or an 
ability to master the techniques of 
video cameras, digital audio 
equipment and the application of 
microprocessors to broadcast 
equipment will be an advantage 
although we are prepared to provide 
the necessary additional training. 
Promising young graduates may also 
apply for consideration as a Trainee 
Lecturer. 

If you like the thought of enjoying the success of world leadership then write in strict confidence 
to Barry White, Personnel Manager, Sony Broadcast, now! And please don't forget aCV. 

S O N Y® 
Broadcast 

Sony Broadcast Ltd. 
City Wall House 
Basing View, Basingstoke 
Hampshire RG21 2LA 
United Kingdom 

(968) 

www.americanradiot istorv.com 
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Challenging positions 
at home and abroad 

RADIO TECHNICIANS 
COMMUNICATIONS 
ENGINEERS 

EAE Limited install and maintain communications systems for the oil industry, at home 
and abroad. 

Due to rapid and continuing expansion in our activities, we constantly require Radio 
Technicians, with experience of HF, MF, VHF and UHF, and Engineers (preferably qualified 
to HNC level or above) in the fields of Microwave, Multiplex and Tropospheric Scatter. 

In thè North Sea, earnings are in the range £9,000 to £12,000 p.a. Overseas earnings 
could be up to £20,000— plus tax concessions and generous home leave. 

The work is demanding, but rewarding, offering you the chance to use your skills and 
your initiative to the full. 

The company is based in Great Yarmouth, with offices in Aberdeen and Lerwick— but 
where relocation is necessary, we will give generous assistance with removal, legal and 
temporary accommodation expenses. 

Please apply, with details of your career to date, to: Personnel Manager, EAE 
Limited, Dept W W, Offshore House, 284/285 Southtown Road, Gt. Yarmouth, 
Norfolk N R31 OJB Telephone 0493 58541 

EAE Limited 
(935) 

MOBILE SECTION ENGINEER ST3 
The mobile section operates colour broadcast standard television facili-
ties including a three camera (Link 120) mobile control room and battery 
portable equipment (Sony BVP, BVU). The main function of the section is 
to make observational classroom recordings for use in teacher education 
both in London and nationally. All members of the crew share rigging 
duties and driving of vehicles. A current driving licence is highly desirable 
and training will be provided leading to an HGV test. 

The engineer will join a team of three other engineers who are jointly 
responsible for the operation and maintenance of the section's equip-
ment. This involves lighting, vision control, microphone rigging, sound 
mixing and V.T. operation. Experience in one of the fields is essential; 
however as training in others will be given, it is important that candidates 
have appropriate academic qualifications and a thorough knowledge of 
current broadcast engineering practices. Candidates must also possess 
good health and normal colour vision. 

Hours of work will be in accordance with the requirements of the service 
(the normal working week being 35 hours). 

Further details available from the Mobile Videorecording Section, tele-
phone 622 9966. 

Salary within the scale £8,115 - £8,709 (plus an irregular hours allowance 
of £156 per annum). 

Application forms available from the Education Officer (EO/Estab 
Room 365, County Hall, London, SE1. Telephone 633 7456/7546. 
Closing date: 14 days from appearance of advert.  (964) 

The following personnel are re-
quired by a radio manufacturer in 
South Africa. Successful appli-
cants will need to be stable and 
have a desire to emigrate. This is 
not short term contract work. 
Radio  development  engineers, 
with experience of domestic radio. 
Salary R1500 per month. 
Radio technicians, preferably with 
factory experience. Salary R1000 
per month. 
Draughtsmen,  preferably  with 
radio cabinet design experience. 
Salary R1000 per month. 
Radio or cabinet assembly line 
foreman or chargehands. These 
applicants must be prepared to 
train operators. Salary dependent 
on experience. 
Injection moulding machine set-
ters. Salary R1000 per month. 
Must be prepared for shift work. 

PHOTO - STAFF 
CONSULTANTS 
LIMITED 

133 OXFORD STREET 
LONDON W1R ITD 

Telephone: 01-439 1821 (10 lines) 
Telex 263 231 FOSTAF G 

(990) 

INNER LONDON EDUCATION AUTHORITY 
Learning Materials Service 

Television Centre, Thackeray Road, London, SW8 

DIGITAL EXPERIENCE? 
FIELD, SUPPORT AND 
PRODUCTION. VACAN-
CIES IN COMPUTERS, NC, 
CO M MS., MEDICAL, 

VIDEO, ETC. 

For free registration ring 
01-290 0267 

ELECTRONICS RECRUITMENT SERVICE 
HIGH ROAD, LOUGHTON, ESSEX 

01-290 0267  (321) 

BYRU 
SENIOR ENGINEER 

ENG/OB Maintenance 
Salary: £11,406 p.a. 

Independent Television News Limited has vacancies for two 
Senior Engineers in their expanding ENG/OB Maintenance Sec-
tion at ITN House, London, W.1 
The successful candidates would be members of a small team 
responsible primarily for the maintenance of ENG equipment 
including Sony BVU series U-matics, RCA Tk76C and Sony 
BVP330 cameras, TBCs and associated portable equipment. 
The section is also responsible for the long-term maintenance of 
our two camera Outside Broadcast Unit. 
The work would occasionally involve travel with ENG teams to 
remote locations. 
Previous maintenance experience with U-matic equipment and/ 
or lightweight cameras is essential. 
Generous pension scheme, free life insurance. 

Please telephone the Personnel Office on 01-637 3144, quoting 
reference number 30301 for an application form. 

(966) 

SUVA Iv ATE OF OMAN 
RADIO AND TV BROADCAST ENGINEERING 

VACANCIES 

The Sultanate of Oman operates a modern colour television and radio broadcasting service with studio 
centres situated in the North and South of the country, the two centres being linked by satellite. High 
power VHF and low power UHF transmitters are employed to provide a 625 PAL TV service to 
populated areas of the Sultanate. The radio broadcasting service uses HF, MF and VHF transmitters of 
various powers. Both services are managed by the Ministry of Information and Youth Affairs. 

Due to expansion of the service vacancies for a variety of posts have arisen and applications are invited 
from suitable qualified persons. 

TRANSMITTER ENGINEERS 
For maintenance of high power VHF TV transmit-
ters and low power UHF transposers, high 
power MF, HF and VHF FM sound transmitters. 
The work will involve travel and in some cases 
overnight stops away from base. The transmit-
ters operated within the Sultanate are manufac-
tured by Siemens, Philips, Marconi and Conti-
nental Inc., U.S.A. 

STUDIO ENGINEERS 
For maintenance on cameras, vision mixers, 
S.P.G.S., vision distribution systems, telecine 
machines and video monitors, etc. There will 
also be operational work, particularly on outside 
broadcasts. 
The equipments employed are Philips LDK15 
cameras, Bosch Fernseh KCU40 and KCP cam-
eras, vision mixer units by C.D.L. and Bosch 
Fernseh, telecine by Rank Cintel and Bosch Fern-
seh. 

SOUND MAINTENANCE 
ENGINEERS 
To maintain a wide range of high quality sound 
broadcasting equipment. 

VTR ENGINEERS 
For maintenance on Ampex VR1200B and Bosch 
Fernseh BCM40 machines. There will also be 
some operational work. During the forthcoming 
year it is intended that 1in. "C" Format VTR 
machines will be installed. 

PLANNING AND 
PROJECT ENGINEERS 
To carry out planning for a wide range of 
transmitter installations for both TV and radio. 
Planning and Systems Engineers are also re-
quired for work on new radio studios to be con-
structed over the next few years. 
Successful applicants will be expected to be 
directly involved with the nuts and bolts of the 
installation work, in some cases in remote areas. 
Applications are also invited for a number of 
senior positions in the transmitter, studio groups 
and electro-mechanical services groups. If you 
feel you can apply your knowledge and expertise 
to the efficient running of these groups we will 
be pleased to hear from you. 

Applicants should be qualified to degree or HND level and have not less than six years' relevant 
experience. The senior positions require considerably more years of varied but relevant experience. In 
most cases a knowledge of Arabic -although not essential - would be useful. 

Salaries, which are paid in Rials Omani, are fully remittable and tax-free and range from pounds 
sterling 1100 to 1300 per month upwards. The senior positions start at pounds sterling 1500 to 1700 per 
month (depending upon current rate of exchange). 

Married accommodation is provided together with free air passage at beginning and end of contract 
for family. Air tickets are also provided for leave after the first year of service. 

Applicants should write stating age, nationality, qualifications and full details of experience to: 

Ministry of Information and Youth Affairs, Post Bok 600, Muscat, Sultanate of Oman, marking the 
left-hand corner. envelope "Technical Office- in top 
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1 Development Engineers 
in Digital Electronics 

We have an important client in the Cambridge area who is about to 
embark upon a major development programme incorporating projects 
valued at several million pounds. Over the last few years they have 
been developing and exploiting a specialised area of telecommuni-
cations, and to complete the highly specialist and skilled teams which 
are involved in breaking new ground in digital development, two 
experienced Engineers are needed immediately. 

They will ideally have experience of both hardware and software 
gained in a development environment where high standards and 
iminent deadlines are the norm. A Degree standard of education is less 
important than experience on design and development and they will 
have the opportunity of seeing a prototype design right through to 
manufacture. 

Our client offers in return the opportunity to become involved in a 
thriving organisation which offers excellent terms and conditions of 
employment, good career prospects and, most important, an 
opportunity to take digital electronics to new frontiers. 

Please apply in confidence, 
quoting Ref. KR77, to: 
Andrew Millhouse 
Ketchum Recruitment Limited 
52 Bedford Row, London, WC1R 4LX. 
01-405 1260 

(972) 

 • 

IF THIS IS RECESSION 
WE LIKE IT 

AT LAST ELECTRONIC ENGINEERS ARE BEING PAID WELL AND THEIR 
WORK IS APPRECIATED .. . 

We have hundreds of vacancies which include: 

SYSTEMS ENGINEERS: for new company specialising in secure compu-
ters based on DEC 11/23 and Z80. Knowledge of image processing and 
pattern recognition an advantage. To £13,000. SURREY. 

RESEARCH ENGINEER/MANAGER: for a group providing support to an 
international company engaged in research on precious metal refining, 
cancer research, pollution monitoring, etc. Broad based experience. To 
£12,000. BERKS. 

R.F. ENGINEERS: for small dynamic company engaged on telemetry and 
remote monitoring instruments for the off-shore industry — tankers, gas 
rigs, etc. To rl 0,000. LONDON. 

HARDWARE AND SOFTWARE ENGINEERS: to work on a new generation 
of Printers and Data Terminals based on Z80 Intel 8080 and 8008. To 
£11,000. BERKS. 

PRINCIPAL AND SENIOR MICROWAVE ENGINEERS: for development of 
V.C.O.s, frequency multipliers, amplifiers and fitters. Good salary but 
confidential. MIDLANDS. 

YOUNG ENGINEER: with 8085 HW/5W experience to join a high flying 
team working on novel controls for the automotive industry. To £8,500. 
WEST COUNTRY. 

DESIGN ENGINEER: broadcast TV equipment including character gener-
ators and teletext terminals. To £8,000. SURREY/HERTS. BORDER. 

SENIOR ENGINEER: to design and develop special modules for users of a 
large international computer network based on (CL 1900 and PDP11. To. 
£8,500. LONDON. 

DESIGN ENGINEER: mini and micro computer based control equipment 
and systems for the heavy mechanical electro mechanical industry. Z80 
HW/SW experience essential. To £8,000. NORTH-EAST ENGLAND. 

COMPUTER ENGINEERS: vacancies throughout UK in systems test, field 
service permanent site and technical support. 

For further details, please contact:  (1003) 

CharlEs AirEg AssociatEs 
4 Hammersmith Grove, London W6 DNA. Tel: 01-741 4011 
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NORTH-EAST 
LONDON POLYTECHNIC 
FACULTY OF ENGINEERING — 

BARKING PRECINCT 
LONGBRIDGE ROAD 
DAGENHAM, ESSEX 

SCHOOL OF CHEMICAL 
& SYSTEMS ENGINEERING 

SENIOR 
TECHNICIAN 

T5 REF: 83/FJ80 

required to control and supervise 
technicians working within the 
microprocessor laboratory, under 
the supervision of the Principal 
Technician, Other duties will in-
clude planning and progression of 
technician work, maintenance of 
progress and financial reports, and 
development, including design as-
sistance, of equipment within the 
laboratory, Candidates should 
hold a full technological certificate 
and/or HNC/HND qualifications, 
and have had 5-10 years' exper-
ience in a technical environment. 

The inclusive annual salary will be 
on a scale from £7,233 to £7,695 
according to age, qualifications 
and experience. 
For further details and application 
forms please contact the Per-
sonnel Office (R), North East Lon-
don Polytechnic, Asta House, 
156/164 High Road, Chadwell 
Heath, Romford, Essex, RM6 6LX. 
Telephone 01-590 7722, Ext. 3121 
or 3135, quoting the above refer-
ence number. 
CLOSING DATE FOR RECEIPT OF 
APPLICATIONS: April 3, 1981. 

(992) 

ONE IN A MILLION? 
Among the million or so leaving school or university this year there is a 
chance that one — perhaps two — is destined to make a significant 
development in audio. 
That person's first decision might well be to join QUAD in Huntingdon. 
At school, he or she will have realised that amplifier design is not just a 
matter of having a listen or a fiddle with standard circuits and their 
variations. Later will have come an adolescent stage of great 
discoveries. "Increase the rise time to eliminate TIM". "Regulate the 
power supply for better imaging". 
Following on from such childish things will have come an ability to 
distinguish between the characteristic impedance of the medium and 
the third row of the dress circle and between peak flux density and the 
rather gooey substance fed by spoon to small children. He or she will, 
nevertheless, be sufficiently down toearth to know that one newton is 
about the weight of the average apple. 
1 in 1 06? 

Well, drop us a line anyway. 

M r. P. J. Walker 

THE ACOUSTICAL MANUFACTURING COMPANY 
LIMITED 
30 St. Peter's Road, Huntingdon, Cambs. PE18 7DB 

(403) 

DEPARTMENT OF NUCLEAR PHYSICS 

ELECTRONICS TECHNICIAN 
(Grade 5) 

Salary £5249-E6129 rising wef July, 1981, to £5695-£6650 
Applications are invited for the post of electronics technician in 
the Department of Nuclear Physics for interesting and challeng-
ing work. The post involves assisting in the development and 
maintenance of a variety of equipment incorporating fibre-optic 
data links, 8 and 16-bit and bit-slice microprocessors, as well as 
some analogue circuitry. Some experience is essential, as are 
willingness and ability to learn quickly. 
Applications in writing together with the names of two referees 
should be sent as soon as possible to the General Administrator, 
Department of Nuclear Physics, Keble Road, Oxford OX1 3RH. (eel 

THE LEADING TELEVISION FACILITIES 
COMPANY 

REQUIRES 

DIRECTOR OF 
OPERATIONS 

EXCELLENT SALARY 
+ CAR + PENSION + BUPA + 

PROFIT SHARE 

The position of DIRECTOR OF OPERATIONS requires a person with drive, 
initiative and clear thinking, to be able to deal with the day-to-day de-
mands of this high technology Television Facilities Company providing 
Studio, VTR and 0.B. services to its Clientele. 

Loyalty, hard work and the ability to lead, will be rewarded by a career in 
the fast-moving TELEVISION SERVICE and the Operations Director and 
his/her colleague Directors will have the opportunity of long-term future 
career development. The Company will be looking forward to one of the 
senior Directors becoming the next Managing Director. 

The applicant must have Engineering ability and have worked or be 
working in a Broadcasting organisation and have high level Management 
experience plus that special 'something" of being able to lead and drive 
for the achievement of the Company's policies. 

The position of Director of Operations will be a Company Board appoint-
ment. 

Please apply to the Sole Recruitment Agents in the strictest confidence 
quoting 'OPS DIR 1981": 

Lb> PERSONNEL & ELECTRONICS LTD. 
Telephone: 01-573 8333  Telex: 934271 

Triumph House  1096 Uxbridge Road  Hayes  Middlesex UB4 8QH  England  UK 

(1005) 
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e 
Can you develop our potential? 

Ultra manufacture highly sophisticated communications equipment and are Europe's leading suppliers of Sonobuoys. Our Test Equipment 
department has been extensively reshaped with new laboratories being built with a view to expansion. We can now offer Test Equipment 

Development Engineers and Technicians a real opportunity to become involved in the latest technology coupled with positive career development. 

Test equipment development engineer £6500-C7500 
Working closely with our Senior Engineers and outside 

companies you will primarily assist the Design Engineers in developing 
Test Equipment Design. In addition, you will develop systems and units 
from outline specifications through to building prototype units. 

As the department is still in its early stages you will have the 
opportunity to make a positive, contribution to its formation and you will 
also be expected to attend comprehensive training seminars and 
exhibitions.. 

Test equipment technicians C5500-C6000 
With a minimum of 2 years practical experience in a repair 

environment and an HNC or C&G in Electronics, you will undertake the 
repair and calibration of Proprietary and Purpose-Built Test Equipment . 
and Main Units. 

In addition to 5 years practical experience in repair and 
calibration, you should have the ability to communicate with Senior 
Engineers. 

For both positions we offer outstanding 
career prospects with a company that is 
looking to the future. Apart from competitive 
salaries, we offer a sports & social club, 23 
days holiday, contributory pension scheme 
and a subsidised restaurant, For further 
information,please telephone Julie Foreman 
on 578 0081 or write to her at: 

DOW' ire 
UE11: Electronic 

Communications Ltd. 

Ultra Electronic Communications Ltd 
419 Bridport RoadGreenford 'frading Estate 
Greenford, Middlesex. (999) 1 

Technicians/Junior Engineers 
(Broadcasting Coverage) 

If you like an outdoor life with plenty of travel all over the UK and are qualified to 
ONC/TEC level in electrical engineering (or a related subject), we may have just 
the career opportunity for you. 
Working as a member of a small team, you would be involved in carrying out 
tests and surveys for our future television and local radio transmitter sites. 
A current driving licence is essential. Previous working experience should have 
involved testing or taking measurements. 
Starting salary will be within the range £4,280-£5,980 per annum, according to 
experience. Further progression to a maximum of £7,360 per annum is possible 
after a period of experience. 

IBA  
INDEPENDENT 

BROADCASTING 

AUTHORITY 

Please write or telephone for an application form quoting Ref: W W/575cc to 
Glynis Powell, IBA, Crawley Court, Winchester, Hampshire, S021 2QA. 
Telephone: 822270. 

(These posts are open to men and women). 
(985) 

UNIVERSITY OF SURREY 

Audio Visual Aids Unit 
Television Engineers 

ONCE IN A DECADE CHANCE! 
Join a small and lively team providing television services for 
teaching and research. Now converting to high quality Video 80 
colour system, studio based but versatile and mobile. Photo-
graphy, film, graphics and instrument workshop services avail-
able within the Unit. Salaries according to experience and qual-
ifications on scales between £4,870 and £7,873. Further training 
available where appropriate. Write or telephone now: Staff 
Officer, University of Surrey, Guildford GU2 5XH. Telephone 
Guildford 71281, ext. 776 for full information, quoting reference 
(16) WW.  (960) 

THE OPEN 
UNIVERSITY 
FACULTY OF 
SCIENCE 

Electronics 
Technician 

Applications are invited for a technical 
vacancy in the Chemistry Discipline.The 
main duties of the post will be to main-
tain and upgrade spectroscopic instru-
ments and other apparatus, including 
mini-computers, an to take responsibil-
ity for the operation of a Varian Electron 
Resonance Spectrometer. An ability to 
contribute to the design, particularly in 
the computer interface area, of 
electronic equipment would be an ad-
vantage. 
_Candidates should possess HNC 
(Electronics) or equivalent qualification 
and have 9-10 years' relevant exper-
ience. 
Starting salary will be within the Grade 
VI Technician salary scale ER0204'7191 
p.a. (C6,532-£7,802 p.a. from 1st July, 
1981). 
Further details and application forms are 
available from the Assistant Secretary 
Science (3440/1), The Open University, 
Walton Hall, Milton Keynes MK7 5AA, or 
telephone Milton Keynes (0908) 653481: 
there is a 24-hour answering service of 
653868. 
Closing date for applications: 14th April, 
1981.  (962) 

TELEPHONE ENGINEER 
ABU DHABI 

A Telephone Engineer is urgently required with experience on 
Siemens ESK 3000E or similar crosspoint exchange. 

TELECOMMUNICATIONS TECHNICIANS 
We also have vacancies for Radio Techs. able to take up appointments at 
short notice. 

Comprehensive c.vs should be airmailed immediately to: 
Mr. George Fee, General Manager 
AL MARIAH UNITED CO. 
P.O. Box No. 206, Abu DhabiU.A.E. 

Telex: 22323 Phone 326017 giving contact U.K. telephone non) 
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m ar  "gnu 
mar  Engineers  vim 
111.11 Media Librarian 
I MIL  5230-5625 Saudi Riyals per month 

*Salary range 

MIN 
for the 

King Faisal Specialist Hospital and Research Centre 
Riyadh, Saudi Arabia 

If you are well qualified in either of these areas, here is an 
excellent opportunity to make a break for 2 years and work in 
one of the world's most advanced Hospital and Research 
Centres. Working conditions are first class and all equipment 
and systems are the most modern available. 
We need experienced T.V./Video Engineers to help maintain 

the hospital's sophisticated television network (mostly Sony 
equipment). You will be working with a five channel closed 
circuit system which is used for patient monitoring, training and 
medical/surgical recording, and in addition provides 
entertainment programmes for the hospital's surrounding 
residential and services complex. 
Applicants should be able to operate test equipment and be 

familiar with PAL, SECAM and NTSC systems. Some previous 
experience of studio production (telecine and electronic editing 
systems) would be an advantage. 

We also need a male Media Librarian to take overall control of 
the hospital's film and photographic library and operate the a/v 
equipment lending pool. 

These are married status posts and successful applicants will 
be offered a 2 year contract (extendible by mutual agreement) 
with generous leave periods, air conditioned accommodation, 
subsidised meals and education assistance for eligible 
dependants. There are excellent facilities for sport and 
recreation. 

*Sterling exchange rate at the time of going to press 8.0 
Saudi Riyals to the L. 

Please apply in writing with career details, quoting ref. no. 
KFSH 008, to: 

Jim Hawkins 
Hospital Corporation International 
49 Wigmore Street 
London W1H 9LE 
Employment Agency reg no. SE(A) 4698 

(1010) 

HOSPITAL   
CORPORATION  

• UNIVERSITY POST GRADUATE STUDY  - 

ELECTRONICS RESEARCH AT 
THE UNIVERSITY OF ESSEX 

Graduates who have (or final year students who expect to ob-
tain) a first or upper second-class honours degree are invited to 
apply for research leading to a higher degree (M.SC., M.Phil. or 
Ph.D.) in the following areas: 

Audio (high quality audio systems, music synthes is), Circu it 
), Computer Systems 

tical Communications, Acous itc  Noise  and  
(architectures, languages, man-computer interact ion,  m icropro -
cDeesssiogrnsy(csotemmpsu)t,eur-paided design, filters 

Vibration Cancallation, Satellite Communication Systems, 
Microwave and Millimetre Wave propagation, Telecommuni-
cations , filters, PCM, DPCM),  Transmission and Software (data transmission 

(com-
puter control, traffic studies: network configurations), Visual 
Telecommunications SwitchingaSndyspteromcsessing  

(computer graphics, 3-D Displays and Television Engineering  (corn 

Department of Electrical Engi-

neering colour TV), Picture Coding 
extrac-

tFiuornt,h deirg itianlf ofirltmeraitnigo,n  pearnced ption).  (feature application  form available from: 

Professor K. W. Cattermole, 
Pa rk  , col Schc  Essex, Wivenhoe 

Colchester 
CloR4ef3.sJaAN/2), University of 

1961) 

Appointme ffl 

Professional Careers 
in Electronics 

om 0 00 
•••• 00 0 0 0 

All the others are measured by us... 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and A.T.E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over relocation. 
If you are interested to hear more, please fill in the 
following details:-

Name 

Address   

Telephone Work/Home (if convenient)   

Years of experience 0-1  1 -3 3-6 Over 6 
CI C1 1:3 0 

Present salary £3,500- £4,500- £5,500- over 

£4,500 £5,500 £6,500 £6,500 
D  o  o  CI 

Qualifications None C&G  HNC  Degree 
CI CI 

  Age  1 

111 

Present job   

É 

Lou  um im  au ea mu mu milli' 
Return this coupon to John Prodger, Marconi 
Instruments Limited, FREEPOST, St. Albans, Herts, 

Ih AL4 OBR. Tel: St Albans 59292 

marconi 
instruments 

(9200) 
A GEC MARCONI ELECTRONICS COMPANY j 

www.americanradiohistorv.com 
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SITUATIONS VACANT 

National Heart and Chest Hospitals 

Brompton Hospital 

Medical Physics 
Technician 
Grade IV or III 
(ELECTRONICS) 

We require a technician to work in a small but busy 
department which provides a comprehensive medical 
electronicephysics service to this leading cardio-thoracic 
hospital. 
Within the department the technician will be engaged mainly 
in electronics work but other scientific or engineering skills 
would be an advantage. In addition the technician will be 
required to work in clinical areas trouble shooting and 
advising staff in the use of equipment. 
Salary within the range of £4931-£7277 inclusive depending 
on experience. For further information contact Chief 
Technician, Mr. P. Butler, ext. 4252. 

For application forms and job description contact Personnel 
Manager, Miss J. A. Jenks, Brompton Hospital, Fulham 
Road, London, SW3. Tel. 01-352 8121 ext. 4357. (1004) 

MANCHESTER POLYTECHNIC 
Department of Communication Arts 

and Design 
SENIOR TECHNICIAN 

required for the School of Film 
and Television. Experience required 
in operation and maintenance of 
electronic  equipment,  preferably 
CCTV and/or sound equipment. An 
appropriate  qualification  such  as 
ONC or City and Guilds would be 
an advantage. A Union Membership 
Agreement is in operation under 
which new employees are required 
to join a recognised union. Salary 
scale:  T3/4  £5,268-£6,651.  For 
further particulars and application 
form (returnable by 3 April 1981) 
send  a sell-addressed  envelope 
marked  A/353  to  the  Secretary, 
Manchester Polytechnic, All Saints, 
Manchester. MI5 6BH.  (988 

TESTERS.  TEST  TECHNICIANS. 
TEST  ENGINEERS.  Earn  what 
you're  really  worth  in  London 
working for a World Leader in 
Radio & Telecommunications. Phone 
Len Porter on 01-874 7281, or write: 
REDIPON  TELECOMMUNICATIONS 
Ltd., Broomhill Road, Wandsworth, 
London, SW18  (9858 

EXACT TIME? 
MSF CLOCK is AL WAYS CORRECT - 
NEVER GAINS OR LOSES, SELF SET-
TING  AT  SWITCH-ON, -  DIGITS 
SHO W  Date,  Hours,  Minutes  and 
Seconds, auto GMT/BST and leap 
year, also parallel BCD output for com-
puter or alarm and audio to record and 
show time  on  playback,  receives 
Rugby 6OKHz atomic time signals, 
built-in antenna, 1000Km range, AB-
SOLUTÉACCURACY, £54.80. 

V,L.F.7 10-15KHz Receiver £13.70. 
60KHZ RUGBY RECEIVER, as in MSF 
Clock, serial data output, £15.70. 

Each fun-to-build kit includes all parts, 
printed circuit, case, postage etc 
money-back assurance so GET yours 
NOW. 

CAMBRIDGE KITS, 45 IWR) Old School 
Lane, Milton. Cambridge  (965) 

BUILDING RAMS? 
Why waste time hand-wiring RAMS? This 
5.3 x 2.5 inch professional plated thru PCB 
mounts on your prototyping board, looking 
like an 8K byte TTL compatible static RAM. 
13 address lines, 8 data 1/ 0, write enable, 2 
neg and 1 positive card selects. 

Assembled with sockets, pins and caps, just 
plug in 16 21 14's and 1 74LS 1 38 £j1. 
Bare board £1 5, no VAT, post paid. 

Ibis Electronic Design 
56H Norris Hill Drive 

Heaton Norris 
Stockport, Cheshire 

(850) 

ARTICLES FOR SALE 

ENCAPSULATING, coils, transform-
ers,  components,  degassing,  sili-
cone  rubber,  resin,  epoxy.  Lost 
wax casting for brass, bronze, sil-
ver, etc. Impregnating coils, trans-
formers,  components.  Vacuum 
equipment low cost, used and new. 
Also  for  CRT  regunning  met-
alfising, Research & Development. 
Barratts,  Mayo  Road,  Croydon, 
CRO 2QP. 01-684 9917.  (9678 

MEMORY  BARGAINS.  Low  price 
guaranteed  devices.  Eprom  pro-
gramming service. SAE for infor-
mation,  T.D.S.,  57  Westmead, 
Woking, Surrey, GU21 3BS.  (907 

CLEARANCE PARCELS: Transistors, 
resistors, boards, hardware, 101bs 
only £5.80!  1,000 Resistors £4.25, 
500 Capacitors £3.75. BC 108, BC 
171,  BC  204,  BC  230,  2N  5061, 
CV7497  Transistors,  10-70p,  100-
E5.80.  2N  3055,  10  for  £3.50 
S.a.e. lists: W.V.E.  (3), 15 High 
Street, Lydney, Glos.  (444 

LAB CLEARANCE:  Signal  Gener-
ators;  Bridges;  Waveform, 
transistor  analysers;  calibrators; 
standards;  millivoltmeters;  dyna-
mometers;  KW  meters;  °sent.). 
scopes; recorders; Thermal, sweep, 
law distortion true EM'S, audio FR, 
deviation. Tel. 040-376236.  (8250 

BRAND NEW VERO RACKS 19in x 
5iin, complete with 20 off 40 way 
edge connectors (only 6 used), 20 
card slides and locking front panel 
(12in long). P.S.U. insitu on card 
slides having 110/240V  input, on/ 
off switch and power on indicator. 
Output  is +5v  at  5 amps  and 
-10v at 5 amps, fully stabilised. 
(Can be converted to +12v at 5 
amps).  Price £35  P/P and  VAT 
inclusive.  Rushmoor  Electronics 
Ltd, 43 Queens Road, Farnborough 
liants. Telephone 0252 515373. i 975 

AIRCRAFT BAND  Xtal  controlled 
Receiver Type Lowe AP-12, £95. - 
Telephone Derby 760809. WANTED. 
Sweep generator in HF range. (980 

AVELEY CYBERVOX reel to reel 
language laboratory. Type AERC4 
recorders,  various  items  control 
_unit, headsets, desks, offers invited 
for whole or part. Further details, 
Language Centre.  Exeter Univer-
sity, Exeter EX4 4Q11. Telephone 
Exeter 77911, extension 775.  i981 

TELETYPE KSR33 with stand £100 
Scopex 4D10A dual 10 MHz oscillo-
scope with probes, £150. - Tele-
phone Cambridge 46504.  (987 

ARTICLES FOR SALE 

TO MANUFACTURERS, WHOLESALERS 81 
BULK BUYERS ONLY 

Large quantities of Radio, LV. and Electronic Compinents. 
RESISTORS CARBON & C/F Vs, 1/4 ,  1/3 . 1 Watt from 1 ohm to 
10 meg. 
RESISTORS WIRE WOUND. 11/2 , 2, 3, 5, 10, 14, 25 Watt. 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 

Metalamite, C280, etc. 
Convergence Pots, Slider Pots, Electrolytic condensorS, Can Types, 

'Axial, Radial, etc. 
Transformers, chokes, hopts, tuners, speakers, cables,screnned wires, 
connecting wires, screws, nuts,..transistorS, lCs, Duo es,0tc.„_etc. 

All at Knockout prices. Come and pay us a visit. Telephone 445 2713, 

445 0749. 
BROADFIELDS &  AYCO DISPOSALS 

21 Lodge Lane, N. Finchley, London, N.12. 5 miss. IrOM Tally Ho Corner. (9461_)e 

RACAL  COMMUNICATIONS  RECEIVERS. 
500kc/s 30mc/s in 30 bands 1MHz wide. RA17 
£1.50. RA17L E200. Or a few as new £250. 
RA117E £300, all air tested, supplied with full 
manual, dust covers, in fair condition, new metal 
louvred case for sets £25. RA98A SSB-ISB adap-
tors, new and boxed with manual £75. RA96D 
used with manual, £75. RA218 558-ISB adaptors 
and fine tune units for RA117 £65. 

MARCONI TF8010/68, £150. 

MARCONI R.F. RADIATION & POWER METER. 
0A1430 (CT477), as new, in grey metal case with 
full manual, power meter FX range, 10mc/s to 
lOgc/s, complete with X-S-L band aerials, £50. 

MUIRHEAD FACSIMILE EOPT. TX 0901 0/5 £50. 
RX D900 D/S or P/D £75 each. 

WEATHER SATELLITE. RX 0900 S/1A or S/2A 
£125 each with manual. 

EXTEL TRANSTEL MATRIX PRINTERS. 5 level 
Baudot Code. Accepts speeds up to 300 bauds, 
Supplied set to 50 and 75 bauds switched. 
Tested with manual, £165. 

All items are bought direct from HM. Govern-
ment, being surplus eqpt. Price is ex-works. 
S.A.E. all enquiries. Phone for appointment for 
demonstration of any item. JOHNS RADIO, 424 
BRADFORD ROAD, BATLEY, YORKS. TEL 0924 
478159 (9.30 a.m.-1 p.m.). 

18481 

TEKTRONIX 465 oscilloscope, mint 
condition,  calibrated,  other  test 
equipment, -  Phone , 0582-425721. 

DIGITAL WATCH TESTER. Placing 
a digital watch on the sensor pad 
gives immediate readout of time-
keeping. Accurate, attractive instru-
ment uses. Built-in off-air frequen-
cy standard. Offers invited for full 
manufacturing data, including pre-
sentable prototype. 073 088 317. 

(986 

GRUNDIG  SATELLIT  2100.  Multi 
band  radio.  £180.  -  Telephone 
Southend-on-Sea 588359.  (976 
ASR 33 data terminal, good condi-
tion including paper tape I/O, stand 
and all operator manuals, £240. - 
Telephone 01-946 3464.  (998 

6800 PARTS: 6802 MPU £6.50: 6821 
-PIA £2.50; 8845 CRT Cont. £13.50; 
6850 ACIA £2.50;  2716J-8 UV £5.00. 
All to full spec. Postage £0.40. - 
M.  S.  Alexander,  83  Strachan 
Avenue, Dundee DD5 1RF.  (994 

ADVANCE  SWITCH  MODE  SUP-
PLIES, unused 5V at 40A £175. 24V 
at 15A £225. 5V at 20A £135. Tele-
type  33  keyboard  punch  reader 
£250. Prowest 24in SA B/W monitor 
£150.  -  Telephone  Chesham 
(02405) 71432 evenings.  1996 

COSSOR 75MHz PORTABLE DUAL 
TRACE SCOPE, delayed sweep, ex-
cellent  condition with  handbook, 
£295. - Phone (02556) 6540, Frin-
ton.  (989 

BREAKER BREAK. Build your own 
CB rig (27 MHZ transceiver), full 
circuit diagram and parts list. All 
components available in UK. Send 
a large SAE and £2.95 to P. Sher, 
wood. 89 Avlestone Walk, Manchea-
ter M10 91)1U, I'm on the side. 

(991 

SET INTO TELEPHONE ANSWER-
ING  SERVICING.  Telstor  (old 
model) operational manual, £4.50. 
Autophone manual £3.75. Old model 
Telstor spares available. SAE en-
quiries. G. Hay, 189 West Hendon 
Broadway, London NW9. 01-202 3344 
(Callers by appointment please). 

NEW 1981 
MODERN ELECTRONIC 
CIRCUITS REFERENCE 

MANUAL 

by Markus  Prjce: £32.50 

RADIO AMATEUR HANDBOOK by 
ARRL 1981 ed.  Price: Ele 
THE ART OF ELECTRONICS by P. 
Horowitz  Price: £13.50 

WORLD RADIO TV HANDBOOK, 
1981 edition  Price: £10.50 

ELECTRONIC PRINCIPLES 2nd ed. 
by A. P. Malvin°  Price: £4.35 

MANUAL OF ELECTRONIC SER-
VICING TESTS AND MEA-
SUREMENTS by R. Genn 

Price: £10 

INTRO. TO DIGITAL FILTERS by T. 
Terrell  Price: £6.95 

MICROPROCESSORS AND 
MICROCOMPUTERS FOR ENG. 
STUDENTS AND TECHNICIANS by 
B. Wollard  Price: £5.65 

USING CP/M A SELF-TEACHING 
GUIDE by J. Fernandez 

Price: £6.75 

WALL PRICES INCLUDE 

POSTAGE * 

THE MODERN BOOK CO. 
Specialist in Scientific 
& Technical Books 

19-21 PRAED STREET 
LONDON W2 1NP 

Phone 402-9176 
Closed Sat. 1 p.m. 

(9974) 

G.W.M. RADIO LTD, 40/42 Portland 
Road, Worthing, Sussex. Telephone 
34897 for surplus,  wholesale and 
retail. Ex-Government and Marine 
Communications receivers for cal-
lers. Changing stocks of test equip-
ment, part exchanges, etc. Radio 
telephone  equipment  supplied  to 
the trade. Model 7 Avometers £32 
incl.  Some  Avometer  movements 
available for selection by callers. 
Dashboard watches by Golay £35 
each incl. WANTED end lots and 
runs for shop and mail order. Test 

pment, Large or small lots of 
factory  surplus. RIT sets  and 
systems. 

.1 hours VIDEO FOR SAli tapes 2 \E.  Philips N1700 
VCR LP plus si 
each.  Excellent  ,condition.  Little 
used. £245. Private, sale. Tel: office 
hours 01-460  6174.  Also,  5C/450A 
valves. Two for sale. Any offers. 

11007 

TELETEXT TEXAS  XMII  decoder 
module complete with infra red, 
remote control and data, £65. Phone 
Mirfield 499298 evenings.  (983 

MANUFACTURER has surplus test 
VACUUM  EQUIPMENT.  Edwards  equipment  and  components  for 
12in coating unit.  Also  140 LIS. sale, large SAE for list. R. Dutton, 
Ion pump and chamber. Ion gauge.  80 Wheatland Lane. Wallasey, Mer-
Fleet 3266.  (1012 t seyside L44 7Eli.  (970 

EXCLUSIVE OFFER 
RACK MOUNTING CABINETS 
HIGHEST QUALITY 19. 

Ref  Ht. width  13epth'  Price 
PE  10  21  13  £10.00 
LLI 0  54  21  18  £20.00 
rr  64  25  26  £45.00 
SL " 71  25  26  £50.00 

85  22  24  £70.00 
Uniframe, single  £30.00 
Unifrarne, double  £40.00 
Uniframe, triple  £50.00 

0/er 60 types available from 12 to 90 high. 
Also twins, triples and consoles. Above are only a hew 
types. Please wed for full list. 

AUDIO AND INSTRUMENTATION-TAPE 
RECORDER-REPRODUCERS 

* Ampex PR10 4 track 1/4" 
* Ampex FR1300 7 track 1/2 " UHER 4000 1/4" 
* Consolidated 3800 7 track 1/2 " 
* Plessey 1033 Digital Units. 7 track 1/2 " 
* Plessey M5500 Digital Unit 7 tracks 1/2 " 
* Ampex ER-1100. 6 speeds, stereo 1/4" 
* Ampex FR600. 4 speeds, 7 track -i/7" 
* D.R.I. RC-I. 4 speeds, 4 tracks 1/4" 
* Min-com CMP-100. 6 speeds, 7 tracks 1/4", 1/2", 1" 
* 3M. H. 4 speeds 14 track 1" 

Prices of shove £70 to £500 
Also Transport Decks only available 

We have a large quantity of "bits and pi'eces" we 
cannot list - please send us your requirements. We 
can probably help - all enquiries answered. 

* Hewlett Packard 400H VTVM Meters 
* Hewlett Packard 211A Sq. Wave Gen   
* Astrodata & lkor Meteorological Equipment 
* Ion Pump E.H.T. Power Supplies  £60.00 
* Haynes D.W. 500W Cased Transformers 
240/115V  £14.00 

* G.B. Ka lee Flutter Meters. Model 174013  £60.00 
* Tektronix 551 Scopes  £160.00 
* Tektronix 555 Scopes  £1130.00 
* Teleonic VR2M Sweeps  £150.00 
* Hell Schriber RC-28  £75.00 
* Lenkurt Model 260 Data Sets  £90.00 
* Aerial Multicouplers from  £25.00 
* Marconi TF 1168 Disc Oscillators  £90.00 
* Hughes Memoscopes  £120.00 
* News Clarke 1306 VHF Receivers  £260.00 
* Telefunken Surveillance Receiver  £175.00 
* Helix Aerials 11" & 18" and Reflectors  £18.00 
* Textronix 543A Oscilloscopes  £58.00 
* Textronix 561A Oscilloscopes  £140.00 
Simon Mobile 80 foot Tower Hydraulic 60ft extended, 
12' 6" closed. Mounted on 4-wheel drive Bedford 
Truck, self levelling, raised and lowered in 10 
minutes. Used for servicing dish aerials  PIER. 

* Racal RA-17 P Receivers Inewl  £750.00 
* Collins KYVT 6 Transmitter Receivers SSB .....PUR. 
* B & K 2407 Electronic Voltmeters  £90.00 
* Winston "5" Band Spectrum Analysers  P.U.R. 
* Airmec 352 Sweep Generators D  £130.00 
* Advance Transistor Testers TT 1S  £35.00 
* Marconi TF 329 Magnification Meters  £140.00 
* Marconi TF 801/D/1 AM Signal Generators£160.00 
* Ferranti 7.5KVa Auto Voltage Regulators-. £150.00 
* Manson TFM-101 Multipliers  £190.00 
* Servomex 2kw Auto regulators  £100.00 
* 1250. Lattice masts, 24 sides  P.U.R. 
* 30ft. Lattice Masts, 15" sides  £115.00 
* 10ft Light Lattice Sections, 6" sides  £1800 
* EMI 1/2" Audio Tape 3600ft 101/2 " nab. New,. .64.50 
D.R.I. Model RC-1 Professional Tape Recorder-Repro-

ducers. 4 tracks 1/4 " 4 speeds. 
17/9", 33/4", 71/7" & 15", 4 amplifiers Monitor Scope 
All rack mounting St Transistorised  £250.00 

* 5E4/213 C.R.T.s  £15.00 
* Racal 3 & 6 KCS S.S.B. filters  £14.00 
* AVO CT 471A Electronic Multimeters  £60.00 
* Stonorette L Tape Recorders  £29.00 
* Urnselectors. 10 Bank 25-way  £3 50 
* Multi-purpose Trolleys with Jacks 19 x 17 .... £16.00 
* Advance 3KVA CV Transformers  £120.00 
* Metal V.D.U. Tables 30" x 36" x 30"  £24.00 

Al ow Model equfpneeett le perefemlenel MOD quality 

* Collins 51J4 Receivers  £220.00 
* Plessey PV245 Panoramic Receivers  £190.00 
* Grainger H-F Log Aplicoder Aerials  PUR 
* Racal RA 117 Complete stations  £390.00 
* Leak Stereo 20 Amplifiers  £30.00 
* GEC TT-100 Valves  £4000 
* Ink Jet Recorders  £180.00 
* Racal MA-796 Drive Units  £180.00 
* Optron Optical Encoders  £80.00 
* Ampex Bulk Erasers  £95.00 
* Eimac 6156 Valves  £21.00 
* Clare Flash testers  £50.00 
* Advance Signal Generators H1E-J1  £30.00 
* Bradley CT 471B VT Multi Meters  £60.00 
* Westrex Multi Cellular H.F. lens Horns  £40.00 
* General Electric 200/600 KHz 500 watt trans-
mitters   

* Plessey PR 1556 filter Modulators  £45.00 
* Marconi HR-23 ISB Receivers  £220.00 
* K.B. Discomatic Domestic Juke Boxes  £90.00 
* SCR-625 Mine Detectors in chests  £40.00 

£95.00 
£80.00 

MANUALS 

We have a quantity of Technical Manuals and 
Periodicals of Electronic Equipment, not photostats. 
1940 to 1960. British and American. No lists. 
Enquiries invited. 

* Data Efficiency Respoolers 240v  E28.00 
* Belling Lee 100 Amp Interference Filters  £76.00 
* Oscilloscope Trolleys from  £18.00 
* Racal MA1978 pre-Selectors  £65.00 
* Rack Mounting Operator Tables   
* 75ft. Aluminium Lattice Masts, 20" sides.... £400.00 
* Racal MA-175 L.S.B. Modulators (new)  £45.00 
* Tally 5/8 Track Tape Readers track spooling £65.00 
* Racal RA-63 SOB Adaptors, new  £70.00 
* Racal RA 2981.0.B. Transistorised Adaptors (new) 

£120.00 

We have a varied assortment of industrial and 
Professional Cathode Ray Tubes available. List on 
request. 

PLEASE ADD CARRIAGE AND V.A.T. 

P. HARRIS 
ORGANFORD, DORSET 

BH 16 6BR 
(0202) 765051 

(8981) 

ARTICLES FOR SALE 

TELETEXT, TV SPARES & TEST 
2QUIPMENT.  TELETEXT.  Latest 
LAKE external unit kit incl. Mullen( 
Decoder  6101VML  and  infra-red 
remote control £258, p/p £2.50 (fur-
ther details on request). Also 1010 
external unit kit incl. Texas XM11 
decoder, special offer price £168, 
p/p  £2.50.  Both  kits  incl.  CHI' 
modulator, and plug into TV set 
aerial  socket.  SPECIAL  OFFER 
TEXAS  XM11  Decoder,  new  and 
tested, limited quantity at  price, 
£65, p/p £1.40. Stab, power supply 
(Sy) for Teletext decoders, £5.89, 
p/p El. Thorn design XM11 inter-
face  unit,  £1.80,  p/p  80p.  NEW 
SAW FILTER IF AMP PLUS TUNER 
(complete & tested for sound & 
vision),  £28.50,  p/p £1.  COLOUR 
BAR & CROSS HATCH GENERATOR 
KIT (MK4) PAL, UHF aerial input 
type,  8  vertical  , colour  bars, 
It-Y, B-Y, grey scale, etc. P/B con-
trols £35. Batt holders £1.50 or stab. 
mains power supply kit £4.80, De-
luxe case £5.20 or alum. case £2.90, 
p/p £1.40, Built & tested in De-luxe 
case  (battery)  £58,  p/p  £1.50. 
CROSS HATCH KIT UHF aerial In-
put type also gives peak white & 
black levels, batt. op. £11, p/p 4Sp. 
Add-on  GREY  SCALE  KIT £2.90, 
p/p 35p. De-luxe case £5.20. UHF 
SIGNAL  STRENGTH  METER  KIT 
£17.50. Alum. case £1.80. De-luxe 
case £5.20, p/p £1.40. CRT TEST & 
REACTIVATOR KIT for colour & 
mono  £22.80,  p/p  £1.70.  THORN 
9000 Touch Tune Remote control 
receiver  unit  plus  transmitter 
handset  £16,  p/p £1.40.  THORN 
9000  Fascia incl.  channel select. 
indicator,  set  controls,  speaker, 
£5.80,  p/p  £1.60.  TV SOUND  IF 
TRANSTD. Tested, £6.80, p/p 85p. 
BUSH SURPLUS IF PANELS. A816 
£1.80, TV312 (single I.C.) £5, Z718/ 
BC6100 £5, A823 (Exp) £2.80, p/p 
85p. BUSH Z718/BC6100 Line Time 
Base Panel Z904, incl. LOPT, EHT 
stick. Focus, etc., 18in or 22in, £15. 
p/p  £1.60.  BUSH  161  series  TB 
panel A634 £3.80, p/p £1.20. DECCA 
colour TV Thyristor Power supply 
£5.80, p/p £1.40. GEC 2010 series TB 
panel £1, p/p 90p. GEC 2040 CDA 
panel £4.50,  p/p £1.20.  PHILIPS. 
G6 S/S cony. panel £2.50, p/p £1.20. 
GB Decoder panels for spares £1.80, 
p/p £1.20.  G9 Signal panels for 
small  spares  £3.80,  p/p  £1.20. 
THORN 3500 Line TB panel £5, p/p 
II, 3000 ex-rental panels IF, VIDEO, 
DECODER, £5, p/p £1.20. 8000/8500 
TB salv/spares £4.80, p/p El. 9000 
Line TB (incl. LOPT) salv/spares 
£7.50,  p/p  £1.60.  COLOUR SCAN 
COILS (Mullard or Plessey) £6, p/p 
£1.80. Yoke £2.50, p/p £1. Blue Lat 
75p,  p/p  35p.  Mono  Scan  Coils 
(Thorn, Philips, Pye) £2.80, p/p £1. 
VARICAP UHF TUNERS.  Mullard 
U321 £7.80, ELC1043/05 £5.50. G.I. 
£3.50. Salv. (asstd) £1.50, p/p 45p. 
Varicap UHF/VHF ELC2000S £8.50, 
Bush (dual) £7.50, p/p 70p. TOUCH 
TUNE  CONTROL  units,  Bush  (6 
pos) £4.50, p/p 80p. VARICAP CON-
TROL UNITS 3 pos. £1.20, 4 pos. 
£1.50, 5 pos. £1.80, 6 pos. £1.80, 6 
pos. special offer £1, p/p 45p. UHF 
transtd. Tuners (rotary) incl. s/m 
drive £2.50, 4 pos. P/B £2.50, 6 pos. , 
P/B £4.20, p/p £1.20. (Special types 
available,  details  on  request). 
DL50 Delay Line £2.50, p/p 50p. 
Large selection of LOFTS, Triplers, 
Mains Droppers, and other spares 
for popular  makes  of colour  & 
mono receivers. PLEASE ADD 15% 
VAT TO ALL PRICES. - MANOR 
SUPPLIES, 172 WEST END LANE, 
WEST  HAMPSTEAD,  LONDON, 
N.W.6. SHOP PREMISES. Tel. 01-
794  8751.  Easily  accessible  W. 
Hampstead Jubilee Tube St  Brit 
Rail N. London  (Richmond-Broad 
St.) and St, Pancras-Bedford. Buses 
28,  159,  2, 13.  Callers welcome. 
Thousands of additional items not 
normally  advertised  available  at 
shop premises. Open daily all week 
incl. Saturday (Thursday half day). 
MAIL ORDER: 64 GOLDERS MANOR 
DRIVE,  LONDON  NW1I  9HT. 
PLEASE  ADD  15%  VAT  to  all 
prices.  (60 

OSCILLOSCOPE  H-P175A,  delayed 
timebase,  £250,  Gould  0S1000A 
£220.  Telequipment D43  £50.  S51 
£60.  S52  and  052 £70. All good 
working order, with manuals. Con-
sider  offers.  073088317  (Hants). 

(974 1 

THE SCIENTIFIC 
WIRE COMPANY 

SWG 
' 81029 
30 to 34 
35 to 40 
41 to 43 
47 
481049 

P.o. Box 30, London, E.4 

ENAMELLED CU M WIRE 
le. Doz. 4az. 

2.76  1.50  .80 
3.20 1.80  .90 
3.40 2.00 1.10 
4.75 2.60 2.00 
8.37 5.32 3.19 
15.96 9.58 6.38 

2oz. 
.6E1 
.70 
.80 
1.42 
2.50 
3.69 

SILVER PLATED COPPER WIRE 
11 30  6.50 3.75 2.20 1.40 

TINNED COPPER WIRE 
14 to 30  3.38 2.36 1.34  .90 
Priem include P&P. VAT end Who Oda 
SAE for list. Dealer Inquiries welcome' 
Reg Office: 22 Coningsby Gardens. 

(9063) 

INVERTERS 
High quality DC-AC. Also no 
break" (2ms) static switch, 
19" rack. Auto Charger. 

COMPUTER POWER SYSTEMS 

Interport Mains-Store Ltd. 
POB 51, London W11 3BZ 
TI: 01-727 7042 or 0225 310916 

(9101) 

VIDEO 
CONVERSIONS 

5-hour dual speed conversion to Philips 
N1700 VCR now available. Excellent pic-
ture and sound quality in kit version, 
£65; fitted £83. 

1500-01-02 LP conversion too! 
Video in-out modifications 

Evans Video Services 
Video Engineering Specialists 

Tel: 061-439 8696 
19431 

PRINTED  CIRCUITS.  Make  your 
own simply, cheaply and quickly! 
Golden Fotolak Light Sensitive Lac-
quer - now greatly improved and 
very  much  faster.  Aerosol  cans 
with  full  instructions,  £2.25. 
Developer  35p.  Ferric  Chloride 
55p.  Clear  Acetate  sheet  for 
master 14p. Copper-clad Fibre-glass 
Board approx. lmm thick £1.75 sq. 
ft. Post/Packing 60. - White House 
Electronics,  Castle  Drive,  Praa 
Sands, Penzance, Cornwall.  (714 

EQUIPMENT WANTED _ 
TO ALL MANUFACTURERS 
AND WHOLESALERS 
IN THE ELECTRONIC 
RADIO AND TV 

FIELD 

BROADFIELDS & 
MAYCO DISPOSALS 

Will pay you toy prices for any lirge-siOclis'or 
surplus or redundant components which you 
may wish to clear. We will call anywhere 
the United Kingdom. 

21 LODGE LANE 
NORTH FINCHLEY, LONDON N12 8,IG 
Telephone Nos. 01-445 0749/445 2713 

After office hours 958 7624 

(9123) 

CAPACITY AVAILABLE • 

PRINTED CIRCUIT BOARDS. Con-
ventional double and single sided 
PS  boards.  Fast  prototype  and 
production  runs.  Contact  John 
Richards,  Phototechnique,  11  Old 
Witney  Road,  Eynsham,  Oxford. 
Telephone  Oxford  (STD - 0865) 
880645. 

REPAIR SERVICE (PCBs) servicing 
electronic  'PCB  assemblies  our 
speciality.  Programmable  auto-
matic test equipment used to ser-
vice your PCBs, fast efficient ser-
vice.  For  quotation  telephone 
Campbell & Campbell, Shrewsbury 
10743) 65748.  (993 

CAPACITY AVAILABLE 

PCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high volume, single or double 
sided, we specialise in flow line assem-
bly of printed circuit boards. 

Using  the  Zevatron  flow  soldering 
system and on line lead cutting, we are 
able to deliver high quality assemblies 
on time, and competitively priced. Test 
facilities available. 

Find out how we can help you with your 
production. Phone or write. We will be 
pleased to call on you and discuss your 
requirements. 

TW ELECTRONICS LTD. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK 
TEL: 0284 3931 

Sub-contract assemblers and wirers to 
the Electronics Industry 

(9068) 

I.H.S. SYSTEMS 
Due to expansion of our manufac-
turing facilities we are able to under-. 
take assembly and testing of circuit 

boards or co mplete units in addition to 
contract development. 

We can produce, test and calibrate to 

a high standard digital analogue and 
RF equipment in batches of tens to 
thousands. 

Telephone to arrange for ode of our . 

engineers to call and discuss your 
requirements, or send full details for a 

prompt quotation. 

TEL. 01-253 4562 
or reply to Box No, W W 8237 

' (82371 

SMALL BATCH productions wiring 
assembly to sample or drawings. 
Specialist in printed circuits as-
sembly, Rock )5lectronics, 42 BM-
hopsfield, Harlow, Essex 0279 33018. 

(9094 

ELECTRONIC  DESIGN  SERVICE. 
Inunecliate capacity available for 
circuit  design  and  development 
work, PC artwork, etc. Small batch 
and prototype production welcome. 
- E.P.D.S. Ltd., 93b King Street, 
MAIDSTONE, Kent. 0622-577916. 

(9687 

PCB ARTWORK DESIGN SERVICE 
with component notation masters 
and  assembly  drawings.  PADS 
Electrical  Ltd,  01-850  8518,  45 
Southwood Road, New Eltham SE9. 

(7905 

PRINTED CIRCUIT BOARDS. Quick 
deliveries, competitive prices. Quo-
tation on request, roller tinning, 
drilling,  etc.  Speciality  small 
batches.  Larger  quantities  avail-
able.  Boardraven  Ltd,  Lancaster 
Road,  Carnaby Industrial Estate, 
Bridlington,  North  Humberside, 
Y015 3QY. For the attention of Mr 
J. Harrison. Tel:  (0262) 78788. 

(443  

P.C.B.  DESIGNS  on  circuit  dia-
grams,  etc.  Competitive  hourly 
rates, quotes free, cheaper hourly 
rates for solder resists and leg-
ends.  -  Helstead  Designs  Ltd. 
Helstead. Tel: 0787-477408.  (869 

COMPARE our charges, quality 
turnround for printed board a t-
works,  assembly, test and proto-
type  manufacture.  Please  phone 
Sharon  Halthide  on  Chelmsford 
357935 or write to H.C.R. Artwork 
Designs,  1 Bankside,  off  New 
Street, Chelmsford, Essex.  (557 

TAIWAN OFFER PCBs AND ELEC-
TRONIC COMPONENTS. Documents 
printing. Plastic molds and metal 
dies manufacture. Quick delivery, 
small to large batch,  easy pur-
chasing.  -  Hu Mou Enterprises 
Co, Em 3, 6th Fl, 306 Kuang Fu S. 
Rd.,  Taipei,  Taiwan.  Cable: 
HUMOU  Taipei.  Telex:  28564 
HUMOU.  (995 

P.C.B.s WIRING  assembly  looms, 
coils,  instruments, quality design 
'prototype  and  produétion service 
in house or on site. - Batvale Ltd, 
Ely (0353) 778756.  (982 

www.americanrad history.com 
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P.C.B. MANUFACTURE 
AND ASSEMBLY 

Wave Soldering and inspection. High 
quality PCBs from your artwork. Proto-
type design. Artwork trom your circuit. 
Fast turnaround. 

Endean Communications Services Ltd., 
Baileys Mill, The Cliff, Matlock, Derbys. 
(0629) 4929. Tlx. 378267 ECS G. 

(859) 

SMALL  BATCH  PCB's  produced 
from your  artwork.  Also  DIALS, 
PANELS,  LABELS.  Camera  wo e 
undertaken.  FAST TURNAROUND. 
-  Details: Winston Promotions, 
Hatton Place, London ECIN 811V. 
Tel. 01-405 4127/0960.  (9794 

P.C.B. PROTOTYPE and small batch 
production. Design layout, assem-
bly and testing. Fast, relible 
vice.  Wye Valley  ElectronicS,  15 
High St, Lydney, Glos. Tel: Dean 
(0594) 41267.  (365) 

SHEET  METAL  WORK,  fine  or 
general  front  panels  chassis, 
covers, boxes, prototypes. 1 off or 
batch work, fast turnrouad. 01-449 
2695. M. Gear Ltd., 179.8. Victoria 
Road, New Barnet, Herts.  (813 

ELECTRONIC  DESIGN  SERVICES. 
MICROPROCESSOR HARDWARE and 
sorrwARE  design  facilities have 
now been added to our established 
expertise  and comprehensive test 
facilities  previously  available  to 
you for ANALOGUE and COMMUNI-
CATIONS designs.  -  For fastest 
results please phone Mr. Anderson, 
Andertronics Ltd, Ridgeway, Hog's 
Back, Seale (nr. Farnham), Surrey. 
02518-2639.  (275) 

SERVICES 

CIRCOLEC 
THE COMPLETE ELECTRONIC M ANUFACTURING 'SERVICE 

Let us realise all or any part of your project from prototypes to 
production, from artwork design and component sourcing, through 
assembly and test to final quality assurance, packing and delivery. 

We also provide a test, repair and modification service to suit your, 

individual requirement. 

For competitive prices and fast turnaround contact: 

CIRCOLEC, 1 Franciscan Road, Tooting, S. W.17 

Telephone: 01-767 1 233 (544) 

DESIGN  DEVELOPMENT  MANU-
FACTURE. We  can  offer  a high 
quality, professional service, cover-
ing all aspects from original design 
to small batch production. Digital/ 
Analogue prototypes welcome. For 
competitive pricing and quick de-
livery phone Mr. Flower, Digitalis 
Ltd., 9 Milldown Road, Goring-on-
Thames,  Oxfordshire,  Tel:  0491 
873162.  (936 

P.C.B.  WIRING  undertaken  at  a 
competitive rate. Can pick up and 
deliver. Write to Mr D. Pitt,  29 
Bridgswood Close,  Penge,  London 
5E20 l, phone 01-778 1374.  (979 

TURN YOUR SURPLUS Capacitors, 
transistors, etc, into cash. Contact 
COLES-HARDING & Co., 103 South 
Brink, Wisbech, Cambs. 0945-4188. 
Immediate settlement. We also wel-
come the opportunity to quote for 
complete factory clearance.  (9509 

DESIGN  AND  DEVELOPMENT. 
ANALOGUE,  DIGITAL, RF AND 
MICROWAVE  CIRCUIT  AND 
SYSTEM DESIGN. Also PCB design, 
mechanical design and prototype/ 
small batch production. -  Aden-
more Limited, Unit 103 Liscombe, 
Bracknell,  Berks.  Tel:  Bracknell 
52023.  (656 

DESIGN  SERVICE.  Electronic  De-
sign Development and Production 
Service  available  in  Digital  and 
Analogue  Instruments, RF Trans-
mitters and Receivers for control of 
any function at any range. Tele-
metry,  Video  Transmitters  and 
Monitors,  Motorised Pan and Tilt 
Heads etc. Suppliers to the Industry 
for 16 years. Phone or write Mr. 
Falkner, R.C.S. Electronics, 8 Wol-
sey Road,  Ashford,  Middlesex. 
Phone Ashford 53661.  (8341 

 .0 

SOOT CASH 
paid for all forms of electronics equip-
meqt and components. 

F.R.G. General Supplies 
550 Kingston Road 
London SW20 8DR 

Tel: 01-404 5011 
Telex: 242241 Quote Ref. 3165 

(6742) 

WANTED  -  National  calculator 
chips I-C's, numbers htM5749N or 
MM5738N.  Any quantity. -  Tele-
phone: - 0204-27749.  (977 

PRINTED CIRCUIT 
BOARDS 

Manufactured, any quantity, competitive 
prices, roller tinned, photographic and 
artwork services available. 

MAYLAND PCB CO. LTD. 
4 The Drive 

Maylandsea, Chelmsford, Essex 
Tel: 0621 741560 

19971 

P.c.B.  INDIGESTION?  Investigate 
cost of using hybrid modules to 
ease  assembly problems and 
prove  reliability.  Contact  D.  L. 
Bradly, 43 Montague Road, Slough.' 
Phone 38030.  (969 

2716 (+5V) PROGRAMMING. From 
HEX: £4. Duplication: £1. SAE to 
J. Adamson, The Rectory, Oulton, 
NR32 3JX.  (978 

SMALL  BATCH  PRODUCTION  of 
your  designs.  PCB  and  circuit 
design, analogue, digital, software 
design  for  microprocessor  based 
systems. -  Basingstoke 52651. 

(1006 

WANTED 
Test equipment, receivers, valves, transmit-
ters, components, cable and electronic 
scrap, any quantity. Prompt service and 
cash. Member of A.R.R.A. 

M & B RADIO 
86 Bishopsgate Street 
Leeds LS1 4BB 
0532-35649 

CLASSIFIED ADVERTISEMENTS 

!TO MBS SPACE is expensive, why 
store  redundant  and  obsolete 
equipment? For fast and efficient 
clearance of all test gear, power 
supplies, PC boards,  components, 
etc.,  regardless  of  condition  or 
quantities. Call 01-771 9413.  cent 

Use this Form for your Sales and Wants 
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELO W 

To "Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 

• Rate £2 PER LINE. Average six words per line.  NA ME 
Mini mu m £10 (prepayable). 

• Na me and address to be included in charge if 

used in advertise ment. 

• Box No. Allo w two words plus £1. 

• Cheques, etc., payable to "IPC Business 

Press Ltd." and cross "& Co." 

ADDRESS 

• 
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RHODE & SCHWARZ 
Selective UHF V/ Meter. Bands 4 & 5. USVF 
Selectomat Voltmeter US WV £450. 
UHF Sig. Gen. type SDR 0.3-1 Gfiz £750. 
UHF Signal Generator SCH £175. 
XUD Decade Synthesizer & Exciter. 
POLYSKOPS SWOB I and II. 
Modulator/ Demodulator BN 1 7950/ 2. 
UHF Sig. Gen. type SCR. 1-1.9GHz.  

MARCONI 
TF23 6OR TV Transmitter Sideband Analyser. 
TM6936R UHF Converter for above. 
TF1101 RC oscillators  £85. 
'6551 SAUNDERS. 1400-1 700MHz. FM. 
TF10666/1, 10-470MHz. AM/FM. 
TF1 1 52A/1. Power meter. 25 W. 500MHz 
£50. 
TF1370A RC Oscillator £135. 
1791 D Carrier Deviation Meter. 

U.ILF. SIGNAL GENERATORS 
TF1066B/ 2 400-555M Hz. Deviation to 
1 300KHz. 
TF1060/2 450-1250MHz. 
TF1058 1.6-4000MHz. 

'BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diem.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 

PRINTED CIRCUIT MOTORS 
'Printed Motors Ltd' type G1 6 M4. 60V DC. 5.5 
amps. Continuous torque 1400z. in. 2350 rpm. 
Dian-inter 7.5". Depth 2.5". Shaft diam. 1/2  & 
3/4 ". Price from Printed Motors is now over 
CI 50 ea. Supplied in good, used condition, 
.tested & guaranteed £25 each (postage £3).   

AUDIO& RF SIGNAL GENERATORS 
A'DVANCE types H1, Hl E, C2, SG62B, J4A. 
TAYLOR 62A (AM/FM). AVO HF1 34. 
AIR MEC 352 Sweep Generator. 
MARCONI TF1066B/1  (AM/F M  10-
4.70MHz). 

P. F. RALFE ELECTRONICS 
10 CHAPEL STREET, LONDON, N W1 

TEL: 01-723 8753 

RANK KALEE 1742 Wcíw & Flutter Meter. 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
DERRITRON 1K W Power Amplifier with control equipment 
for vibration testing, etc. 
HE WLETT-PACKARD 855113/851B Spectru m Analyser. 
10Mhz-40GHz. 
HE WLETT-PACKARD tuned amp & null detector. 
TF2600 Voltmeter lmV-300Vfsd. 
RADIOMETER Distortion Meter BKF6 £125. 

LABGEAR T.V. PATTERN GENERA-TORS 625-line 
cross-hatch/dot/grey scale £45 (£1 post). 
RANK SIGNAL STRENGTH METERS UHF Channels 
20-60. Battery operated £30 (£1 post). 

TELEVISION TEST EQUIPMENT 
TEXSCAN VS-60B Sweep Generator. 0-1000MHz £250. 
TEXSCAN DU-88 X-Y Display units £95. 
TELONIC 2003 Sweep Generator System £225. 
TELONIC 101 X-Y Display units £75. 
TELONIC 1204 Sweepers 0-500M Hz £150. 
TELONIC 121 X-Y Display units £95. 

LABORATORY OVENS. - Gallenkarnp 3 cu. 
ft. £145. Also Morgan Grundy 1 Cu. ft. £55. 
20- WAY JACK SOCKET STRIPS. 3 pole 
type with two normally closed contacts £2.50 
each (+25p pp). Type 316 three pole plugs for 
above  ea. (pp free). 

OSCH.LOSCOPE SALE 
SOLARTRON CD1400. D / Beam 1 5MHz £150. 
HEWLETT-PACKARD 1707A. 75MHz £450. 
TELEOUIPMENT D75. 
TELEGUIPMENT DM 64 Storage scope. 
DYNAMCO D7100. 
HEWLETT-PACKARD 122A SB. Audio. 
AIRMEC 279. 4 Beam Display Scope. 
TEKTRONIX 581A. 545A & B, 544, 661, 515A. 

DC POWER SUPPLIES 
*APT 10459/8, 12-14V g 5 Amps £25 (£2 p.p.) 
*APT 10459/8, 24V @ 5 Amps £25 (E2 p.p.) 
*We can supply the above power supply at any 
fixed voltage between 5V and 36V at 5A £25. 
*Mullard  Dual  supplies.  Brand  new  with 
handbook. Pos & Neg 12V at 1A and 0.4A respecti-
vely. Dimensions 9x4x5ins. £10 + (f1 p.p.) 
*FARNELL Current limited. Dimensions 7x5x4ins. 
Following types available: 13-17 Volts @ 2A rm. 
27-32 Volts @ 1A 5V £15. 5V @ 3A £15. (pp £1.50). _  _ 

SPECIAL PURCHASE 

LAMBDA POWER SUPPLIES 
Excellent LXS Series DC power units at less than a 
• tenth of new price. The snag? - they're all 110V AC 
Input. Prices as follows: 
5V at 24A. LXS D5 OV R. £25. (List £350). 
15V at 12A. LXS D15 R. £20. (£3391. 
5V at 14A. LXS CC 50V. £20. l£2591. 
24V at 3.1A. LCS C 24. £15. (£223). 

Carriage each £2.50 extra 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. £125 
RADIOMETER AFM/1 3.5-320MHz. AM/FM. £145 
RACAL 4093-600MHz. AM/FM. 

ROTRON INSTRUMENT 
COOLING FANS 

Supplied in excellent condition, fully 
tested: 
115V, 4.5 X 4.5 X 1.5" £4.50. 230V 
£5. 1 1 5V, 3 X 3 X 1.5" £4 + postage 

•  ea. 35p. 

NOTICE. All the pre-owned equipment shown has been carefully tested in 
our workshop and reconditioned where necessary. It is sold in first-class 
operational condition and most items carry our three months' guarantee. 
Calibration and certificates can be arranged at cost. Overseas enquiries 
welcome. PLEASE ADO 1596 VAT TO ALL PRICES. 

CT21 2 RF Signal Generators. 85KHz-3'2MHz 
£55.   

11. BELL & HOWELL MICROFICHE --7,W 
VIEWERS 

*  Type SR5. Screen size 9 X 5" New  * 
If  condition £75. 

DIGITAL MULTI-METERS 
DE FOREST ELECTRONICS TYPE MM200. DC 
V 0-1 KV. AC V 0-700. DC 1.0-1A. AC 1.0-1A 
Each in 4 ranges. Resistance 0-19.99 Mohms 
5 ranges. LED Display 1999. 
BRAND NE W. SPECIAL REDUCED PRICE OF 

£39, INCLUDING VAT & P.P. 

elditeon e (ELECTRONICS) LTD. 

9 & 10 CHAPEL ST., LONDON, NW1  .. 
01-723 7851 

SPECIAL OFFER OF HIGH GRADE EX-COMPU- 
TER AUTO TRANSFORMERS Conservatively 
rated by famous makers, perfect condition, 
fraction of list price Open frame construction 
top panel connections. 4000 watts tapped 0- 
105-115-125.135-200, 215-230-240-260V £45. 
Carr. £4. 3000 watts £39.50. Carr. £4. 500 watt 
tapped 0-90-115-125-200-210-230-240-250 
Volts. Conservatively rated 500 watts £8.75. 
P&P £2. 

HT TRANSFORMERS 
Fraction of maker's price. All primaries 230-
2401/, Pa rrneko potted type 500-0-500V 120 
M/A 6.3V 5A, 6.3V 3A, 5V 2A, £10.95. Carr. 
£2.50 . 
400-300-0-300-400V 250 M/A, 6.6V 8A, 6.6V 
3A, 6.3V 2A £15. Carr. £2.50. _  , 
Opon frame type, 260-0-260V 150 M/A and 
205V 60 M/A, 6.3V 6A, 6.3V 1A, 5V 2A U. P&P 
£2. 
£35105-00-.350V 80 M/A, 6.3V 3A, 5V 2A £4.75, P&P 

250V 100 M/A 6.3V 4.5A, 15V 1.2A £1, P&P 
£1.50. 
170V40 M/A, 6.3V 3.3A £3. P&P £1.25. 
C Core Type 370-390-410V 6 M/A f2, P&P 75p. 
250-0-250V 50 M/A 6.3V 1.5A £3.50, P&P El. 

AC WKG BLOCK CAPACITORS 

MFD  Price 
0.25  1500 

2.7  + 0.B1YFAMOUS MANUFACTURERS 

0,75  440  £0.75 
3  AC Volts wkg. 

135  370  £1eo 440  £1.00 
Z5  440  £1.00 

700  £1.00 
4 £1.00 
5  250 360 aso £125 
7.,  330  £2.00 
15  330  £3.00 

up to 2.5 MFD 25p 
Z7-15 MFD 50p 

' 

01-262 5125 
ADJACENT TO EDGWARE ROAD MET. LINE STATION LATEST PURCHASE. COMPUTER GRADE IT 

TRANSFORMERS. Conservatively rated. All 

PLEASE ADD 15 % TO ALL ORDERS INC. CARR. 
CURRENT RANGE OF NE W L.T. TRANSFORMERS 

OPEN TYPE TAO CONNECTIONS 
ALL PRIMARIES 220-240v 

Type  Sec Taps  Amps  _ Price  Carr 
1  24-30-40-48-60v  12  £38.50  £2 00 
2  24-30-40-48-60v  10  £31.50  £2.00 
3  24-30-40-48-60v  8  £27.50  £1.75 
4  24-30-40.48-60v  5  £14.75  £1.75 
5  24-30-40-48-60v  3  £11.50  E1.25 
6  24-30-40-48-60v  2  £7.50  £1.25 
.  6-8-10-12-16-18-20-24-36-40-48-60v  • • 

CAN BE OBTAINED FROM THE ABOVE RANGE 

7  19-25-33-40-50v  10  £27.50  £2.00 

Primaries 220-240V, No. 1 Secs. 27V 10A, 9V 
3A, 15V ,IA x 2. Separate windings. £8.50. 

, P&P £2. £ &P 
No. 2 sec. tapped 26-31-36V, 11.2A £12. P&p 
£2. 
No. 3 sec. 36V 6A £6.50. P&P £1.50. 
No. 4 sec. 43V 3A £4.75. P&P £1.50. 
No. 5 sec. 24V 2A £2.75. P&P £1.25. 
No. 6 sec. 27.5-0-27.5V 1.2A and 7-0-7V 0.75A 
£3.50. P&P £1.25. 
No. 7 12.6V 6A C Core £5.50. P&P £1.25. 
No. 8 13V 3A and 15V lA £3.5e. P&P £1.25. 
No. 9 18V 2A £2.50. P&P £1. 
No. 10 sec. 29-25-27-0-27-28-29V 350 M/A "C" 
Core £3. P8dIl £1. 
No. 11 sec. 10-7-0-7-10V 0.6A and 29-21-0-21- 
29V 0.37A £3. P&P f1. 

LT CHOICES 
Potted types 100 M/H 2A £4.50, P&P £2. 130 
• M/H 1.15A £2 .50, P&P £1.50. Open types 4.2 
M/H 10A £3.95, P&P £1.75, 2+2 MIN 12A 
£4.50, P&P r£2, 50 M/N 4.4A £4.50, P&P £2. 
Other types up to 40 amps available. Let us 
know your requirements. 

DC WKG BLOCK CAPACITORS 
10 MFD 600V DC WKG £2, P&P 35p. 4 MFD 
350V DC WKG 75p, 6 MFD 350V DC WKG £1, 
P&P 35o 2 MFD 600V DC WKG 50p, 1 MFD 
gm  m,, WK G. 50p. 

Please add 20p per cap postage. 

PARMEKO HT CHOKES 
Potted types 15H 250 M/A £4.50, P&P £2. 10H 
180 M/A £3.75, P&P £2. 10H 120 M/A £3. P&P 
£1.50. 50H 50 M/A £1.50, P&P £1. 15H 75 M/A 
£5  & .0, PP £1. 50H 25 M/A £1.50, P&P £1. 
Swinging type, 5H 40  M/A-4H 250  M/A £3.76,  
P&P £1:50. C-Core type 20H 180 M/A £3.75, 
P&P £2 Open types 25H 60 M/A £2, P&P £1. 

SPECIAL OFFER I2V DC CAR 
_.  ANTENNAS 
rive sections, 1 metre fully extended. 
Complete with dashboard control 
switch, leads and mounting brackets. 
These aerials all need slight attention. 
, ut motors ,,,eir. runners, £3.95, inc. 
poslatle, Pies 

8  19-25-33-40-50v  6  £19.50  £1.75 
9  19.25-33-40-50v  3  • £9.25  £1.25 
10  19-25-33-40-50v  2  £7.75  Et .25 

5-7-8 10 13-15-17 2(1-25 30 40 50v 
OR 25-0-25v OR 20-0-20v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

11  12-15-20-25-30v  10  £18.50  £1.75 
12  12-15-20-25-30v  5  £10.50  £1.50 
13  12-15-20-25-30v  2  £6.25  £1.25 

3-4-5-6  15-18-20-24-30v 

HEAVY DUTY LT C CORE 
TRANSFORMERS 

PRI 110-220-240V sec. 12V 40A £22.50. 
Carr. £4. PRI 110-220-240V secs  14V 3V 
11/2  1V. Separate windings  40A eac h, 14- 
15-151/2 -17-18-181/2 -19-191/2V at 40A £25. 
Carr. £4. PRI 220-240V sec. 140V CT (70- 
0-70V) 10A size 7 x 7 x lino. top panel 
connections £29.50. Carr. £5. 

25H 25 M/A £1.50. 1801-124 M/A £4, P&P £2. 
PARMEKO OUTPUT TRANSFORMERS 

We are open all day Saturday. Hun dreds 
of bargains for callers. Stockist of 
Switches Relays Caps Resistors etc •  "  , ' Please remember to add 15% VAT to all 
Mail Orders. 

10 watts, PRI 800011 cl. Sec. 4-8-161/ for 2 EL134 
valves. Atlantic potted series £4.95. P&P 
£1.50. Ferman multi-tapped Op Transformers, 
type MRT/3 7 watts max. DC60 M/A 2/3117.511 
15n. Data sheet supplied £2.25, P&P 75p. 

8 9 10-12 
OR 12-0-12v OR 15-0-15v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

14  12-24v  12v 60A, 24v 30A  £39.50  £3.50 
15  12-24v  12v 30A, 24v 15A £19.50  £2.00 

HEAVY DUTY ISOLATION TRANSFORMERS  
240-240V ex -computer  equ ip Large 
selection available 10-15 amps. Fraction of 
maker price. Telephone for further details. 

t  • 
AEI20 MP CONTACTORS Ament. 
BRAND NEW BOXED 

FRACTION OF MAKER'S PRICE 

ARRO W HEAVY DUTY SWITCHES 
2 Pole make an d 2 Pole break  250V  AC  30  amp   
contacts, recessed, panel-mounting, £1.25, 
P&P 50p. 

Type  Coll  Contacts  Price 
voltage 

0652  415V AC  3M 18  £1.50 
0655  415VAC  4M  £150 
0648  110VAC  4M 48  £1.50 

METWAY BAKELITE TERMINAL BLOCKS 
12-way 30 amps packs of ten £4.50, P&P £1.50. 
Cinch 37-way cable soc ket ex -computer  
equipment £1.50. Post paid. 

16  12-24v  12v 20A, 24v 10A £15.25  £2.00 
17  12-24v  12v 10A, 24v 5A  £8.75  £1.50 
18  I 2-24v  12v 4A, 24v 2A £4.25  £1.25  

HEAVY DUTY MI:Li-RAPPED 
TRANSFORMERS 

Ex-computer equipment Top panel connes- 
tions, PRI 220-240V, 

HEAVY DUTY OP TRANSFORMERS 
Type OT28EL 100 wa tts, 3.7511, 7.511, 1511, 1.75K CT, 4 EL34 
2x25 m/a dc max. £15.50, P&P £1.25. Type 0729EL 50  watts , 
3.7511, 1511,3.5K CT, rated 2x125 m/a dc max £8.95, P&P £1. 

secs . 36V 21 A. 19.5V  23A, 
47.5V 5A, 31.75V 9A, 19.5V 13A, 47.5V 5A, 36V 
4A, 11.5V 12A, 36V 1 A seven  times.  All  
separate windings, £35 carr . 

0650  110VAC  6M 28  £1.50 
0653  110VAC  4M  £1.25 
0654  110VAC  2M 28  £1.25  
0651  110VAC  3M 18  £1.25 
0649  42VAC  I 6M 28  £1.50 
0647  42VAC  4M 48  £1 50 

CRESSALL RHEOSTATS 
Type S150 4 inch dia. 11 150 watts, new  
and boxed £3.50, P 75p. erco 1½,n, die, 
150011 25 watt £1, &P 50p, 5 fl 25 watt £1, 
P&P 50p. 

A A UTO STEPDOWN TRANSFORMERS 
FOR AMERICAN EQUIPMENT 

240/110 Volts. 80-2250 watts. Regular stock line. Types 80- 
1500 watts are fully shrou ded. Fitted with American two  or 
three pin socket outlets and 3 core 240V mains lead. Types 

TRANSFORMERS PRI 220'-240HVEA.:D18UVTY27CA f040RvEiLoTA,  e  V 4A, 

25V 4A, 52V 1A. All separate windings, £2750. 
Carr.  £5. 

P&P 25p kg 
HEAVY DUTY 240V DC 

CONTACTORS 

HEAVY DUTY HT TRANSFORMERS 
PRI 220-240V sec. tapped 150-168V. Conserve - 
lively rated at 3 amps, top panel connections, 
£ 95,  P8IP £2. 
C Core PRI 220-240V, sec . 250-0-250V £7.50, 
P&P £2. 60 M/A 2.8-0-2.8V 28A, 5V 2A, 6.3V 
3A, 24V 3A £7.50, P&P £2, 

Single pole make 100 amp contact £3.50, P&P 
£1. 'Two pole make 10 amp contacts and 2 
pole make 5-amp contact £1.75, P&P 75p. 

Standard open type relaV single-hole fixing 
AC240V 3 CO 7-amps £1, 2 CO 7-am p 85p, AC 
110V 3 CO 7 amps 85p, 48V DC 3 CO 85p. Plug-
in type AC 12V 1 CO £1. P&P 25p per relay. 

1750 and 2250 watts are  stee l case d with two  American  
socket outlets. Neon indica tor, three  core  ma ins lead  and  
carrying handle. Send SAE for price list an d furt her deta ils. 
American sockets, plugs, adaptors  also  ava ilable. 

PARMEKO CASED TRANSFORMERS 
PRI 240V sec. 50V CTE 250 watts conserve- 
lively rated. Fitted mains on/off switch £10. 
Carr. Ea 

GARDNERS UNIVERSAL LT TRANSFORMERS 
Open frame top panel connections. PRI 120-240v secs 1v 

3v twice, 9v twice, separate windings, all at 6.4 amps. 
Conservatively rated. The following voltages can be obtained 
1-13v, in steps of one volt twice and 1-0-1v-13-0-13v in one 
volt steps, and 1-13v 125A £9.75 P&P £2 

P61 240V sec. 25V 60VA, fitted out put soc kets , 
mains on/off switch and fuse. £8.50. P&P £2. 
PRI 24.01, sec. 12V 50VA, fitted input and out. 
put sockets. On/off switch and fuse, £7.50. 
P&P £2. Above transformers are designed for 
low voltage lighting. Supplied brand new at a 
fraction of maker's price, 

PARMEKO IT SAFETY TRANSFORMERS 
Totally enclosed, fitted with mains on/off 
switch, spring type output terminals, mains 
240V mains lead. Output 6 or 8V 8A. Ideal 
bench transformer. Brand new. Fraction of 
maker's price. £5.50. P&P £1.50. 

AC240V BLOWERS 
Ex-computer equipment, perfect condition, 
robustly housed in metal frame, overall size 
1 lx7x7ins. Ir outlet size 4x3ins. Motor spec. 
1300 rpm cant rated, cap, start, cap. inc. with 
motor, quiet running £4.95 carr. £2. 

w ww.a mericanradiohistorv.co m 
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sale 
ANALYSERS 
TEKTRONIX 1L5 L.F. Spectrum Analyser Plug In. 50Hz-1 MHz  £00.00 
TEKTRONIX ILIO Spectrum Analyser Plug In 1MHz-36MHz . £700.00 
PARAMETRON 477 L.F. Spectrum Analyser 1MHz-50MHz ... £800.00 

BRIDGES 
GEN-RAD 1607A Transfer Function and Immittance Bridge, complete in 
wooden box   £300.00 
MARCONI 868B Universal Bridge IKHz-10KHz Source 1%  £75.00 
MARCONI 1313 Universal Bridge 0.25%   £50.00 
WAYNE KERR B.641 Auto Balance Bridge 0.1%   £75.00 

COUNTERS 
HEWLETT-PACKARD 5245L + 5253B 8 Digit 500MHz   
MARCONI TF.2411 7 Digit DC-5OMHz   

£350.00 
£85.00 

DIGITAL MULTIMETERS 
KEITHLEY 130 31/2 Digit D.M.M., NE W   £78.00 
Case for above   £7.00 
FLUKE 8100A 3Y2 Digit DC/AC Volts and Resistance    £5.00 

M ARTIN ASSOCIATES 
71 Basingstoke Road 
Reading, Berks. 
Tel. Reading (0734) 868109 

METERS 
HEWLETT-PACKARD 3400A RMS Voltmeter 10Hz-10MHz .. £295.00 
DYMAR 711 Millivoltmeter   £65.00 
. MARCONI TF.791D Carrier Deviation Meter 4MHz-1024MHz   £100.00 
MARCONI TF.1020A R.F. Power Meter 250 MHz 100W 50 Ohms £100.00 
MARCONI TF.2600 Sensitive Valve Voltmeter 10Hz-5MHz   £130.00 
MARCONI TF.1245/46/47 "Q" Meter and 2 Oscillators 1KHz-300MHz 

£750.00 
HEWLETT-PACKARD 130 L-C Meter luH-300uH and 1pF-300pF 
  £25..0.0 

SIEMENS 3U84alb Thermal Milliwattmeter 1-500m W 12.5GHz  £120.00 

OSCILLOSCOPES 
COSSOR CDU.150 D/Beam DC-35MHz 5mV/cm   £300.00 
HEWLETT-PACKARD 141A D/Beam DC-20MH2 Storage  £350.00 
NEW Oscilloscope Kikusui 5520 DC-20MHz Sens. lmV/10MHz   £230.00 
TEKTRONIX 432 Oscilloscope DC-25MHz Sens 10mV/div.  £400.00 
TELEQUIPMENT D.83 D/Beam DC-50MHz   £850.00 
TEKTRONIX 603 Storage Monitor   £600.00 

PROBES 
TEKTRONIX P.6105 X10 DC7100MHz 
TEKTRONIX P.6056 X10 DC-3.5GHz 
TEKTRONIX P.6057 X100 DC-1.4GHz 
TEKTRONIX P.6075A X10 200MHz 
TEKTRONIX P.6430 Temperature Probe -85°C to +150°C 

£40.00 
£60.00 
£60.00 

  £50.00 
  £75.00 

SIGNAL SOURCES 
ADVANCE PG.52B Pulse Generator c/w P6:P1A:P2A: P3A Plug Ins 
  £550.00 

AIRMEC 304 Power Oscillator 50KHz-100MHz 10V into 50 Ohms 

AIRMEC 365A AM/FM Generator 1-320MHz 50 and 75 Imp .. £225.00 , 
HE WLETT-PACKARD 606B H.F. Oscillator 50KHz-65MHz 50 Ohms 

£500.-0.0 
HEWLETT-PACKARD 8443A Tracking Generator 100KHz-110MHz 
500hms   £000.00 '1 
MARCONI TF.801D /8S AM Signal Generator 10MHz-485MHz  £300.00 
MARCONI TF.1101 R-C Oscillator 20Hz-200KHz    £95.00 
MARCONI TF.6700A Sweep Oscillator 8-12GHz   £1200.00 1 
DECCA EP685AGB Pal Colour Bar Generator   £250.011 
LABGEAR CM.6052/CB Pal Colour Bar Generator   £110.00 

MAGNET DEVELOPMENTS LIMITED 

STANDARD 
OR SPECIAL SIZES 
FOR PROTOTYPE 

WORK OR PRODUCTION 
AVAILABLE AT SHORT 
NOTICE ALL OTHER 

PERMANENT MAGNET 
MATERIALS HELD 
IN STOCK. 

W W - 071 FOR FURTHER DETAILS 

FLOPPY DISK DRIVES 
New Low Prices! 

Unbelievable but True! 
Read On! 

SIEMENS FDD - 100-8/FDD - 200-8 
Fully Shugart Compatible Siemens 8" single and double sided disk drives are 
available now with unbeatable prices at single unit pricing. 

Note these specifications: 

* TRACK 00 SENSING 
* ACTIVITY INDICATION 
* MECHANICAL END STOPS AT 

TRACKS 00 AND 76 
* AUTO WRITE CURRENT 

SWITCHING AT TRACK 43 

FD100-8 
Capacity per disk unfor-
matted 
Bit Density inner track 
Recording Method 
Transfer Rate 
Head Engine Time 
Açcess Time, Track to 
Track 
Settling Time 
Number of Recording 
Surfaces 
MTBF 
MUR 
Power requirements 
AC-Power 
DC-Power 
DC-Power 

FD200-8 
Same as above except 
Capacity per disk unfor-
matted. 
Number of Recording 
Surfaces 

WRITE PROJECT 
CIRCUITRY 
AUTO DISK EJECTION 
FAIL SAFE INTERLOCK WHICH 
PREVENTS THE COVER FROM 
CLOSING ON A PARTLY 
INSERTED DISKETTE 

SINGLE DENSITY  DOUBLE DENSITY 

400 K Bytes 3.2MBit 
3268 BPI innertrack 
FM 
250KBit/sec 
25 MS 

3 MS 
12 MS 

1 
6000 hrs 
20 mina 

240V, 50HZ 
+24V @d 1.8 amps 
+5V @1.3 amps 
5.9kg 

800 KBytes 6.4MBits 
6536 BP1 inner track 
MFM 
500 KBits/sec 

800 KBytes 6.4MBIT  1600 KBytes 12.8 MI3its 

2 

PRICING FDD-1008 FRO M £249.95 EACH 
FDD-200-8 FRO M £360.00 EACH 

IRVINE BUSINESS SYSTEMS 
P.O. BOX 5  TEL: 102941 75000 
IRVINE, AYRSHIRE  TELEX: 777582 

°Reference Number 2235 

The AIRAMCO Mikro 1000 
-The Scottish Solution. 

, The Mikro 1000 is a Scottish built micro-computer which combines 
State of Art technology with simplicity and durability to give a 
powerful small business system at a very competitive price. 

Driven by a 2.5 MHz or 4 MHz Z80 processing unit constructed 
around Industry Standard S100 Bus, the Mikro 1000 is designed 

to provide the ease of expansion necessary in a modern 
growing business or industry - memory is expandable 
from 32K to 256K, with up to 4 Megabytes of on-line 
disk storage. 

The integral VDU has an 80 cols. x 24 lines screen, and 
incorporates a green phosphor CRT, while the 117 key 
keyboard can be used remotely from the main body of the 

machine, and may be programmed for user functions such as word processing commands. 

As well as supporting all CP/M based languages, the Mikro 1000 has a full range of business software, including Sales, 
Purchase and Nominal Ledger, Inventory Control, and Payroll, as well as Word Processing (which is available at even 
lower cost as a separate system on the Mikro 1000 WP). 

For further information on either Mikro 1000 system, please contact: 

airam 
AIRAMCO LIMITED 

Unit A2,  Longford Avenue, Kilwinning Ind. Est., 

Kilwinning,  Ayrshire, KA22 8NP. 

Tel: 0294 57755  Telex: 779808 

W W-076 FOR FURTHER DETAILS 

Famous for its total coverage, detail and accuracy, the 
ELECTRICITY SUPPLY HANDBOOK usually sells out fast - so 
ensure your copy and post the coupon below, today! 

• Over 2,000 names/and locations of executive personnel 
Electricity Council, C.E.G.B., Area Boards and other 
organisations. / 

• Major authorities, government departments 
associated with the electrical industry. 

• U.K. power stations, Area Board statistics, 
electricity tariffs, electrical associations. 

• Pull out map of C.E.G.B. Regions, power 
stations and transmission lines. 

• Bound in maps of Area Boards. 

in the 

WM BIM Ma  WM BIM WM Ma BM MIN 

PUBLISHED 
MARCH 1981 

Price £6.00 
incl. postage 

a Ma 

To: General Sales Department, Room 205, Quadrant 
House, The Quadrant, Sutton, Surrey, SM2 5AS. 

Please send me  copy/ies of ELECTRICITY 
SUPPLY HANDBOOK 1981 

Name 

Address 

TChoemeunaydrraengti',(Seruetdtoinn, Esn ug nt ae yn sNmo2. 657A7s1.28 Reg. Office, Quadrant House, 

11. Ma Ma 1111.1 BIM WM Mil Ma  MIMI WM Mil NMI  Mil 
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COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey 
• 

TELETYPE Model ASR 33 with 20 mA current loop or RS232 interface. 110 Baud, remote reader control 
(which may be disabled by insertion of a jumper), paper tape reader/punch & stand (when available) 
  rom £195 

TELETYPE Model KSR 33. As above, but without paper tape facility  £150 
DATA DYNAMICS Model ASR 390. Mechanically Identical to ASR 33 but with addition of 240v operation, 
motor cut out feature, reader single stop, stand and silencing cover. RS232 interface. With low hours and • 
in immaculate condition   
DATA DYNAMICS Model KSR 390. As above, but without tape reader  and  punch.  RS232/V24.  110 Baud £150 

DATA DYNAMICS Model RO 390. As above, but printer only  £120 
DEAN Model 9030. Desk-top terminal similar to DECwriter LA36. Upper/lower case matrix printer, up to 
300 Baud. Features switchable Baud rate, parity, keyboard and duplex options  £190 
TEXAS SILENT 733 KSR terminal. 30 cps dot metric terminal using thermal paper. With 20 mA current 
loop interface  £275 
TEXAS INSTRUMENTS Model 743 portable terminal with V24  & 20  mA  interface. Dated 1979 and with 
BRAND NEW printhead £475 
FIEL Model 1051. IBM SELECTRIC (Golf ball) typewriter based terminal.  With  standard  RS232/V24 serial 
interface and optical paper tape reader and punch. EBCDIC coded  £295 

' FEEL Model 1051. As above but tested only so far as typewriter operation. Ideal for those users who wish 
to substitute their own electronics  £195 
GENERAL ELECTRIC TermiNet Model 30 . Upper/lower case matrix  terminal  with  full  ASR  facility using 
twin Philips-type cassette units. V24 interface. Ex-demonstration  £675 
SPERRY-REMINGTON Word Processor. Incorporating IBM I/O typewriter with twin magnetic card sta-
tions, Operating stand-alone; or suitable for conversion to on-line use  £295 
SCRIRONA Word Processor with cassette tape unit and golfball typewriter  £280 
OLIVETTI Model 318 ASR Terminal. 110 Baud printer with papertape reader/punch and keyboard. One 
only available. In excellent condition  £110 
CENTRONICS Model 101A 165 cps matrix printer. With parallel and serial interface options  £275 

R H1 4PA. Tel: Godstone (0883) 843221 , .  . 
POTTER Model LP-3000 High Speed (3001pm) line printer  £s"S 
. BCL Matrix printer. 120 cps with dual tractors and long platen (in excess of 300 col.). Unuired ........  f225 " 
ODEC Model 4000 belt orinter.-65 harn. Parallel TTL interface. Manufactured 1980  £195 
DIABLO SERIES 30 DISC DRIVES. These are offered fully refurbished and may be viewed operating on-
line at our premises prior to purchase. 2.5 mByte removable cartridge version re directly compatible with 
the DEC RK05 drive for PDP/LSI11  £600 
As 'above, but with cartridge removable by enaineer rather than operator  £475 
IOMEX Model 3404 disc drive. 10 mByte capacity with one fixed and one top loading platter. 2400 rpm, 
200 tpi and 2200 bpi. These drivés are complete with documentation and have the industry standard 
interface. IOMEC are no lonoer in business, nevertheless, electronic components are standard and we can 
supply incomplete drives free of charge to buyers. Service is, in any cape, apparently available for 10MEC 
drives BRAND NEW in original boxes  £750  , 
WANGO Model T 1222 disc drives. With one fixed and one top loading platter of 5 mByte capacity total. 
2500 rpm, industry standard interface  i, •  ' ,,.•  £350 
(One only BRAND NEW)  £500 
BURROUGHS disc drives. 2 x 2.5 mByte front loading cartridge in cabinet. Will interface to most control-
lers. Schematics available  £175 
DEC Model CR11 285 cps CARD READER. Without controller  £325 
PERTEC Model 6640-9-25 9-track PE and NRZI taoe drives usually available from itock  £475 
WANGO Model 1025 9-track NRZ tape drives. 2 drives mounted in cabinet (Please enquire for one-off( 
 £1,100 

TREND Model HSR 350.350 cos optical reader with TTL interface  £225 ' 
DATA DYNAMICS Model 1114 high speed tape punch. With parallel TTL interface. With low hours and' 
recently serviced by DATA DYNAMICS. Price includes all documentation  £325 
Please note: 
* VAT and carriage extra all items 
* Visitors welcome, but by appointment please 
* We are keen to bid competitively for all good used equipment 
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16 PROJECTS INCLUDE 

PARKING LIGHT 
BURGLAR ALARM 

TWO TRANSISTOR RADIO 
CHIP RADIO 

COMPUTER COUNTER 
And many others 

THE HOBBYIST 
For everyone who is keen 

on electronics 

ADVENTURES ON THE IC'S 
A SPECIAL £6 OFF INTRODUCTORY OFFER FOR:-

THE STUDENT  THE SERVICE 
A sound practical work  To understand 

programme for examination  with modern 

Ekictrcmlic 
ENGINEER  THE BUSINESS MAN 
and keep up  Basic electronics to help 
progress  understand the subject 

ANYBODY CAN BUILD ELECTRONIC PROJECTS WITH EBBO BOARDS HERE'S HOW TO BUILD AN ELECTRONIC ORGAN. 

Here's the Circuit Diagram  Here's how to  =.•  --

build it on EBBO 

11,4,033 

9,§ 

• --':--. 

COMPONENTS INCLUDE 

1 loudspeaker 

1 variable capacitor 
1 midget potentiometer 

1 ferrite rod 

etart with the resistors take resistor 1 (R1) and push it into hole numbers E23 and GS, take resistor 2 1132) and push it into hole numbers A9 and All and do the same with all the other 
resistors. Then take transister 1 (TR1) and push it into hole number B8, C13 and D18, do the same with all the other components and you have a full working electronic organ. We even 
give you tunes to play. 

What do you need  I 
2 npn transistors (2N3053 or BFY51) 

1 pnp transistor IZTX600) 
1 field effect transistor (2N3819) 

1 integrated circuit (ZN414) 

1 photocell, e.g. ORP12 

1 therm istor, e.g. TH3 

... and many others . 

EBBO DISCRETE STARTER PACK  ADVENTURES WITH ELECTRONICS  COMPLETE PACK OF COMPONENTS 
Normal Price £6.67  Normal Price £2.30  TO BUILD ALL 16 PROJECTS 

Normal Price £17.25 
Total Price Normally £25 SPECIAL INTRO PRICE ONL Y£19 inclusive of VAT and Post & Packing. 

e Available from Watford Electronics, BI-PAK and all good component stockists. 

1  

DIP-DIP-DIP-DIP-DIP JUMPERS 
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK 

• EX-STOCK DELIVERY 

▪ 5 STANDARD LENGTHS 

6, 12, 18, 24, 36" 

IM WITH 14, 16, 24, 40 CONTACTS 

• FULLY ASSEMBLED AND TESTED 
• INTEGRAL MOULDED ON 

STRAIN RELIEF 

• LINE BY LINE PROBEABILITY 

SINGLE-ENDED  DOUBLE-ENDED all prices 1-9 off. Huge discounts for quantity 
CONTACTS  24"  CONTACTS  6"  12"  18"  24"  36" 

14  £1 ,67  14  £2.11  £2.21  £2.31  £2.43  £2.63 

16  £1.89  16  £2.33  £2.45  £2.58  £2.66  £2.97 

24  £2.74  24  £3.45  £3.62  £3.78  £3.94  £4.30 
40  £4.38  40 £5.31  £5.61  £5.91  £6.22  £6 .81 

We can supply DIP, SOCKET, PCB, CARD-EDGE RS232, assem blies  ma de-up,  
tested, ready for use, cheaper than you can buy the parts, ask for  quote.  

1 

POWERACE THE MOST 
EXPENSIVE 
BREADBOARD 
IN THE 
WORLD 

Three poweraces that give you th 
ultimate in breadboarding. Built in 
power supplies and a FREE logic 
probe is built into MODEL 102 

POWERACE 101  923221  £61.30 
POWERACE 102  923222  £95.80 
POWERACE 103 • 923223  £95.80 

vote.v:am-ricanr diohistorv.com 

41 

TEST-CLIP TEST-CLIP 

Clip an AP TEST-CLIP over an IC and 
you immediately bring up all the 
leads from the crowded board into 
an easy working level. 
22 NEW AP TEST-CLIPS TO PICK 
FROM 
examples: TC 14 923695  £2.76 

TC 16  923700  £2.91 
TC 24 923714  £8.50 
TC 40  923722  £12.88 

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD 

When you buy a SUPERSTRIP BREADBOARD you buy a breadboard to last you for ever, we give you a LIFETIME 
guarantee. SUPERSTRIP is the most used breadboard by hobbyists, professionals and educationalists because it gives 
you more for your money .... With 840 contact points SUPERSTRIP accepts all DIP's and discrete components and with 
eight bus bars of 25 contact points each SUPERSTRIP will take up to nine 14-pin DIP's at any one time. 
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee. 
SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78 

41:,
All prices shown are recommended retail incl. VAT In difficulty send direct, plus Sop P & P. 
Send S.A.E. for a free copy of colour catalogues 
detailing our complete range. 

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036 
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The biggest name in solder worldwide 

Arax Multicore Solder. 
Economy pack for general non-electrical use. 
Replaces solid wire and stick solder. (B.S. 219 Grade L). 
Econopak 200g reel of 3mm dia. Size 16A. 
£4.14 per reel. 

Toolbox Reels. 
Multicore 5-core solder for general use. Suitable for 
electrical joints (B.S. 219 GradeG'). 
40/60 tin/lead. 1.6mm dia.Size 3. £3.91 per reel. 

Savbit 
Multicore 5-core solder for radio, TV and similar work. 
Reduces copper erosion. Suitable forservice engineers 
and manufacturers using small quantities of solder. 
1.2mm dia. Size 12. £3.91 per reel. 

N- tUllePRE 

Multicore Wick 
Multicore solder-wick for removing solder from 
virtually any joint 
17mm dia. Size AB10. £1.38 per reel. 

Aluminium Soldering.  . 
Alu-Sol Multicore 4-core solder for soldering most 
types of aluminium. No extra flux needed. 
1.6mm dia. Size 4. £6.90per reel. 

Products that help you 
make a better lob of it. 

Mtaideilimielthem  Mingtialalutent Nolatlegi 
eit ffluelm040.1  lionu  tratiI 

3011011 

INNIN 

Fuidal 

Fie 
COIMOYE 

1,4.1 
111-

soRti S EINIES1 SOWER 4 * Mtn FINEST SOIDESI À 

714 (1 tâe' 
• 
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Handy Dispensers 
PC115  for printed circuits. 
SV130  for radio and TV. repairs. 
AR140  for non-electrical applica-

tions, except aluminium 
SS160  for stainless steel'ànd silver 

jewellery. 
19A  for all electronic joints. 

non-corrosive. 
AL150  for aluminium. 
BCA16  solder cream for stainless 

steel, jewellery and house-
hold products (non-electrical)  £3.22 
solder cream for electronic 
and electrical use.  £1.38 
all purpose sqlder cream, 
non-electrical jointing and 
repairing. 

BCR10 

BCA14 

Per Liack 
£1.15 
£1.61 

£1.38 

£2.53 

96p 
£1.93 

£1.38 

Tip Kleen. 
Multicore Tip Kleen. 
Soldering-iron tip wiping pad. 
Replaces wetsponges. (Should 
notbeused above350°C). 
81p per pack. 

Soldering Flux Pastes. 
Multicore soldering flux paste. Extra fast, non-
corrosive, rosin-flux for electrical and general purpose 
soldering. 
Rosin R.F.10. 35g net 69p per pack. 
Multicore soldering flux paste for soft metals (except 
aluminium) and stainless steel. Non-electrical. 
Arax A.E14. 35g. 69p per pack. 

- 
Econopak. 
Ersin Multicore 5-core solder. Contains non-corrosive 
flux for electrical applications. 
1.2mm dia. 200g Econopak. Size 13A. £4.14 per reel. 

Metal Soldering. 
Arax Multicore 4-acid-coresolder for metal fabrication 
(not aluminium) and repairs. 
40/60 tin/lead.1.6mm dia. Size 11. £3.91 per reel. 

TV. and Radio 
Soldering. 
Savbit Multicore for 
radio, TV and similar 
work. Reduces copper 
erosion. 
1.2mm dia. Size 5. 
90p per handy 
dispenser. 
Econopak. 
General purpose solder 
suitable for all electrical 
joints. 
40/60 alloy. 1.2mm dia. 
Size 6. 58p per handy 
plastic dispenser 

Wire Stripper and cutter. 
Wire stripper and cutter with precision ground and 
hardened steel jaws. Adjustable to most wire sizes. 
With handle locking-catch and easy-grip plastic 
covered handles. 
Ref: 9. £2.69 per pair. 

Bib Hi-Fi Accessories Ltd., (Solder Division), 
Kelsey House, Wood Lane End, 
Hemel Hempstead, Hertfordshire HP2 4RQ. 
Telephone: (0442) 61291 

All recommended retail prices shown are inclusive of VAT If you have difficulty in obtaining any of 
these products send direct with 40p for postage and packing. For free colour brochure send S.A.E. 
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