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PROfESSIONAL TOOLCA 
lol' Sel'vice Engineel' 

fhe TL99 and TL 100 are designed for the Professional Electronics, TV or 
Instrument Technician who needs to carry a large number of specialist tools. 
:onstructed from hard wearing ABS with strong aluminium frames, twin handles · 
md toggle locks. They offer a moulded tray in the base, a comprehensive 2 sided 
:ool pallet that's reversible with space for up to 40 tools . - The TL 100 will take 
wite a few more. There's space for documents and a heat sink for a hot solder
ng iron to prevent any damage being caused. 

)mpany 

Jdress 

)Ois NOT included. British made. 
oney back guarantee. Allow 7-21 days for delivery. _ ... _ .... ___________ ~-...-.~ Thieman Products Ltd 

Ermine House,Post St,Godmanchester,Cambs. PE 18 8BA (0480)65534 

TLW4 
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Wireless World, July 1981 

Low-cost voice 
people with more Important 
The probtem: logging telephone and radio messages RELIABILITY 
without spending a fortune on equipment or hiring an Available in 4 or 8 channel versions, and with 
expensive technician to operate it. integral miao-processor controlled automatic 

The solution: the new Racal Recorders Autastore. nmesearch capability to enable rapid message 
SIMPLICITY retrieva~ Autostore is engineered to the very highest 
W'lth its automatic cassette·Joadfnc and fully standards by the company which pioneered air traffic 
automaticchangeoverfrGm one deck to another; control recorclingtechniques. 
Autostore can-quite literallY-be operated by FULL DETAILS 
whoever happens to I.Jearound. For full details of Autostore send off the 

And it provides over 24 hours of unattended coupon today. 

continuousrecordingoneightchannels. r - - - --- -VERSATILITY 
Able to log radio and telephone messages I am interested in recording my communications 
simuftaneou.Autostorecanformpartofanew I accurately and reliably. Please: 

system-orflt just as easily into an existing one. I 0 send me full details of Aurostore 
And its uses vary from ambulance, fire, police 

and security applieations to the recording of 

1 
O arrange for a demonstratton at my own premises 

financial transactions, conferences, oil installation 

cornmunicationsand taxi services. Nam,W--------------'-----

Racal Recorders I 
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Front cover shows cross
section of the new type of 
coaxial cable described in 
this issue, superimposed on 
a photographic montage of 
punched tape symbolising 
the digital techniques in 
other articles. Photographer: " 
Paul Brierley. 

IN OUR NEXT ISSUE 

Radio and the birth of the 
Universe. A review of the 
significance of the 3K cos
mic microwave background 
in the Big Bang cosmologi
cal theory. 

Electronics on the road. 
Broadly surveys electronic 
ignition, anti-lock brakes, 
cruise control, active sus
pension and other electronic 
systems; also social in
fluences on design. 

Correlator for angles. Mea
suring technique suitable for 
testing timing scatter in 
automobile ignition systems 
and other rotary mechan
isms. 

Current issue price 60p, back is
sues (if available) £1 ;00, at Retail 
and Trade Counter, Units 1 & 2, 
Bankside Industrial Centre, Hop
ton Street, London SE1 . Avail 
able on microfilm; please 
contact editor. 
By post, currently issue 96p, 
back issues (if available) £1 .50, 
order and payments to EEP Gen
eral Sales Dept., Quadrant 
House, The Quadrant. Sutton, 
Surrey SM2 5AS. . 
Editorial & Advertising offtces: 
Quadrant House, The Quadrant, 
Sutton, Surrey SM2 5AS. 
Telephones: Editorial 01-661 
3500. Advertising 01 -661 3129. 
Telegrams/Telex: 892084 
BISPRS G. , 
Subscription rates: 1 year £10.00 
UK and $33.80 outside UK. 
Student rates: 1 year £5.00 UK 
and $16.00 outside UK. 
Distribution: Quadrant House, 
The Quadrant, Sutton, Surrey 
SM2 5AS. Telephone 01-661 
3500. 
Subscriptions: Oakfield House, 
Perrymount Road, Haywards 
Heath Sussex RH1 6 3DH. Tele
phon~ 0444 59188. Please notify 
a change of address. . 
USA mailing agents: Expedtters 
of the Printed Word Ltd, 527 Ma
dison Avenue, Suite 1217, New 
York, NY 10022. 2nd-class 
postage paid at New York. 

© IPC Business Press Ltd, 
1981 ISSN 0043 6062 
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DON'T GAMBLE 
WITH PERFORMA'NCE 
BUY. 
LE·VELL OSCILLATO,RS 
FREQUENCY 

ACCURACY 

SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC OUTPUT 
SYNC INPUT 
METER SCALES 

SIZE & WEIGHT 

TG200 TG200D 

1Hz to 1 MHz in 1 2 ranges . 
0 to 1% fine control on TG200DMP . 
:+- 1 .5% :+- 0 .01 Hz up to 1OOkHz. 
:+- 2% up to 1 MHz. 
7V r.m.s . down to < 200f.l V with Rs = 
6000 . 
< 0.05% from 50Hz to 15kHz, 
< 0 .1% from 1OHz to 50kHz, < 0 .2% 
from ·5Hzto 150kHz, < 1% at 1Hz and 
1MHz. 
TG2000, OM & DMP only , 7V peak 
down to < 200f!V . Rise time 
< 150nS. 
< :v r. m.s . sine in phase with output 
:+- 1% freq . IO(:k range per volt r .m .s. 
TG200M , OM & DMP only : 0 / 2V ' 
0!7V & -14 / + 6dBm . . 
260 X 130 X 180mm . 4 .3kg tv ith 
batteries. 

TG200M TG200DM TGlOODMP 

£99£108£125£130£135 
FREQUENCY 
ACCURACY 

SINE OUTPUT 
DISTORTION 

SQUARE OUTPUT 
SYNC. OUTPUT 
METER SCALES 

SJZE & WEIGHT 

TG152D 

Without 
meter £80 
. FREQUENCY , 

ACCURACY 

SINE OUTPUT 

DISTORTION 

METER SCALES 
SIZE & WEIGHT 

TG66B 

3Hzto 300kHz in 5 decade ranges . 
:+-2% :+-0 .1Hzto 100kHz. 
Increasing to :+- 3% at 300kHz. 
2 .5Vr.m.s. down to <200f!V 
;< 0 2% from 50Hz to 50kHz . 
< 1% from 1OHz to 200kHz . 
2 .5V peak down to < 200f!V . 
2 .5V r .m .s. sin e. 

' . 0/2 .5V & .._ 10/ + 1 OdB on 
TG 152DM . 
260 X 130 X 180mm. 3.4kg with 
batteries . 

TG 152DM --....._ __ 

With 
meter £9.9 

0 .2Hz to 1 .22MHz on four decade 
controls. 
+ 0 .02Hz below 6Hz . 
:+- (j) . 3% from 6Hz to 1OOkHz; 
+ 1% from 1OOkHz to 300kHz . 
:+- 3 % above , 300kHz . 
5V r .m .s. down to 30f!V with Rs 
6000 
< 0 .15% from 15Hz to 15kHz 
< 0 .5% at 1.5Hz and 150kH~ 
2 Expanded voltage <l n d -2/ + 4dBm 
260 X 180 X 180mm . 54kg 

TG66A 

Battery £265 
model 

Mains& £280 
battery mode l 

Pri~es are ex works with batteries . Carr iage, packmg and VAT 
extra . 
Optional extras are leather cases and mains power un its . 
Send for data covering our range of portable instruments . 

MOXON STREET, BARN ET, HE ATS., ENS 5SD. 
TEL : 01-449 5028/440 8686 
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.. . . . July 1981. 
ANALOGUE VOLTMETERS 
AND MULTIMETERS 

Fluke. 

Boonton. 
93A True RMS 
Voltmeter. I OHz-
20MHz. I mV-300V 

.. .... . £295.00 

883AB AC/DC Differential Voltmeter. 
20Hz- I OOKHz. I mV- 1 kV. Very high 
accuracy. .. . ... ..... ... £975.00 
Hewlett Packard. 
400E AC Millivoltmeter. I OHz- I OMHz. I mV-
300V DC o/p proportional to i/p .. . ... . £235.00 
48 I SA Vector Impedance Meter. SOOKHz-
1 08MHz. 0-360° in 2 ranges. Z range 
1 n- I OOK!l in 9 ranges . . . . .. .. ... . £2150.00 
7563A DC Log Voltmeter I Amplifier. Single i/p 
range 360/'V-IOOV 0/P 0-1 . IV@ IOmV/dB 
... .... .. ........ ..... .. .. .. ... .. ... ..... .. ....... .. .. ... . £250.00 
8405A Vector Voltmeter. 1- I OOOMHz. 0-360° 
in 4 ranges. . . .... £1985.00 
Marconi. 
TF2604 Electronic Voltmeter. AC 
20Hz- I .5GHz. 300mV- I KV. DC I OmV- I KV. 
0.2!l-500M!l. . .. . ... ..... ... . £350.00 
Philips. 
PM24548 AC Millivoltmeter. ·J OHz-12MHz. 
lmV-300V ... . .. ........ £195.00 

ANALYSERS 
Blomatlon. 
I 650D 16 Channel Logic Analyser. Displays 
T1m1ng. Map. hex. octal. Clock rate upto 
SOMHz. Supplied with display formatter and a 
Hameg HM312-8 oscilloscope.. . .... £2500.00 
General Radio. 
19 I I A Sound and Vibration Analyser. C/W 
Graphic leve recorder . 4.5Hz-25KHz. 113 or 
I II 0 octave . . .. ........ . £950.00 
8407 N84 I ZA Network Analyser. C/W 
8600A/860 I A sweeper. 0. I- I I OM Hz 

....... ... .. .. .£3500.00 
Hewlett Packard. 
I 4 I T-85528-85548 Spectrum Analyser. 
JOOKHz-12SOMHz. + JOto -I 22d8m. 
Variable percistence display... . ... £4950.00 
141 T-8552A-8554L Spectrum Analyser. 
500KHz-1250MHz. Sensitivity -I 1 7dBM. Scan 
width 20KHz· I 250M Hz. . . .. .... 3500.00 
3 I OA Wave Analyser I.SKHz-1.5MHz I 0/'V
JOOV F.S. Dynamic range> 75dB .... £1050.00 
3580A LF Spectrum Analyser 5Hz-50KHz. 
30nV sensitivity ....... .............. .. ... . £1950.00 
358 I A Wave Analyser with Internal Sweep. 
15Hz-50KHz. 100nV-30V F.S. Dynamic range 
> 80dB. Frequ~ncy indicated by 5 digit LED 
readout ...... . .. . £1500.00 
8553L Spectrum Analyser RF Section. 1KHz-
1 I OM Hz Sensitivity -I ZOdBM. Scan width 
200HZ- I OMHz ... . .. .... ....... .. .... .. £I 000.00 
Tektronix. 
7L 18 Spectrum Analyser Module. I .5- J8GHz 
with Internal mixer. 18-60.5GHz with external 

::~~rir~~~~g~~ty- ~-I 19d.S.~ ~a~ r~~~~~&.oo 
491 Spectrum Analyser. I OMHz-ZGHz direct. 
Up to 40GHz with optional mixers ... £2700.00 
Wayne Kerr. 
RA200 Frequency Responce Analyser. 
Frequency range 20Hz-30KHz or 200Hz-
200KHz. I I 1n. Crt diSplay.... £850.00 

BRIDGES & COMPONENT 
TESTERS 
Boonton. 
63H Inductance Bridge. 0-IIOmH. Bridge 
frequency 5-500kHz.. . . .... .. £ 1250.00 

Latest Test Equipment .. .. . -July 1981 ..... Latest Test Equipment .. ... . 

General Radio. 
I 608A LCR Bridge. Accuracy 0.05%. O.OSpF
IIOOI'F.- 005/'H-1 IOOH. O.OSm!l- I. IM!l 

... . .. £925.00 
Marconi. 
TFI 245-TF I 246-TF 1247 '0 ' Meter and 
Oscillators. 0 5 to 500. 40KHz-300MHz 

.... ... ........ ....... .. ... .. ... .. £950.00 
Rohde & Schwarz. 
LRT fBN6 I 00) Inductance Meter. I pH- I 00/'H. 
2.2-285KHz .... ...... .. ..... ....•. .... ... .. £395.00 
Wayne Kerr 
8642 0. I% LCR Autobalance Bridge 
101-'Q-JOOG!l, lfF- IOF, lnH- IOMH .. ... £750.00 

CALIBRATION EQUIPMENT 
Fluke. 
332A DC Voltage Calibrator. 0 to 
I I I I . I I I OV. 0. I ppm resolution. 0.003% 
calibration accuracy ... ..... ... .... ....... ... £ 1495.00 
760 Meter Calibrator. DC/AC Volts and current 
....... ··· ··· ····· ·· ···· ······· ·· .. £2150.QO 

Tektronix. 
I 91 Constant Amplitude Generator. 350KHZ-
I OOMHz . . ... ... £350.00 
FREQUENCY COUNTERS 
Advance. 
TC I 5 & PI Frequency Counter. DC -
SOOMHz. 9 digits. , ... ... ...... ..... ..... . .... £275.00 
Fluke. 
1900A-O I Frequency Counter. 5Hz-80MHz. 6 
digits . Mains I battery operation ... .. .... £ 195.00 
1925A Frequency Counter. 5Hz-125MHz. 9 
digits, EMI proof case ....... ... .......... ... £375.00 
Philips. 
PM6664 Fully Auto Frequency Counter. IOHz-
520MHz. 8 digits .. . ..... . ..... .. .. £250.00 
Racal. 
9905 Timber Counter DC-200MHZ. 8 digits 

······ ········ ·· ······· · ........ .. . .... .. £235.00 
MULTIMETERS 
Avo. 
Test Set Number I . 20K12/volt, very robust 

.... .... ..... .... ...... .. . £75 .00 
Full lead kit.. . .... .... .. ..... .. ... .. £6.25 
S.E.I. 
Super SOSelectest. 20K!l/volt ........ ... ... . £77.00 

OSCILLOSCOPES 
Hewlett Packard. 
1223A Dual Trace Variable Persistance Storage 
Oscilloscope. DC-15MHz. 2mV-IOV/div. Max 
writing speed I emil'S ...... ... ... ....... .. ... £950.00 
Philips. 
PM3212 Dual Trade Portable Oscilloscope. DC 
- 25MHz. 2mV-IOV/div .. . ... . £575.00 
SE Labs. 
SM I 2 I 6 Channel Monitor. 1 2" crt. lr]ternal 
sweep . . .... ..... ..... ...... £395.00 
Tektronix. 

432 Dual Trace 
Portable Oscilloscope 
DC- 25MHz. I mV 
sensitivity. 20nS-5S. 
Auto setting mains 
input 100-250V 
.... . .... .. .... .. ... £510.00 

454A Dual Trace Portable Oscilloscope 
DC- 150MHz. 2mV-SV/div . 
Full delayed sweep.. . . . £1200.00 
455 Dual Trace Portable Oscilloscope 
DC- SOMHz. SmV-SV/div. Full delayed , 
sweep. Super condition ... ... ...... ... ... .... £925.00 
464 Dual Trace Portable Storage Oscilloscope. 
DC-- I OOMHz. SmV-SV/div. Full delayed 
sweep. Max writing speed I I 0 div/1-<S 
·· ···· ·· ·· ····· ··· ·· ····· ····· ··· ··· .... .... .. .... .. ... £2250.00 
465 Dual Trace Portable Oscilloscope. DC -
_IOOMHz. SmV-SV/div . Full delayed sweep 

.£1195.00 

Watenabe. 
466 Dual Trace Portable Storage Oscilloscope. MC64 I 6 Channel Chart Recorder. I mV-
Spec as per 464 but max writing speed IOOV. 250mm scan width ...... . .. ... . £1495.00 
3000d1VI!'S . ... .. £2875.00 Yokagawa. 

i~v'?~$j~~cog~~~i~~e~z .... £ 1495_00 3047 2 ChanneiChart Recorder. O.SmV-IOOV . 
485 Oscilloscope DC _350M Hz 2cm/hr-60cm/mln .... .... ...... ..... ..... .. .. .. £435.00 

~~~~~~~i~~~~~~{~~~w,s:~~~~~~ L~~i~~~~~ SIGNAL SOURCES 
Amplitude. Chrominance Phase. Chrominance 
Amplitude, Differential Phase and Gain. As Avo. . 
new condition ........ ........... ....... ... ... £2650.00 HFJ36 AM/FM S1gnal Generator. 4.0-120MHz. 
T935A Oscilloscope DC - 35MHz • 0- I OOmV in 20dB steps plus fine control. 0/P 
2mV- IOV/div. Delayed sweep ... .... ... £595.00 Z= 75!l ....... .... .... .... ..... ......... .... .. ...... £410.00 

~~~~c~sg~~0f6o~~/~~ 7~Z.6. a -~~~~~:~ Hewlett Packard. 
7613 Storage Oscilloscope C/W 2 off 203A Variable Phase Oscillator. 0.005Hz-

60KHz. 0·360° .. . ..£450.00 
7633 Storage Main 4204A Decade LF Oscillator. lOHz- I MHz. 
Frame c/w. 2 Off JmV-IOV into 6000 .. . ............ £695.00 
7 A26, 1 Off 7853A. 606B AM Signal Generator. SOKHz-65MHz. 
4 Trace. DC· IOOMHz. AM 0-95% ... . .. .. .. ... £850.00 
Full delayed sweep. 6 l6B UHF Signal Generator. I .B to 4.2GHz. lnt 
Max writing speed pulse Mod ....... ................. .. ... ..... ...... £ 1000.00 
I OOOcm//'S . . £4495.00 620B SHF Signal Generator. 7- 1 I GHz. 

7A26 and 7653A. DC- I 00 MHz 4 Trace, 0. II'V-D.224V into SO!l . lnternal PM & FM 
delayed sweep. max writing speed 4.9 emil's ..... ....... .... .......... ...... ..... .. ...... .. .. ... .. £2100.00 
... ... ............... ..................... ............. £3575.00 651 B Test Oscillator. 10Hz- I OM Hz. 
7704A Main Frame C/W 7 A26, 7B80. 7B85. 0. I mV-3. I 6V ................. ..... ... ... ... . .. . £415.00 
Dual Trace DC- 200MHz ...... . ...... £3550.00 33lOA Function Generator. 0.0005Hz-5MHz. 
Telequlpment. ISV pk-pk into 500. Sine. square. triangle, 
D3? Dual Trace battery/mains Portable ramp and + or - pulse waveforms ... £385.00 
oscilloscope. DC-I OMHz. IOmV-SV/div 3320A Frequency Synthesizer. 001 Hz-13MHz. 

. .... ....... .... ... ...... ... .... .. .... ......... ..... ... . £310.00 ~:qp ~~~~ye ~~u~~ 3~B~Ipn~~~o/!i 6~~~ ::~n:,g 
D34 Dual Trace Battery Portable Oscilloscope. Y- 1 1 

DC-I SMHz. 2mV-5V/div. 24nS signal delay ~%~~~-s6ci'iA.R\/s'Weep~~-+Marker~995 •00 
663 'D~ai ·seam· o5'C iil~·.;(·c;,;€ ci:.;;·2 0~~5-00 1 ooKHz-1 'oM Hz ... ... .. ... ... .... ..... ... ... £ 15oo.oo 
Modules. 4 Traces. DC-15MHz. SmV-20V/div 8614A UHF Signal Generator. 8Q0-2400 MHZ. 
.... ....... ...... ..... .. .... ... .. ....... .... .... ... ...... . f7ZS.OO Ma~ ~p ~~ OFdMBM 1n

1
to SOOd. lnt squa£re
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D83 Oscilloscope Main Frame C/W V4 and mo · xt -. · pu se mo · · · · · ··... .. • 
52A plug-in units. DC_ SOMHz. SmV- 8616A UHF S1gnal Generator. I 800-4500 
20V/div. MHz. Max 0/P + I OdBM from I 800-3000 
Full delayed sweep. Very large CRT .... £725.00 MHz. + 3dBM 3000 MHz-4500 MHz. Mod as 
DM64 Dual Trace Split Screen Bistable Storage per 86 I 4A ··· ···· ··· ····· ··:······ ·· ·· ·· ... ..... £ 1950.00 
Oscilloscope. oc-1OM Hz. JOmV-SOV/div. Max 8640B Phase Locked Signal Generator 
writing speed 250 div/mS ... ...... .... ... ... £715.00 0.5 to 520MHz .... ... .... _ .. ........... .... ... £3200.00 
1 OJ 6 Dual Trace Portable Oscilloscope DC· 8654A AM/FM VHF Signal Generator. 
I SMHz. 5mV-20V/div. XY Mode. 1 only I0-520MHz. 0.71'V·0.7V 1nto 500 . AM 
...... .. . ... ........... .... ... ... ...... .. .. ... ........ .. .. £310.00 ~:~z% .. ~~-~:.'_{;()~~z . ~o~r~te ~~~H~~~-OO . 

OSCILLOSCOPE PROBES 8690A/8699B RF Sweeper System. 0. I -4GHz 

EB90X l Probe. 1.2 mtr length DC- 20MHz ~~~~g~sG~;xo/P IOmW to 
2-~~H~~.oo 

... ... ... ... ... ... .. ..... ..... ... .... .. .. ........ ......... ... £9.00 

..... ...... ..... .. ..... ...... ... .......... ..... ..... ... . £1200.00 

EB9 I X I 0 Probe. I -2 mtr length DC- Marconi. 
I OOMHz .. ..... ..... .. ... ... ... ...... ....... ..... ...... £11.00 TF144H/4 AM Signal Generator. I OKHz-
EB95 X I , XIO Probe. I .2 mtr length DC - 72MHz. 2!'V-2V ..... ................. .. ..£750.00 
IOMHz or DC - IOOMHz ... ........ .. .. ..... £15.00 TF995B/5 AM/FM Signal Generator. 200KHz· 

220MHz. I!'V-200mV. Narrow deriat1on for 
mobiles .. ...... .. ...... ..... ...... .... .... ... ..... ... £695.00 

Advance. TF1370A _Wide Range RC Oscillator. JOHz-
MG5-60 SV@ 60A switching . ... .... . £160.00 IOMHz. S1ne wave, square wave upto l OOKHz 

~g~:fg ~~ ~ ~g~ ~~:~~~:~~ :: : ·. ::::~k~~:: rF2oo2s AMiFM sig~ai.Ge.nerarc;r ·io~~~ .oo 
MG24-I 2 24V@ I 2A switching ... .... £130.00 88MHz. 0. ii'V- IV. 20Hz-20KHz Mod 

frequency 

POWER SUPPLIES 

Weir. 

£90 00 TF2005R 2 Tone Signal Source. 20Hz-20KHz. 
762 Power Supply Unit 
0-30V at 2A. Metered output. 

· · · • 0- I I I dB in 0. I dB steps ........ .. .. .. ...... ... £295.00 
RECORDERS TF2006 AM/FM Modular Signal Generator. 
Hewlett Packard 4-IOOOMHz. 0.2f<V·200mV. 0/P Z = SO!l 
7045A XY Recorder. Sensitivity 250!'V-5V/cm. ·· ··········· ······ ·· ··· :·· ···· ··· ····· ··· ··· ···: ······ £1100.00 
Electrostatic paper grip. A3 size ..... .... . £950.00 TF21 00 AF OsCillator. 20Hz-20KHz. 0.05% 
7045A-001 XY Recorder. As 7045A but with distortion .... ... .. ... .... .. ...... ... ... ... ..... .. £150.00 
int. time base ... .. ....... .... ... .. ..... . ..... £1025.00 
Racal. 
Store 70 Tape Recorder 
7 channels FM electronics DC - 20KHz. 
' '/, • -60ips .. ..... . ... .. ...... .. ............ £4500.00 

Philips. 
PM6456 Stereo Generator. Separate Land R 
S1gnals. Carrier frequency 1 OOMHz ± I 'l'o . RF 
0/P 3mV pk-pk ......... ....... ...... .. .. ... .... . £250.00 

Radiometer. S. E. Labs. 
3006/12 1 2 Channel UV Recorder. Gnd and 1 SMG!C Stereo Generator Separate Land R 
t1m1ng 11nes. 6" paper.. . £550.00 Signals Carner frequency I OOMHz RF 0/P 

Tektronix. 
I 48 PAL TV Insertion Generator. 
Provides all required signals to test and 
measure on video TX systems. Immaculate 

. ... . £2500.00 
1481 C PAL Waveform monitor 
In as new condition.. . ..... . £2275.00 

SOUND LEVEL METERS 
Sruel & Kjaer 
2203 Sound Level Meter C/W 4165 Yz' 
Microphone. 26-140dBA. A. 8 or C weighting. 
Fast or slow response ...... ..... .... ... .. .. £395.00 
2203 Sound Level Meter as per previous spec 
but also with 6613 octave filter set with centre 

f[d~~nci~s~f~ 1 ~~z:~~:5~~~ in 1 _ 1_s~~~~~oo 
General Radio. 
I 981 Sound Level Meter. 70-120dB. Digital 
and analogue reading. Peak hold. A weighting 

. .. .. .... .. .... ...... .... ....... .. £300.00 
I 983 Sound Level Meter. 70- I 2db. A 
weighting .. · .. . £ 195.00 

TRANSMISSION 
MEASURING EQUIPMENT 
Marconi. 
TF2332 AF Transmission Test Set. 20Hz-20KHz 

.. . .. ... ... £425.00 
Siemens. 

:):::~~~~~'1-D2040 Selective Level H Analyser and 
Voltmeter. 10Hz-
60KHz. ~I I OdB to 
+ 50dB. 3f1V-300V Lin 
and log indication . 5 
digit frequency readout 

. .. ... £1200.00 
D2072 + W2072 Level Meter and Oscillator 
50KHz· I OOMHz. -I I OdB-OdB. Receive 
bandwidth 3.1 and !OKHz .. . .. : .. £2200.00 
WZ006 + D2006 Carrier Level Test Set. IOKHz-
J7MHz. -IOOto + IOdB .... ... ....... .. £1650.00 
W2007 + D2007 Carrier Level Test Set. 
6KHz- I 8.6MHz. - I 20 to + 20d8 .... £ 1800.00 
Wandel and Golterman. 
PF-1 Digital Error Rate Measuring Set. 
Consisting of PFM-1 Digital Error Rate Meter 
and PFG-1 Pettern Generator .. ... .... .. £2490.00 
PS0-5 and PMO-S Level Measuring ~et. 
JOKHz-36MHz. - I JOto + 20d8. C/W AZD-1 
Scale expander ... ... . ..... ... ......... .. . £2050.00 
SPM-6 and PS-6 Level Measuring Set. 
6KHz-18.6MHz. -I IOdBto +20dB. Mains/ 
battery operation .... .... ......... ... ... ... .. £2 1 50.00 
Andimat fPSM-4 2M Hz Automatic PCM 
Testing System) composed of the following 
PCM-1 PCM Test Set. POA-64 PCM Signalling 
Analyser, PMD-1 Digital Level and Noise 
Measuring System, PDG-1 Digital Signal 
Generator, PDA-1 PCM Digital Signal 
Analyser, PSM-4 Level Measuring Set. MU-4 
Scanner. R 1- I computer interface .... . £6500.00 

DVM'sANDDMM's 
Catron. 
I OS I 5 Yz Digit DMM. AC/DC Volts. 
Resistance. True RMS. O. lf'V resolution 
. . ..... . ... .. £750.00 
Fluke. 
8BOOA 5Yz Digit DMM. AC/DC volts, 
resistance. I I'V resolution ....... ... ... .. £450.00 
Hewlett Packard. 
3490A 5 Yz Digit DMM. AC/DC volts. 
resistance. II'V resolution. 30 day warranty 

........ £375.00 
Philips. 
PM2527 4 Yz Digit DMM. AC/DC volts. current 
and resistance . IOi-<V resolution . True RMS 

.... . ······ ..... .. £400.00 

Solartron. 
A243 SY2 Digit DMM. AC/DC volts, resistance. 
i i'V resolution. 30 day warranty .. ..... £375.00 

7055 Microprocessor 
DMM. Scale Length 
20.000. AC/DC volts. 
resistance. II'V 
resolution ..... . £600.00 

7055 plus processor control and RS232 
interface .... .. ... ... ... ... ...... .. ... .. .... ... ... ... £900.00 
7065 Microprocessor DMM. Scale length 
l , 400.000. AC/DC volts, resistance ... . £695.00 
7065 plus processor control and RS232 
interface . . . .. ..... ... £995.00 

MISCELLANEOUS 

Oranetz . 

Data Laboratories. 
DL 905 Transient 
Recorder with Pre
Trigger facility . Ideal for 
viewing single shot 
voltage transients 
I only .... .... ... £990.00 

606-3 Power Line Disturbance Monitor. Ideal 
unit for computer maintenance and installation 
eng1neers .. . .... .. ...... £2600.00 
Ferrograph. 
RTS2 Recorder Test Set Measures Wow & 
Flutter. Distortion, Gain ... .. . .. ... ... ... £345.00 
RTS2 + ATU-1 Recorder Test Set and auxiliary 
test set. . .. . . .... ...... .. .. £375.00 
Hewlett Packard. 
33 I A Distortion Meter. 5Hz-600KHz. 
0.1 %-100% FS .. . . .. .. £615.00 
334A Auto Nulling Distortion meter. 5Hz· 
600KHz. 0. I %-100% FS. AM detector liP 

···· ··· ··· ········· ·· .. ... £800.00 
4 32A Power Meter with 4 78A Thermistor 
Head. JOMHz-JOGHz. 1001-'W-IOmW 

. .. ........ .. £450.00 
4329A Insulation Resistance Meter. Range 
SOOK!l to 2 x I 0' • !l.. . . ... ..... ...... .... £500.00 
8745A S Parameter Test Set. Fitted with 
I 1604A Universal ArmsO. I-2GHz ... £2750.00 
Marconi. 
TF79 I D Deviation Meter. 4- I 024MHz 

TF2162 MF Attenuator 
DC - IMHz0-1 I I dB 

... ... .. .... £195.00 

Impedance 75!l · · · · · · · · · · · · · · · · · · £135.00 
TF2331 AF Distortion Meter 
20Hz-20KHz. 0. I %-1 00% 
I mV-30V voltage range .... .... ........ ... £395.00 
Rohde and Schwarz. 
MSC Stereo Coder. 30Hz- I 5KHz ...... .. £500.00 
Tektronix. 

TMS I 5 Main Frame 
.... ......... .. .. . £150.00 

TM504 Main Frame 
....... ..... .. .... ... £100.00 
DC503 IOOMHz 
Counter .... ... .. £195.00 

~-~s?z. .3.~~ ~.it~~o~~ 
FG503 0 I Hz-3MHz 
Function Generator 

. .. ... ... .. £195.00 
PS503A Power Supply 

.£265.00 
SC502 Dual Trace 
ISMHz Oscilloscope 
.. ......... .... .. . ... £575.00 

Hours of Business: 9 a.m.-5 p.m .. Mon--Frl. 
Closed lunch 1-2p.m. 
ADD 15%VAT TOALLPRICES 
Carriage and Packing charge extra on all 
Items unless otherwise stated. 

6012 50 Channel UV Recorder. Servo paper ........ ..... £375.00 
d~veuptoSmetr~~c ITpapff .... .£1100.00 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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...... .......... July 1981 ................. Latest Computer Equipment ............. July 1981 Latest Computer Equipment 
PDP 11 SYSTEMS 

PDP11 C.P.U;s 
DEC. . 

DEC 
VAX 1 1/780 with 1MB. RP06. 
TEE 16. H9602. BA 11. DOll . 
DZllA. LA 120 .. .. ... . £ 11 2,000.00 
PDP 1 1/34 System (non-A) with 
256KB MOS. 2 x RK06 Disk Drive 
and control. LA36 console 

£10,500.00 
PDP 11 /34A 1 28KB MOS. KY 11-LB 
Programmers Panel. DL 11 W 
Interface, 2 x RLO I Disk Drives 
and Controller. 6ft. Cabinet, 
VT I 00 Console .. . . .. £ 11,500.00 
PDP 1 I /34A 1 28 KB MOS. KY I 1-LB 
Programmers Panel. DL I 1 W 
Interface. RK05J and RK05F Disk 
Drives and Controller. 6ft. Cabinet. 
DECwriter lVConso/e .£9,950.00 
PDP II /34A 256KB MOS. KY I 1-LB 
Programmers Panel. DL I 1 W 
Interface. 2 x RK02 Disk Drives 
and Controller. 6ft. Cabinet. 
VT100 Console .. .... .... £19,750.00 
PDP I 1 /34A I 28KB MOS. KY I 1-LB 
Programmers Panel. DL 1 1 W 
Interface. 2 x RL07 Disk Drives 
and Controller, 6ft . Cabinet, 
VT I 00 Console .. ...... .. £ 12,750.00 
PDP 11/60 System with 2 RKO 7 
Disk Drives and Controller. choice 
of Console ...... ........ ....... ... P.O.A. 

PDP 11 /03-SD Processor in 3 Vz • chassis complete with 16KW MOS 
memory and E IS option 
BRAND NEW - ONLY . ... . .. .. ... .. .. . .......... ..... £! ,495.00 
PDP 11/04 Processor in I OVz .. chassis complete with 16KW MOS 
memory and DL I 1 W Interface. 
BRAND NEW (can be enhanced to 2BKW) .. .. .. ... ... .. .... .. £3,950.00 
PDP I I /34A Processor. 5 V. in . Chassis. I 2BKb MOS. KY I 1-LB 
Programmers Panel. DL 1 I W Interface ... ....... .. .... .... .. .. .. .. £4,950.00 
PDP II /34A Processor. 1 OVz in. chassis 128KB MOS. KY I 1-LB 
Programmers Panel, DL I I W Interface... .. .. .... £6,250.00 

PDP11 MEMORY 
DEC. 
KK 11 A I 1/34A Cache Memory option ... .. .... .. ........ .. .. . £2,000.00 
MF I 1 L 8KW core memory c/w 9-slot system unit ... .. ..... .. . £975.00 
MK I 1 CB 512Kb I 1170 expansion MOS memory including frame 

..... .. ......... .. ..... .... .. ..... .. . £14,500.00 
MM I 1 L 8KW core memory. .. .. ... .... ........... .. ...... ... .. .... .. £795.00 
MM I 1 LP 8KW parity core mem0ry ....... ... .. ............ .. .... .. .. £750.00 
MM 1 1 DP 1 6KW core (ex DEC -maintained I I /34 systems) 
BARGAIN OFFER - ONLY . . . .. ......... ....... ... ... .. .. .. ..... ... £395.00 
MM 1 1 UP 16KW Panty core memory complete with 9-slot system 
unit.. .. ....... ........ .. .. .. .. .. ...... .. . £ 1 ,500.00 
MM 1 I UP 16KW parity core memory (pre"requisi te MF I 1 UP) 

.. .... ..... .... . £1250.00 
MS 11JP 16KW MOS memory .. .. .... ... .... .... £395.00 
MSil-LB 128KB MOS .. . ... . .. .. £ 1 ,995.00 
MS 1 1-LD 256KB MOS.. .... ........ ... .. .. .. . ... .. .. . £3,500.00 
MSV I I C 16KW MOS memory (LSI/ I) ... ..... ....... £495.00 
MJ 1 / -BE 64KW I 1170 memory .. . .... .. ...... £4,500.00 
MK I 1-BE 64KW MOS memory for I 1/70 ............ .. .. .. .. £3,950.00 
MS I 1-MB 256KB ECc_; MOS memory for 1 1/4~ (NEW) ... . £3,942.00 

DISKS 

DEC. 
RKOSJ add-on disk drive 2 Vz meg. 
Exchangeable cartridge type. 
From ... . ... ... .. .. .. .......... . E I ,500.00 

RK06-ED Add-on 14 Meg disk drive.. .. .. .... .. .... £2,750.00 
RK611 -ED Unibus Controller + I RK06 drive.. . .. .. .. .. .. £4,500.00 

RK07-ED Add-on 28 Meg disk drive ... . .. .. ... ... . £4,750.00 
RK71 l -ED Unibus Controller + 1 RK07 disk drive ...... .. . £6,500.00 
RLOl ·AK Add-on 5 Meg disk drive .. .. .. . .... £1 ,975.00 
RL02-AK Add-on 10 Meg D1sk Drrve . ... . .. £2,500.00 
RM03·Add-on 67 Meg disk drive .. . .. . £7,500.00 
RP04-AB Add-on 88 Meg Disk Drive .. . .. ..... .... .. . £4,950.00 
RXli-BDRXO/ Dual floppy+ Unibus Controller .. .. ... .... £1,350.00 
Controllers usually available for above dnves. 

MAGNETIC TAPE 
DEC. 
Available from time to time- TU I 0. TU45. TE 16 TS03 etc. 

PDP 11 OPTIONS 
DEC. 
AA 11 D VTOl Controller with 4-slotSystem Unit .... . .. .. .. £125.00 
BA 1 1-KF expander Box . .. . .... ... £ 1,395.00 
DD 11 A 4-slot System Unit .. .. ....... ... .. E 125.00 
DO 11 B 4-slot System Unit . .. .... .... .. .. .. £150.00 
DD I 1-DK 9-slot backplane .. . ..£465.00 
DLI I Seriallnterface ........ ... ...... .... .. .. .. .. .. .. .. .. ....... £250.00 
DL 1 I W AlB Serial interface/Line Clock . .. . .. £395.00 
DR/1 C General Purpose Interface .. . .. £250.00 
DZ1/A8-IineEIAMUX. . £1,395.00 
DZII·B8-LineExpar1derMUX.. . .... .. ....... .. ... .. .. .. .. £995.00 
FP I I A Floating Point .. .. .......... ... .. ... .. .. £ 1.750.00 
KLI 1 TTY Interface... ... . .. £ 150.00 
KW I I L Rea l Time Clock .. .. .. .. .. . £150.00 
KW I 1 P Programmable Clock .. .. ..... .. .. .. .. .... .. £345.00 
M792 ROM Diode Matrix .. . .... £195.00 
M9301-YB Bootstrap .. £325.00 

POWER SUPPLIES 
DEC. 
H720 Power supply for BA 1 I Expander Box. BRAND NEW 
SURPLUS .... ... .. ....... £175.00 

PDPBAC.P.U. 
DEC. 
PDPBA Processors, systems and add-on memory usually available 

PDPBA MEMORY 
DEC. 
MM8AA 8KW Core . .. ... .. £750.00 
MMBAB /6KW Core.. .. .. . ... £995.00 

PDPBE CPU, MEMORY, OPTIONS 
DEC. . 
DPBEB Communications Adaptor .. .. .... .. .... £395.00 
KABE Positive 1/0 Bus.. .. .. .. .. . ... .. .. £95.00 
KOBE Oatabreak .. £ 145.00 
KL8E Asynchronous Interface ..... .. £250.00 
KLBJA Asynchronous Interface .. . . .. ..... £275.00 
KPBE Power fail/auto restart.. ... .. .. ..... .. .. .. .. ... .. £95.00 
MM8E 4KW Core memory stack ... . .. . .. .. .. ... £350.00 
T ABE Dual Cassette Drive and Controller .. . .. ... .. ... £525.00 
VTBE Set graphics Control Modules £250.00 

TERMINALS 
DEC. 
LA34 DEC writer IV 30cps desk-top terminal. 132 columns. 
upper/lower case ASCII . .. ...... .. ....... .. .. . £495.00 
LA36 DEC writer 11 Keyboard Printer Terminal . 1 he Terminal that has 
become an industry standard. with 132 column upper/lower case 
printing and switch-selectable speeds of I 0. 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-offfacility, 9 switch-selectable 
baud rates (75-9600 baud) choice 
of 20mA or RS232 interface . 
BRAND NEW SURPLUS. 
ONLY. .. .. ... . £450.00 

VT55 Graphics VDU with integral hard copy unit 20mA or RS232 
Interface .... ... ....... ... .... ..... ..... ...... .... ...... ...... .... ...... ....... .... £ 1,250.00 

LS- 1 20 High speed keyboard 
terminal. 132-co/umn printer w ith 
adjustable tractor feed and full 
upper and lower case ASCII 
printing (7 x 7 dot matrix) . /80 cps 
print speed and operator-selectable 
baud rates up to 4800 baud. 
Integral stand . RS232 Interface. 
BRAND NEW SURPLUS (limited 
quantity). ONLY.. .. .. £750.00 
VT100 -:-limited quantity in as-new 
condition .. ..... ............. ..... £650.00 
DEC writer 1 V Desktop terminal 
complete with tractor feed. paper
out. cable and keypad options 

.,. ...... £495.00 

PRINTERS 
Centronics 10 1. 
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 
Diablo Hyterm 1620 
Da isy-Wheel KSR (keyboard-send-receive) model with standard 
RS232 interface. 45 cps print speed, 1 I 0/150/300 baud, switch· 
selectable parity. top-of-form selector. Graphics capability under 
software control .. .. .. ...... £ 1,275.00 
Diablo. 1355 
Receive-on ly daisy wheel printer with parallel interface .. .... £895.00 
Selkosha GP~O. 

GPBO Optional Interfaces: 
RS232 .. 
IEEE. 
PEL 
Apple .. 
Tandy .. 

GP80 Fanfold Paper 
Box of 2000 x Bin sheets .. . 

Hazeltine. 

BRAND NEW - LOW COST 
MATRIX PRINTER ibi?AL FOR 
MICROPROCESSOR USERS SUCH 
AS HOBBYISTS & 
EDUCATIONALISTS OR ANY 
LOW-BUDGET APPLICATION 

* Full upper/lower case ASCII 
PLUS GRAPHICS Mode * 80-column printing w ith 
adjustable tractor feed 

* Standard and double-width 
characters ( 12 cpi ar-1d 6 cpi) 

* 30 cps print speed w ith / -line 
buffer * Standard parallel (Centronics
type) interface * Optional interfaces available for 
RS232, IEEE488, Tandy. PET. 
Apple// * ONLY. . . .. .. . £199.00 
(Mail ordertbtal .. .. £234.60) 

.. .. ... .. ... £55.00 
.. .. ... £55.00 
..... .. £55.00 l 

.. .. .... £55.00 1 
.. .. . £35.00 

.... .. .. ....... ....... .. . .. ... .. £15.00 

Thermal printer. BO columns. 30 cps silent RO with parallel TTL input 
... .. ....... ...... .. .. .... ...... ... ..... ... ... ... ...... ...... .... ...... .. .............. ... £395.00 

,Tally 1602. 
160 cps Matrix Printer with full96 upper/lower case ASCII character 
set. 7 x 7 dot matrix. 132 columns with adjustable tractor feed. 
bidirectional p rinting. double-width character feature. self-test 
facility. Centronics-type para llel interface ....... .. ... .. .... .. ... .. .. .. £875.00 

Teletype. 
Reconditioned ASR33 Teletype Terminals with paper tape punch 
and reader. even parity keyboard and RSZ32 interface. 
SPECIAL OFFER - SEVEN DAY WARRANTY -CASH AND CARRY 
ONLY . .. .. £Z95.00 

1::-1: I 
I ::-1 : I ::-1 
--

::-1 : I 

Texas. 

Low Cost Printer O ffer. 
Teletype 33 printer mechanism 
including case but no keyboard or 
electronics. 64 upper case ASCII. 
I 0 cps. pinfeed platen, idea l for the 
electronic hobby ist ONLY .. £85.01> 

Texas. 
745 Portable Data Terminal 
including keyboard, printer, 
integral acoustic coupler and 
carry ing case. Total weight only 
13 lbs ... ...... .... .. .. .. ....... ... £750.00 

733 ASR terminal utilising high performance twin cassette drive for 
fast time-saving transmission and off-line storage. · * Silent operation * Sw itch-selectable transmission speeds 10. IS. & 30 cps * Full tape editing capability * High-speed duplication and rewind * Standard RS232 interface .. .. .. . · .. ...... £1 375.00 
745 LIGHTW EIGHT ( 131bs) terminal w ith integral acoust ic coupler, 
I 0/30 cps. carrying case .. .. ..... .. .... .. .. ... . £750.00 

FLOPPY DISK DRIVES 
Shugart SA400. 
5 V4 M INI-FLOPPY * Capacity (unformatted): 1 I OKb (single density) 220Kb (double 

dens1ty) * Power requirements + 5VDC + I 2VDC Dimensions 
5¥4" x 3!.4" x 8". weight 31bs 

..£195.00 

Shugart SA450. 
Double-sided. double density 
minifloppy providing 440KB 
unformatted storage capacity. y et 
the same compact size and weight 
as the SA400 .. . . ... £299.00 
Shugart SABOt . 
8" FLOPPY * Capacity (unformatted) : 

400Kb (single density) 
BOOKb (double density) * Power requirements 

+ 24VDC + 5VDC -5VDC 
Dimensions 4j" X 9 Vz'' X /4 V." 

.. . £395.00 

PAPER TAPE PUNCHES 
Dlgltronlc:s. 
P 135/20 paper tape punch. Solenoid-actuated unit capable of 
punch1ng 5 to 8 channel tapes at speeds up to 35 cps 
Pulse amplitude 27 VDC. Compact table-top unit . .£95.00 

KEYBOARDS' 

Faclt 4070. 
The top quality punch that has 
become an industry standard . 
Asynchronous 75cps operation 
Adjustable for punching 5. 6. 7 or 
81evel tape. Self-contained desk
top unit incorporating supply and 
take-up spoo ls. chad box. and TTL· 
compatible control logic .. . £650.00 

New ASCII Keyboards 
KB756MF 56-station keyboard w ith full upper/lower case ASCII. 
parallel Input. mounting frame for extra ng1d1ty power reqUirements 
+ 5V. -1 2V .. .. .......... .. .. ..... ... ..... ...... . .. .. .. ....... .... .. ... ......... .. £39.00 

(mai l ordertotal .. ........ . ... £4715) 
KB77 1 MF as per 756MF but with 71 keystations incorporating 
numeric pad and cursor con trol key s... .. .... £65.00 

(mail ordertotal) . .. .£77.0 5 
KB702 Steel-enclosure for KB756 keyboard .. .... ... .... .... .. .. .... £ 18.00 

(mail order total) .......... £23 .00) 

SURPLUS ASCII KEYBOARDS . 
Clare-Pen dar KB3. 63 Station reed-switch ASCII Keyboard with ROM 
and tested working, circuit diagram supplied .. .. .. .. ............. .. .. £35.00 

(mail ordertotal ........ . ..... £41 .98) 
Clare-Pendar KB3 63-station reed-switch keyboard untested and 
without ROM (orcuit supplied) .. . . .. .E 15.00 

(mail order total .. . ... £ 18.9B) 

PROGRAMMABLE CALCULATORS 
Hew lett Packard. 
9B30A with BK Memory, Extended 1/0 ROM. String Variables ROM. 
1 Serial and 3 parallel interfaces .. .. ...... .. .... .. .. ............ ... .. .... £1695.00 

MODEMS 
Racai MIIgo. 
Modem 26 lsi 1200/2400 baud. 2 or 4 w ire. full/half duplex 

. . P.O.A . 

GENERATORS 
Mawdsley. 
45KVA Generator system comprising AC Induction Motor, AC 
Generator. AC Exciter and Em reg Regulator. 
The alternator comprises of a screen-protected rotating field, 
complete with bUilt 1n over-hung exciter of the brush less pattern . It is 
wound for 415V. 3 phase, 50Hz. 4 w ire and developing 45KVA at 
0/8 P.F. when runn ing at a speed of I 500 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 w hen t!le alternator is on 
balanced 3-phase load and with one phase switched off or 
disconnected, the phase voltage w ill not vary more than :j:: 6 % 
under any conditions .. ..E 1250.00 

VDUs . 
Hazeltine. 

Also available from time to time 
Hazeltine 1500 from 
Hazeltine IS/ 0 from ... 

Tektronix 

H 1000 The low. low priced 
teletypewriter-compatible video 
display terminal, offering your 
cho1ce of transmiSSion speeds up to 
9600 baud as well as pa rity 
generation and checking. 12 x 80 
d isplay upper case ASCII. RS232 
interface, choice of baud rates 
Standard baud rates either (a) 
I I 01300 or (b) 300/1200. (E25 
surcharge for other combinations 
up to 9600 baud) 
SUPER VALUE .......... ...... . £1 99.00 
H2000 Superb spec. including full 
XY cursor addressing and edit 
facil ity. 27 x 7 4 disRJ~. upper case 
ASCII , RS232 interface, SWitc h· 
selectable baud rates .... £299.00 
H2000C NOW ALSO AVAILABLE 
with 25 x BOline format and 
C-MOS logic.. ... £375.00 
Modular One. Now w ith 
upper/lower case. XY cursor 
addressing. 24 x BOline display. 
dual intensity detachable . 
keyboard. choice of B transmission 
rates up to 9600 baud ...... £399.00 

.. .. ......... .. . £575.00 
........ ......... .. .. .. .. ..... . £650.00 

40 I 0· 1 Graphics Terminal w ith high-resolution graphics mode. 
standard alphanumeric mode, pnnter port, Integral stand £1,750.00 

Hours of Business: 9 a.m.-5 p.m. Mon-Frl~ Closed lunch . 
1-Zp.m. 
ADD 15% VAT TO ALL PRICES 
Carriage and Packing charge extra on all Items unless 
otherwise stated. 

WW-201 for further details 
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WILMS LOW 
ffi00[]]0(]] 
The firm for Speakers 

.HI-FI ~ 
s~:¥~ V 

· AUDAX HD12.9D25 £8.75 
AUDAX HD11 P25EBC £7.50, 
AUDAX HD20825H4 £14.95 
AUDAX HD 13D34H £12.95 
AUDAX HD24S45C £21.95 
AUDAX WFR 15S £23.95 
CHARTWELL CEA205 pair £61 .25 

. COLES 4001 £7.65 
COLES 3000 £7.65 
COLES 3100 £7.95 
COLES CE2000 6V2" £14.95 
CE!-ESTION HF1300 II £12.50 
CELESTION i·fF2boo £13.60 
PALESFORDD10tweeter £8.45 
DALESFORD D1 0 ferrofluid £8.95 
DALESFORD D301110 £11.25 

,DALESFORD D501153 £12.25 
DALESFORD D501200 £12.25 
DALESFORD D1001250 £29.95 
DALESFORD D300 £35.75 
DECCA London Horn · £79.95 
ELAC 6NC204 6'12'' £7.50 
ELAC 8NC298 8" £8,95 
EMI type 350, 13" x 8", 4 ohm £9.45 
EMI14A/770, 14" x 9", 8 ohm £19.50 
ISOPHON KK8/8 £8.15 
ISOPHON KK1018 £8.45 
JORDAN WATIS Module £24.95 
JORDAN WATIS Module Mk Ill £28.50 
JORDAN WATIS HF kit £10.50 
JORDAN 50mm Unit £3Bo 
JORDAN crossover each £15.95 
KEF T2 7 £9.45 
KEFB110 £12.25 
KEF B200 £13.50 
KEFB139 £27.75 
KEF DN 12 £9.40 
KEF DN 13 £6.75 . 
LOWTHER PM6 £63.00 
LOWTHER PM6 Mk I £67.75 
LOWTHER PM7 £99.00 
PEERLESS KOlODT £10.95 
PEERLESS DTl OHFC £10.50 
PEERLESS K040MRF £13.60 
RICHARD ALLAN CG8T £13.50 
RICHARD ALLAN CG 1 2T Super £29.50 
RICHARD ALLAN HP8B £20.75 
RICHARD ALLAN LP8B £14.50 

RICHARD ALLAN HP12B £33.50 
RICHARD ALLAN DT20 £9.95 
RICHARD ALLAN DT30 £10.75 
SEASH107 £9.95 
SEAS H211 ferrofluid £10.95 
SHACKMAN ES units £136 p8ir 
SHACKMAN ES units with cabs. £170 pair 

t~ 
The firm for Hi·Fi 
5 Swan Street 
Wilmslow, Cheshire 

PAGROUP& 
DISCO UNITS 

CELESTION G12150TC £19.50 , 
CELESTION G12/80CE £24.50 
CELESTION G 12 I 80TC £23.75 
CELESTION G 12 I 1 25CE £42.00 
CELESTION G15/1 OOCE £37.95 
CELESTION G15/ 1 OOTC £38.50 
CELESTION GlB/200 £64.75 
CELESTION Powercel 12/1 50 £66.00 
CELESTION Powercel 151250 £88.00 
FANE CLASSIC 45 12" £13.95 
FANE CLASSIC 55 12" £15.50 
FANE CLASSIC 80 12" £19.75 
FANE CLASSIC 85 1 5" £26.00 
FANE CLASSIC 1 50 15" £37.95 
FANE CLASSIC 125 18" £43.95 
FANE CLASSIC 175 1B" £47.95 
FANE GUITAR SOL 12" £26.25 
FANE GUITAR BOB/ 2 1 2" £27.25 

- FANE DISCO 100 1 2" £28.75 
FANE PAB5 12" £26.75 
FANE BASS 1 00 15" £39.00 
FANE CRESCENDO 1 2E 1 2" £57.50 
FANE CRESCENDO 1 5E 1 5" £74.50 
FANE CRESCENDO 1BE 1B" £94.75 
FANE COLOSSUS 15E 15" £99.95 
FANE COLOSSUS 1 BE 1 8" £107.00 
FANEJ44 £6.90 
FANE J73 £10.90 
FANE J 104 £15.95 
FANE J 1 05 £23.95 
GAUSS 3181 A 1 0" 150 watts £115.00 
GAUSS 4281 12" 300 watts £146.00 
GAUSS4581 15" 300watts £162.00 
GAUSS 4583A 15" 400 watts £162.00 
GAUSS 4882 18" 400 watts £220.00 
GOODMANS SPA £5.05 
GOODMANS PPl 2 £22.50 
GOODMANS Dl12 £25.50 
GOODMANS GR 12 £24.95 
GOODMANS 18P £48.45 
GOODMANS HIFAX 50HX £21.85 
GOODMANS HI FAX 1 OOHX £24.50 
MckENZIE C121 OOGP £24.45 
McKENZIE C121 OOTC £24.45 
McKENZIE C121 00 bass £24.45 
McKENZIE C12125GP £39.95 
McKENZIE C12125TC £39.95 
McKENZIEGP15 £35.10 
McKENZIE TC1 5 £35.10 
McKENZIE C15 bass . . . . . . . £59.60 
MOTOROLA PIEZO HORN 3W' £8.50 
MOTOROLA PIEZO HORN 2" x 6" £12.25 
RICHARD ALLAN HDBT £20.25 
RICHARD ALLAN HD10T £21.75 
RICHARD ALLAN HD12T £29.75 
RICHARD ALLAN HD15 £52.75 
RICHARD ALLAN HD15P £52.75 
RICHARD ALLAN 15" £77.00 
RICHARD ALLAN 1_8" £96.00 

KITS FOR MAGAZINE DESIGNS 

Kits include drive unita, croaMveB, 
BAF /long fibre wool, etc, for a pair of 
apeakeB 

Carriage £3.95 
unleaa otherwiM ltllted 

Practical Hi Fi & Audio PR09-TL 
including felt panels and level controls 

£152.75 
carriage £5 

Hi Fi Answers Monitor £146.00 . 
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 

Hi Fi for Pleasure Compact Monito~70 "00 
£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 Hi Fi Mini Monitor £77.00 
Popular Hi Fi Round Sound 
including complete cab inet kit £74.00 
Practical Hi Fi and Audio BSC3 £65.00 · 
Practical Hi Fi and Audio Monitor _ .. 

. - .. - - . .. ... . ..... - - £180.00 
Practical Hi Fi and Audio Triangle 

£120.00 
Practical Hi Fi & Audio DBS4 £85.00 · 

Everyday Electronics EE20 
Everyday Electronics EE70 

carriage £5 
£29.50 

£150.00 
carriage £5 

Wireless World T.L. KEF £125.00 
W ireless World T.L. RADFORD £190.00 

Smart badges FREE with all the 
above kits (to give that professional 
touch to your DIY speakers) . 
Reprints I construction details of the 
above designs 1 Op each. 

WILMSLOW AUDIO BA 1 
sub bass amp I ifier I 
crossover kit £37.95 

plus £1 carriage 

ALL eRICES INCLUDE VAT@ 15% 
and are correct at 1/2181 

SEND 50p FOR 56-PAGE CATALOGUE 
·cHOOSING A SPEAKER' 

(or price list only free of charge) 
Expon Catalogue £1 or $3 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. = Lightning ser~ice on telephoned credit card orders! 11!:! 

WW- 032 FOR FURTHER DETAILS 
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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 OTHERWISE STATED 

COLES NIMBUS KIT 
(mounted on baffle) 

£69.00 

DALES FORD SYSTEM 1 £54.00 
DALESFORD SYSTEM 2 £57.00 
DALESFORD SYSTEM 3 £104.00 
DALESFORD SYSTEM 4 £110.00 
DALESFORD SYSTEM 5 £142.00 
DALESFORD SYSTEM 6 £95.00 
DALESFOAD 'D' KIT (including cabinet) 

KEF Reference 1 04aB kit 
£79.95 _ 

£133.00 plus £5 carriage 
KEF Cantata kit £199.00 plus £5 carriage 
LS3 Micro Monitor kit t:76.00 
LOWTHER PM6 kit £132.75 
LOWTHER PM6 Mk 1 kit £139.95 
LOWTHER PM7 kit £199.00 
RADFORD Studio 90 £181.00 
RADFORD Monitor 180 £243 .00 
RADFORD Studio 270 £309.00 
RADFORD Studio 360 £450.00 
RICHARD ALLAN Tango Twin £55.50 
RICHARD ALLAN Maramba £77.50 
RICHARD ALLAN Charisma £11 1.00 
RICHARD ALLAN Super Triple £102.50 
RICHARD ALLAN Super Sara band II 

RICHARD ALLAN RA8 kit 
RICHARD ALLAN RA82 kit 
RICHARD ALLAN RA82L kit 
SEAS 223 
SEAS 253 
SEAS 403 
SEAS 603 
WHARFEDALE DENTON XP2 kit 
WHARFEDALE SHELTON XP2 kit 
WHARFEDALE LINTON XP2 kit 
WHARFEDALE L60 kit 
WHARFEDALE LBO kit 
WHARFEDALE L 1 00 kit 
WHARFEDALE E50 kit 
WHARFEDALE E70 kit 
WHARFEDALE E90 kit 

£159.95 
£62.75 
£98.75 

£108.00 
£42.50 
£67.00 
£79.95 

£134.95 
£31.45 
£40.40 
£56.20 
£52.50 
£72.00 
£87.00 

£129.00 
£160.00 
£249.50 . 

CARRIAGE & INSURANCE 
Tweeters I Crossovers 70p each 
Speakers 
4" to 6V2" 90p each 
8"to10" £1.10each 
12", 13"x8". 14"x9" £2.00each 
1 5" £3.00 each 
1 8" £5.00 each 
Speaker Kits £3.95 pair 
Mag . Design Kits £3.95 pair 

unless otherwise stated 

35/39 Church Street 
Wilmslow. Cheshire 

WIRELESS WORLD JULY 1981 

SK-6110 
(illustrated) 1 

£67.17 
+VAT 

SK-6110 and SK-6220 

Supplied complete 
! with batteries, test 

leads, spare fuse and 
instruction manual. 

0 Full auto-ranging on both voltage and resistance 
0 Current measurement up to 10A DC and AC 
0 Unit and range automatically displayed 
0 Auto polarity and auto zero 
0 Only 5mW dissipation-200 hours continuous use 
0 Zero adjust key to correct for test leads on low 

value measurements 

0 High impact ABS case 
0 Low battery indication 

SK-6110 
0 Audible continuity test function 
0 Range hold function 

0 Audible over-range indication 
~<; £\ectr011i 

~It; ~& 

~me' No: · 

6/7 
Telephone orders welcome for Access and Barclaycard 
and all account c~stomers. All prices inc. P.&P. 

WESTHVDE 
West Hyde Developmenls Limited, 

Un it 9, Park Street Industrial Estate , Ay lesbury , Bucks. HP20 lET. 
Telephone: Aylesbury (0296) 20441/5. 

WW - 044 FOR FURTHER DETAILS 

Other models availab le . 

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 XY using chi I 
as X input. 
Bandwidth 
2.3MHz. TV 
trigger. 

NOW BETTER 
VALUE THAN 
EVER AT 

9 

HM512 Dual 
Trace 
Oscilloscope 
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 
1 OOns-1 S with 
fine control CRT 
screen 8 x 10cm. 
Full XY using ch II 
as x mput, 
bandwidth 4 
MHz. Z input. 
Delay line allows 
viewing of 
leading edge. 
Vertical overscan 
indicated by 2 
LED's. 

HM307 10M Hz plus component tester. £138.00 
HM412 20 MHz w ith sweep delay . £350.00 

HM812 50 MHz storage . £1458.00 
All scopes can b·e fitted with a IQng persistence CRT at extra cost. 

World-beating Oscilloscope Offers: 
FROM 

Electronic Brokers 
61165 Kings Cross Road, 

., - London WClX 9lN. 
- Tei=Ol-278 3461. Telex 298694 

Pflces .do not include carnage or VAT -

WW- 053 FOR FURTHER DETAILS 
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CXBO COLOUR 
MATRIX PRINTER 
At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 

Colour printout is quickly assimilated, 
makes graphics more understandable 
and is an ideal medium for the presen
tation of complex data or concepts. 

WIRELESS WORLD JULY 1981 

---

Compatible with most microprocessors, prints in 7 colours 
programme makes the CX80 easy to use. 

sophisticated internal 

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics characters in rom. Centronics interface with RS232 and IEEE488 options. . 
The CX80 is a product of our own design and development laboratories. It represents a British breakthrough in colour printer technology. Colour brochure on request. OEM pricing available. 

N RDC·-AM BISON IC 
UHJ 

SURROUND SOUND 
DECODE~ 

The fintever _kit specially produced by lntegrex for this British N ROC backed surround sound system which is the result of 7 years· research by the Ambisonic team . W .W . July, Aug .. · 7 7 The unotos desogned to decode not only UHJ but virtually all other 'quadrophomc' systems (Not CD4). including the new BBC HJ . 10 mput selections. The :Jecoder IS lmear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input sognals and 4 or 6 output , ,,,,.dis are provided in this most versatile un1t Complete woth mams power supply, wooden cabinet, panel , knobs, etc . 
Complete kit, including licence fee £57.70 + VAT or ready built and tested £76.95 +VAT 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

The original " Wireless World " published Intruder 1 has been re-designed by lntegrex to in corporate several new features, along with improved performance. The k1t is ever) 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 ran~e up to 45 feet . Internal mains rated voltage free contacts for externa l bells etc . 
. Complete kit £52.50 plus VAT. or ready buil t and tested · £68.50 plus VAT. 

Wireless WOrld Dolby ·noise reducer 
Trademark of Dolby Laboratories Inc . 

Otrfi~®OO~ 
Rf»;C'<<>>'d R tt-eorrl 
a~n~nc $.;.t:>Vfi$J 

~~ 
fl$w.¢~>~"" $ 

Complete Kit PRICE: £49.95 +VAT (3headmodelavailable) 

Typical perfonnance 
Noose reductoon better than 9dB weighted 
Clopping leve l 16 .5dB above Dolby level (measured at 1% third ha rmonoc content) 
Harmonic distortion 0.1% at Dolby level typ ically 0 .05% over most of band . rising to a maximum of 0 .12% 
Signal-to-noose ra tio 75dB (20Hz to 20k Hz . signal at Dolby level) . at Monitor output 

Dynamic range > 90dB 

30mV sensitivity 
Also available ready bui lt and tested ...... ... ............ .... : ... ........... ... ................ .. .. .... Price£67.50 +VAT 

:~~ ~;- --~~' 

: VISA ! 

Calibration tapes are available for open-ree l use and for ca ssette (specify which) .. ..... Price £2.75 + VAT 

All kits are carriage free 

IDTEiiREH LimiTED 
'·-·--- ·' 

·Please send SAE for complete lists and specifications 
Portwood Industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 2_15432 Telex 377106 

WIRELESS WORLD JULY 1981 

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

Q.uartz 
Devices 

Limited This technology is available now from 

Crewkerne 
Somerset TA 18 ?Jl' IfJJi]) 29 Market Street 

. ~;:w~~:~~ \:J.':: ~4433 
WW- 034 FOR FURTHER DETAILS 

MODES-

TYPE 631 FILTER OSCILLATOR 
£112 & 2.50 carriage . ins. etc . 

COVERS THE RANGE 0.1Hz to 100I<Hz 

ACCEPT 

REJECT 

n from less than 1 to over 300 
90 dB notch 

HI and lO PASS 12 dB per octave 
OSCillATE Sinewave and squarewave 

TYPE 631LF - £118.13 & 2.50 carriage, ins. etc . 

low frequency version 0.01Hz to 10I<Hz 

OMB ELECTRONICS, RIVERSIDE, EYNSFORD, KENT OM OAE 
Tel. Farningham (0322) 863567 

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

to press and are subject to change without notice. 

'"11111111--FROM OMB ELECTRONICS--~ 
WW _ 049 FOR FURTHER DETAILS 

.· .· l\ 
\\\\ •• \,. 

\\t\\8 
'"'" ,,,,\. -~~~~~·'\\\\t · 8050A4% Digit LCD ~ "" DMM w1th true RMS on AC volts and current 

DC volts 200mV -1 KV, 
101.N resolution AC 
volts . 200mV-750V, 
1 011V resolution. 
DC/ AC current 
200~-LA-2A, 0 . 01~-LA 
resolution resistance 
200Q-20MQ, 0.01Q 
resolution. Also reads 
dB direct referenced to 
16 stored impedances. 
Conductance ranges 
2mS and 200nS . 
£245 mains model 
£285 mains battery 

8012A 3 Y2 Digit LCD DMM with true RMS on AC volts and current. 
DC volts 200mV-1 KV, 100~-tV resolution. AC volts 200 mV-~50V, 
100 V resolution. DC/ AC current 200~-tA-2A, 0 . 1~-tA resolutiOn. Re~stance 200Q-20MQ, 0.1 Q resolution Low resistance 2Q and 20Q, 
1 mQ resolution Conductance ranges 2mS-20~-tS-200nS . · £218.00 mams model 

£244.00 mains battery. 

11 

8010A 3% Digit LCD 
DMM Same spec as 
8012A plus a 1 OAmp 
AC/ DC current range, 
but no low resistance 
range. 
£167.00 mains model 
£193.00 mains battery. 
8024A 3 Y2 Digit hand 
held LCD DMM with peak 
hold Level Detector 
and continuity tester. 
DC volts 200mV-1 KV, 
100~-LV resolution. 

AC volts 200mV-750V, 10011Vreso\ution.DC/ AC cur~ent 2mA-2A; 
1~-tA resolut:on. Resistance 200Q-20MQ, 0.1Q resolut1on. 
Conductance 200nS .Peakhold of AC or DC volts and c_urrent. 
Level detector operates around + O.BV: reference. AudiO tone on 
level and continuity, £155.00, carrymg case £8.00 extra. · 

8020A 3% Digit hand held LCD DMM . spec as per 
8024A with extra conducta~ce_ range of 2mS but . 
no peak hold, level or contmUity ranges. 
Complete with carrying case. £125.00. 

8022A 3 Y2 Digit hand held LCD DMM. Spec 
'lS per 8020A but no conductance ranges 
and slight reduction in accuracy, £89.00 

carrying case £8.00 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 . 

Electroq;_!i KiJ!t.!!~J~rs 
I -...I - London,WC1X9LN . _.-t - Tel: 01-278 3461- Telex 298694 · Proces do not onclude carnage or VAT . 

WW - 054 FOR FURTHER DETAILS 
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12/24V RANGE PRI220/240V 15/30V RANGE PRI 220/240V 
SEC:~~ sec: ~v !J~~og3~tv 0 12V OV 12V 

TYPE AMPS PRICE P/P VOLTS AVAILABLE 3= > 15-0-15 

12v 24v £ £ TYPE • AMPS PRICE P/ P 
242 0.3 0.15 1.70 0.40 15v 30v £ £ 
213 10.50 2.32 0.70 112 1 0.50 2.47 0.95 

71 2 1 2.51 0.90. 79 2 1.0 3.16 0.95 
18 4 2 3.24 1.43 3 4 2 5.64 1.43 
68 3 1.5 3.15 1.43 20 6 3 6.59 1.73 
85 5 2.5 5.52 1.43 21 8 4 7.80 1.73 
70 6 3 6.26 1.43 51 10 5 9.68 1.90 

108 8 4 7.36 1.73 117 12 6 10.97 2.05 
116 12 6 8.57 1.90 88 16 8 14.65 2.20 

17 16 8 10.53 2.05 . 89 20 10 16.93 2.35 
115 20.10 13.69 2.05 90 24 12 18.84 2.55 
187 30.15 17.72 2.45 . 91 30 15 21.56 2.65 
232 40 20 25.16 3.50 92 40 20 30.08 3.50 
226 60 30 35.35 4.00 AUTOTRANSFORMERS 240/220-115V 

48/96VRANGE PRI120/220/240V 
r ooooo~ooo9ooooo 1 ssvA - 10 KVA 
OV 11 V 220V 240V 

sEc ' tS6MS6~tv tsomo~xv TYPE VA PRICE P/P 
VOLTS 12=> 48-Q-48 25 65 3.82 1.10 

64 80 4.40 1.10 TYPE AMPS PRICE P/P 4 150 5.64 1.43 
48v 96v t: £ 69 250 7.13 1.73 430 1 0.5 4.14 1.43 ' 53 350 8.97 1.90 431 2 1 7.22 1.73 67 500 11.09 2.20 432 4 2 11 .87 2.05 83 750 12.42 2.20 433 6 3 14.47 2.20 84 1000 16.88 2.65 434 8 4 18.43 2.45 95 2KVA 31.26 4.00 435 10 5 26.16 2.65 73 3 61 .27 4.75 436 12 6 32.75 4.00 57 5 . 87.42 6.60 437 16 8 35.77 4.60 101 10 159.45 13.00 

MAINS ISOLATORS (SAFETYSCAEENJ MAINS ISOLATORS (SAFETY SCREEN) 

"" 120/220/24ov sEc &alvd\29°o'tb~PJ0~Jv sJvDqgg~~~~!d~Jv . PRI 380/415/460\1 SEC 60(VQ~i9~1lfb~~VQQ2Jv &Dvqy9~~02Pv002Jv 
TYPE VA PRICE P/P 

TYPE £ £ VA PRICE P/ P 
149F 60 7.35 1.73 243F 

£ E 
105F 8.61 1.73 60 7.35 1.43 100 244F 100 8.61 1.73 
151F 200 12.15 2.05 245F 200 12.15 2.05 

25/50V RANGE PRI 120/220/240V 

sEc ~3og8e0~Xv ~v 
VOLTS OUT5 = >25 - 0-25 

TYPE AMPS PRICE P/P 
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 

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

TYPE VA 

56W 20 
64W 80 
4W 150 

69W 250 
67W 500 
84W 1000 
95W 2000 
73W 3000 

INVERTOR 
In : 12v D.C. Nom. 

PRICE 
E 

5.52 
7.63 
9.63 

11 .98 
18.67 
26.90 
48.45 
69.18 

P/P 
£ 

0.58 
1.43 
1.73 
1.90 
2.20 
2.65 
7.00 
8.00 

Out: 240v A.C. square wave 100VA Con 
150VA Peak. 
INV 1. Cased~ pvc covered S\e el case with 13-
amp, 3-pin socket £49.95 plus £2.50 carriage. 
INV 2. Open frame for OEM £39.95 plus £2.50 
carriage. 

WIRELESS WORL.:D JULY 1981 

30/60V RANGE PRI120/220/240V 
SEC :~ 

OV 24V 30V t9°1~~0tfJ~~v 
VOLTS 6 => 30 - 0-30 

TYPE AMPS PRICE P/ P 
30v 60v £ £ 

124 1 0.5 2.92 1.43 
126 2 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 

LINE ADJUSTMENT AUTOTRANSFORMERS 
r OOQOOoqooopooopoopooo I 
0 200 210 220 230 240· 250 

TYPE VA PRICE P/P 

415C 50 2.1 3 0,58 
416C 100 3.13 1.10 

417C 200 3.65 1.43 
418F 350 5.63 1.43 

419F 500 6.13 1.73 
420E 750 7.60 1.90 
421F 1000 10.55 2.05 

MAINS·ADAPTORS 
13 amp plus in type, reversible · 

spider jack lead . · 
TYPE . VA mA PRICE P/ P 
100 6-7.5-9v 250 3.85 0.58 

REGULATED 
101 6-7 .5-9v 300 4.70 0.58 

152F 250 14.75 2.20 
153F 350 18.22 2.55. 
154F 500 22.70 2.65 
155F 750 32.08 7.00 

246F 250 
247F 350 
248F 500 
249F 750 
250F 1000 

14.75 
18.22 
27.70 
32.08 
41 .26 

2.20 
2.55 
2.65 
7.00 
8.00 

SEND TODAY 50p (REFUNDABLE WITH FIRST ORDER) FOR CATALOGUE 
TITAN TRANSFORMERS AND COMPONENTS 

Dept. WW, CENTRAL HALL CHAMBERS, GRIMSBY 156F 1000 41 .26 7.00 S. HUMBERSIDE DN32 7EG 
, MAIL ORDER ONLY - PRICES INCLUDE 15% VAT 

WW - 022 FOR FURTHER miT AILS 

NEW DISTRIBUTORS WANTED 

.JUST WRAP~ 
Just wrap:® wire-wrapping tool 
Why cut? Why strip? Why slit? Why not just wrap? 

• AWG30wire. 
• 0.025" square posts. -• Daisy chain or point to point. 
• No stripping. 
• Built-in cut off. 
• Easy loading of wire. 
• Available wire co"lours : Blue, white, yellow and red . 

JW-1-B 
JW-1 -W 
JW-1-Y 
JW-1-R 

Blue 50 foot roll and' just wrap tool. 
White 50 foot roll and just wrap tool . 
Yellow 50 foot roll and just wrap too l. 
Red 50 foot roll and just wrap tool . 

Just wrap T M kit 
Contains: Just wrap tool. Roll of blu e wire (50ft). Ro ll of 
white wire (50ft) . Roll of yellow wi r· e (50ft). Roll of red 
wire (50ft) . Unwrapping tool. 
JWK-6 Just wrap k it . 

Just wrap:® 
replacement rolls 
R-JW-B 
R-JW-W 
R-JW-Y 
R-JW-R 

Cabb ies Ltd ., 
London . 01-699-2282 ..... ~..~WARe* Microdig ita l Ltd , 
Liverpool. 051-227 -2535 

Elect ronica CG Ltd ., 
Manchester. 061-788-0656 

Spectror.~ Electron ics (Manchester) Ltd ., 
Salford. 061 -834 -4583 

DUTTON LANE EASTLEIGH S05 4AA TEL(0703)610944/ 5 
AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS 

Jee D istr !bu tion Ltd ., 
M rdd lesex . 01 -897 -3429 

Watfo r· d Eiectmnics Ltd ., 
Wa~ford 0923-3777 4 

T echnoma tic Ltd ., 
Lon don . 01 -452-1500 

WIRELESS WORLD JULY 1981 

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 1011 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. 

WW- 02.9 FOR FURTHER DETAILS 

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 I MO. 

IMO 
Muchmore 

than you may know 
IMO Precision controls Ltd., 

349 Edgware Road, London W21BS. 
Tel : 01-723 2231/4 or 01-402 7333/6. 

13 

·I.' 

. I, 

· I 

www.americanradiohistory.com

www.americanradiohistory.com


14 WIRELESS WORLD JULY 1981 WIRELESS WORLD JULY 1981 

i'HE:N ' cO•. r ti •.s······· 
·::::::·:.:::·:··:::·::: .. 

. .. ··-···· ·· ········-- -- -
:::::::.::::::::::: : ::::: 

.: ::::::::::::.::: ::: : : :: : • Sinclair lXII 
rsonal Co111puter. 

o ··••• ••··--- _. /-. /H H 
' ' "==~~-: 'J'-' ''"' 8~~~~@ TI tL •G ~EN . Gd Td ;4EL • 

-~g ·[~~Tigiqs. ~(! J) Y8f"tf T HEN •co 

Kif: £49. !I com~lete 
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 
8K BASIC 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 
load 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 computer 
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, riew BK BASIC 
ROM, RAM-and unique new master chip. 

Built: 
£69.!5 

Kit or bu•·-r· ..... ,-.. -.-...... . 
it's up to you! 
The picture shows dramatically hA-.:1.-r:-:·.·-:-:;.:.::·.:-:,·.: 

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 
su itable 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. 

New 
Sinclair 
teach-yourself ,! 
BASIC 
manual 
Every ZX81 comes 
with a compre
hensive, specially
written manual-a 
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 
eZ80A micro-processor- new faster 
version of the famous Z80 chip, widely 

recognised as the best ever made. 

e 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. 

e Unique syntax
check and report codes 

identify programming 
errors immediately. 

• Full range of mathematical 
and scientific functions accurate 

to eight decimal places. 

e Graph-drawing and animated
display facilities. 

• Multi-dimensional string and 
numerical arrays. 

e Up to 26 FOR/NEXT loops. 

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

e Cassette LOAD and SAVE with 
named programs. 

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

e Able to drive the new Sinclair printer 
(not available yet- but coming soon!) 

• Advanced 4-chip design: micro
processor, ROM , RAM, plus master chip 
-unique, custom-bui lt chip replacing 
18ZX80 chips. 

sin-=:lair
ZX81 
Sinclair Research Ltd, 
6 Kings Parade, Cambridge, Cambs., 
CB21SN. Tel : 0276 66104. 
Reg. no: 214 4630 00 

lfyouowna 
Sinclair 1180 ..• 
The new 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. 

16K·BYTE RAM 
pack for 1nassive 
add·on 1ne1nory. 
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! 

Co111ing soon· 
.the Zl Printer. 

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. 

I 
I 
I 

. I 

I 
I 
I 

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 is 
on the whole TV screen without the 
need for fu rther instructions. The ZX 
Printer will be available in Summer1981, 
at around £50-watch this space! 

Oty Item 

How to order your ZX81 
BY PHONE- Access or Barclaycard 
holders can call 01-200 0200for personal 
attention 24 hours a day, every day. 
BY FREE POST- use the no-stamp
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclay card. 
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. 

I 
Code Item price Total 

£ £ 

Sinclair ZX81 Personal Computer kit(s) . Price includes l 
ZX81 BASIC manual, excludes mains adaptor. 12 49.95 

Ready-assembled Sinclai r ZX81 Perso·nal 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 

I Please tick if you require a VAT receipt 0 TOTAL £ _ - , --

1 *I enclose a cheque/postal order payable to Sinclair Research Ltd, for£ ----c------

1 *Please charge to my Access/Barclaycard/Trustcard account no. 

I 

I *Please delete/complete as applicable . Please print. 

I Name : Mr/Mrs/Miss I I I I I I I 
I Address I · I I 
I I i I I I I I I I I I I I I I I I I I I l_ I I I I 
~~~s~-.!:! ~~n=d~--______ · ______ .!_R~~ 
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A range of Scopes in stock from SmHZ Single Trace to SOmHZ Dualtrace 
Mains and Battery/Mains portables. Many on demonstration 

WIRELESS WORLD JULY 1981 

SINGLE TRACE (uKc/petc£2.50) DUAL TRACE(uKcrpetc£3.50) 
3030 15m HZ 5LV 6.6x6.6cm. display plus component test CS1566A 10m HZ, 10mV 5" display £267.00 

£166.75 CS1575 5mHZ 1 mV 5" multi display £284.00 
303510mHZ 5LV 5" display plus component test £189.75 Hm 312-8 20m HZ. 5mV ax 10cm display £253.00 
Hm 307-3 10m HZ. 5mV, 6x7 em display plus component test CS1560A 1115mHZ 10MV 5" display £315.00 

£158.95 CS1566A 20m HZ, 5mV, 5" display £339.00 
C01303D 5mHZ, 10mHZ, 7x7cm display £115.00 *LB0308S 20mHZ, 2mV, 5x6.3cm display. Battery/mains. Portable built-
SC110 10mHZ Battery portable, 10mV 3.2x2.6cm display in Nicads with probes £538.20 

£158.95 3034 15mHZ 5LV 6.6x6.6cm display battery/mains with Nicads and 
(Optional case £8.86. Nicads £8.63 Mains unit £5.69) charger · £385.25 

CS1559A 10m HZ 10mV. 5" display £232.00 HM412-4 20m HZ, 5mV, 8x10cm display plus Sweep Delay £399.50 

SAFGAN DUAL TRACE CS1577A 35mHZ, 2mV, 5" display £478.00 
C/P UK £2.50 CS1830 30m HZ, 2mV, 5" display plus sweep delay and delay line- new 

10mHZ £194.95, 12m HZ £201.25, 15m HZ £216.20 model £569.00 

OPTIONAL PROBES (ALL MODELS) Hm 512-8 50mHZ, 5mV, 10xBcm display. Delay Sweep £667.00 

-~·····- ~···; Ci~ X1 £6.50, X10£8.50, X100£12.95, X1-X10£10.95 *LB051410mHZ, 1mV, (5mV) 5" display, with probes £322.00 
-~ eve' _ -;~].. HAMEG e TRIO e SINCLAIR e LEADER e CROTECH 

GENERATORS 
(UK c/p £1.75) 

SG402100 KHZ-30mHZ with AM 'PRO' MUL TIMETERS 
modulation £68.00 (UK c/p £1.20) 

A range of Signal Generators to cover Audio, 
RF and Pulsing. Mains operated. 

LSG16 100KHZ (300mHZ on M1200 100K/Volt 30 range plus AC/DC 15, 
Harmonics) £63.25 amp £67.00 
LSG231100m HZ 1 mHZ (adjustable) K1400 20K/Volt 23 range large scale £79.95 

FM stereo generator, pilot and mod M
1500 2

0K/Volt 42 range plus AC/DC ~05~~b Range in stock covering up to 

PULSE £195 00 K200 38 range FET 10m OHM input 20Hz to 150mHZ and up to 1K/watt 
. 1 MHz multimeter £95.00 power PL259 sockets. Also 25 

2001 1HZ-100KHZ (function) £89.70 mHZ Grid Dipmeter. 

TG105 5HZ-5mHZ £92.50 ,_--------------ooot SWR5SWR/FS3-150mHZ £9.50 
4001 0.5HZ-5mHZ £109.25 SWR50 SWR/Power meter. 3Vz-

200PO.OO 2HZ 5.5mHZ £253.00 LOGIC PROBES/MONITORS 150mHZ0-1000watts £13.95 

200SPC as 200P plus built-in freq. Logic probes indicating high/low, etc., states ~)fo/~~~:~;-er 1 h- 1 ":1n;.~~ 
display/100mHZ counter £437 that scopes can miss. All circuit powered for 111 As 110 Twin meter plus 
TG100 (function 100KHZ) £90.85 all ICs. E/S £14.50 

TG102 0.2HZ-2mHZ (function) £166.75 LP3 50mHz logic probe £55.95 Plus large range of BNC/Pl259/ 

AUDIO 
LP110mHzlogicprobe £35.50 etc leads plus adaptors/ 

(All sine/square) LP2 1 VzmHz logic probe £19.95 connectors always in stock. 
AG202A 20HZ-200KHZ £69.00 LM1 Logic monitor £33.00 176 SWR/Power/FS 1Vz-· 

LAG26 20HZ-200KHZ £73_60 LDP076 50 MHz logic probe with case £51.00 
4
1
0
44mmHHZZma5t-c5hO watt. Plu£s

16
2.
6
5
0
. 

Also in stock range of Protoboard kits and 
AG20310HZ-1mHZ sine/sq £126.50 breadboards. . KDM6Gnd Dip 1V2-250mHZ 
LAG120A 10HZ-1mHZ £146.00 £38.50 LEADER e TRIO e NEWTRONICS e LEVELL 

A range of LED and LCD Bench and Hand DMMs battery operated with 
optional Mains Adaptors, some with optional Nicads. All supplied with 

batteries and leads. BENCH POftTABLEStuKc/p £1 

HAND HELD (UK post etc 85p) DM235 3% Digit LED 21 ranges, 0.5% 

GL35C 3V2 Digit LCD in AC/DC with AC/DC 2A £60.38 
case £37.50 DM350 3112 Digit LED 34 ranges AC/DC 

TM352 3V2 Digit LCD plus 10A DC and 10A £83.38 
Hfe checker £54 .95 TM353 3% Digit LCD AC/DC 2 amp 

LM2001 3Vz Digit LCD 2 amp AC/DC £96.60 
0.1% £S1•70 TM351 3112 Digit LCD AC/DC 10 amp 

6200 3V2 Digit LCD 0.2A AC/DC. Auto £113.85 
range £45_95 LM100 3V2 Digit LCD AC/DC 2 amp 

6220 As 6200 plus 1 OA AC/DC £55.95 £86.50 
6100 As 6200 plus Cont. test/range DM450 4% Digit LED 34 ranges AC/DC 
hold £69.9S 10 amp £113.85 
6110 As 6100 plus 1 OA AC/DC £85.95 (DM series options. Carry case £8.86 KRT101 1 K!Volt 10 range pocket £4.60 

TM354 3V2 Digit LCD 2A DC £45•95 Ni-cads £8.63 Mains adaptor £5.69) ATM1/LT11K!Volt 12 range pocket £5.98 

130 3% digit LCD 1 OA. AC/DC £ 10• 2 _35 1503 4% Digit LCD 28 range AC/DC 10 NH55 2K/Volt 10 range pocket £6.50 
• 1 d · d £15995 ATI2K/Volt12rangepocketdeluxe £7.75 

~-----------~---~----------~a~m~p~ln~c~u~e~s~m~a~l~n~s~a~a~~~o~r~~~·~TMK~o~~vn~nge+ 1 ~DC+wnh ~~~ 
CLAMP METERS/ YN360TR 20K/Volt 19 range pocket plus hfe t~~~-50 FREQUENCY 

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

IN.SULA TION TESTERS AT1020 20K/Volt 19 range de luxe plus hfe te£t
16

.
95 

(All multirange except 1<2303) 7081 50K/Volt 36 range plus 10 amp DC £20.80 

HAND HELD (UK post etc SSp) . 
PFM200 20HZ to 200m HZ 8 Digit LED £57.27 
MAXSO 1OOHZ to 50mHZ 6 Digit LED £56.35 
MAX550 30KHZ to 550mHZ 6 Digit LED 

· • 

9 

· . ~.I').-i.' ·. 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 
AT2Q5 50K/Volt 21 range de luxe plus 10A DC 

£24.95 
7080 20K/Volt ?6 range large scale, 1 OA DC plus 
5KV AC/DC £26.95 
AT2050 50K/Volt 18 range de luxe plus hfe test 

£97.00 

BENCH PORTABLES (UK c/p£1l 
MAX100 8 Digit LED 5HZ to 100mHZ £89.00 
TF200 8 Digit LCD 10HZ to 200mHZ £166.75 
7010A 9 Digit LED 1OHZ to 600mHZ £184.00 
TP&OO 600mHZ Pre-Scaler £43.13 
200SPC 6 Digit 100mHZ LED built into 
0.002HZ to 5.5mHZ Pulse Generator £437.00 
TF040 8 Digit LCD 40mHZ £126.50 

CSC. SINCLAIR e OPTOELECTRONICS e NEWTRONICS 

K2303. 30 AMPS. 500 VAC £21.95 
3101. 300 AMPS. 600 VAC. 1 K 
OHM £32.95 
K2803. 300 AMPS. 600 VAC. 2K 
OHM £53.95 
K2903. 900 AMPS. 750 VAC. 2K 
OHM £77.95 
K3103. Transistorised insulation/ 
continuitY, tester. 100 MEG. 600 
VAC. 0/2 ~K £95.00 
M500 Insulation tester. 100 MEG. 
500 VOLT. 0/200 OHMS continuity 

£67.50 
Also digital and DC type!: in stock 

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

e All prices correct at 15.5.81 E & OE e All prices include VAT 

WW- 005 FOR FURTHER DETAILS 

£28.50 
AT210 100K/Volt 23 range de luxe 12A AC/DC 

£29.95 
360TR 100K/Volt 23 range plus hfe checker and 
AC/DC 10 amps £34.95 
KAT 500 1 50KIV range doubler 1 OADC · £16.50 
ETC 500 0 As above with coloured sca les £17.95 
CHOOSE FROM UK'S LARGEST SELECTION 

Send.large SAE 
(20p UK) 

Schools, Companies 
etc. free on request., 

WIRELESS WORLD JULY 1981 

Here is the 
expertise you 
can depend on-

When you choose a mast 
from the comprehensive 
Clarke range you are 
assured of a high 
standard of Engineering 
·and operational 
reliability. 

Why compromise? 

Extended heights 4 
metres-30 metres, 
capable of lifting 
headload 1 kg.-200 kgs. 
Sectional or telescopic air 
operated for field or 
vehicle mounting. Write 
or phone us for details 
today. 

CLARK W.T.16 vehicle
mounted in a Saviem
Renault. An air-operated 

telescopic mast mainly 
used for raising heavy 
antennas and 
instruments. 
Extended heights 3.2m. to 
30.5m. 

CLARK MASTS LTD. 
Binstead, 
Isle of Wight, 
P033 3PA, England. 
Telephone: Ryde .( 0983) 63691, Telex: 86686. 

WW -018 FOR FURTHER DETAILS 

MICROCOMPUTER COMPONENTS 
_ _~ ~ ·---LO_'!'f~ST PRICES - FASTEST DELIVERY __ 

!DEVICE PRICE !DEVICE 

SUPPORT CHIPS 
6520 
6522 
6532 
6821 
6840 
68488P 
6850 
6862 
6871A1T 
6875P 
6880 
6887 
8212 
8216 
8224 
8228 
8251 
8253 
8255 
Z80CTC 
Z80ACTC 
Z80DMA 
Z80ADMA 
ZBODART 
Z80ADART 
zao P10 
Z80AP10 
Z80 510-0 -} 
Z8o s10-1 
Z80S10-2 
Z80A S10-0 -} 
Z80AS10-1 
Z80AS10-2 
MEMORIES 

5.50 
3.82 
5.74 

14.53 
12.00 
8.02 
4.00 
5.92 

3.15 
5.60 
7.75 
1.93 
5.87 
9.38 
1.95 
7.09 

20.90 
4.16 
1.07 
0.80 
1.95 
1.95 
2.50 
4.20 
4.75 
9.90 
4.20 
4.00 
4.90 

11.52 
17.25 
7.20 
7:67 
4.00 
4.40 

17.90 

22.90 

2101 3.68 
2102 2.54 
2114 200ns low power 

2708 
2716 (5v) 
2732 2532 (specify) 
4116150ns 
4116200ns 
6810P 
REGULATORS 
7805 
7812 
7905 
7912 

CRT CONTROLLERS 

1.35 
1.73 
2.67 
7.59 
1.25 
1:20 
1.43 

0.55 
0.55 
0..65 
0.65 

9364AP 8.64 
6845 11.72 

BUFFERS 
81LS95 
81LS96 
B1LS97 
81LS98 
8T26A 
8T28A 
8T95N 
8T97N 
8T98 

1.20 
1.25 
1.20 
1.25 
1.50 
1.50 
1.50 
1.50 
1.50 

MISC SUPPORT CHIPS 
AY-3-1015 (or ) 3.49 
AY-5-1013 equiva- 3.19 
AY-5-2376 lent 7.00 
MC1488 0.75 · 
MC1489 0.75 
MC14411 6.99 
MC14412 7.99 

DATA CONVERTERS 
ZN425E 3.50 
ZN426E 3.00 
ZN427E 6.28 
ZN428E 4.78 
ZN429E 2.10 
ZN432 28.09 
ZN433 22.59 
Data converter 
Handbook 1.00 

74LSSERIES 
74LSOO 0.11 
74LS01 0.15 
74LS02 0.14 
74LS03 0.14 
74LS04 0.13 
74LS05 0.15 
74LS08 0.14 
74LS09 0.15 
74LS10 0.13 
74LS11 0.15 
74LS12 0.15 
74LS13 0.29 

74LS15 
74LS20 
74LS21 
74LS22 
74LS26 
74LS27 
74LS28 
74LS30 

· 74LS32 
74LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS47 
74LS48 
74LS49 
74LS51 
74LS54 
74LS55 
74LS73 
74LS74 
74LS75 
74LS76 
74LS78 
74LS83 
74LS85 
74LS86 
74LS90 
74LS91 
74LS92 
74LS93 
74LS95 
74LS109 
74LS112 
74LS113 
74LS114 
74LS122 
74LS123 
74LS124 
74LS125 
74LS126 
74LS132 
74LS136 
74LS138 
74LS139 
74LS145 
74LS148 
74LS151 
74LS153 
74LS155 
74LS156 
74LS157 
74LS158 

· 74LS160 
74LS161 
74LS162 
74LS163 
74LS164 
74LS166 
74LS173 
74LS174 
74LS175 
74LS181 
74LS190 
74LS191 
74LS192 
74LS193 
74LS194 
74LS195 
74LS196 
74LS197 
74LS221 
74LS240 
74LS241 
74LS242 
74LS243 
74LS244 
74LS245 
74LS247 
74LS248 
74LS249 

.· 74LS251 
74LS253 
74LS257 
74LS258 
74LS259 
74LS261 
74LS266 
74LS273 
74LS279 
74LS283 
74LS290 
74LS293 
74LS365 
74LS366 
74LS367 
74LS368 
74LS373 
74LS374 
74LS375 
74LS377 
74LS378 
74LS379 
74LS386 
74LS390 
74LS393 

OFFICIAL ORDERS WELCOME 

MIDWICH COMPUTER CO. LTD. 
(Dept. WW) 
HEWITT HOUSE, NORTHGA TE STREET 
BURY ST. EDMUNDS. SUFFOLK IP33 1HO 
TELEPHONE: (0284) 701321 

PRICE I DEVICE PRICE 

0.51 CMOS 
0.15 4000 0.12 
0.13 4001 0.12 
0.15 4002 0.12 
0.15 4006 0.69 
0.19 4007 0.14 
0.15 4008 0.61 
0.17 4009 0.31 
0.14· 4010 0.37 
0.14 4011 0.13 
0.11 4012 0.19 
0.17' 4013 0.34 
0.17 4014 0.62 
0.14 4015 0.64 
0.40 4016 0.28 
0.42 4017 0.54 
0.70 4018 0.59 
0.62 4019 0.36 
0.14 4020 0.68 
0.15 4021 0.70 
0.15 4022 0.68 
0.22 4023 0.19 
0.18 4024 0.39 

' 0.30 4025 0.15 
0.22 4026 1.1Z 
0.25 4027 0.36 
0.54 4028 0.64 
0.17 4031 1.55 
0.18 4033 1.30 
0.36 4034 1.60 
0.81 4035 0.85 
0.40 4036 2.25 
0.39 4039 2.45 
0.48 4040 0.67 
0.26 4041 0.70 
0.26 4042 0.56 
0.26 4043 0.62 
0.26 4044 0.62 
0.45 4045 1.30 
0.45 4046 0.75 
1.07 4047 0.78 
0.29 4048 0.44 
0.29 4649 0.28 
0.51 4050 0.27 
0.29 4051 , 0.62 
0.40 4052 0.62 
0.40 4053 0.62 
0.78 4054 1.02 
1.13 4055 1.00 
0.35 4060 0.88 
0.35 4063 0.94 
0.50 4066 0.38 
0.50 4067 0.22 
0.36 4068 0.21 
0.40 4069 0.15 
0.43 4070 0.23 
0.43 4071 0.20 
0.43 4072 0.20 
0.43 4073 0.20 
0.51 4075 0.20 
0.37 4076 0.67 
0.77 4077 0.23 
0.78 4078 0.20 
0.60 4081 0.20 
1.50 4082 0.20 
0.61 4085 0.45 
0.61 4086 0.56 
0.69 4093 0.43 ' 
0.69 4502 0.80 
0.42 4507 0.37 
0.42 4508 2.25 
0.68 4510 0.67 
0.68 4511 0.51 
0.64 4512 0.63 
1.01 4514 1.53 
1.15 4515 2.38 
0.85 4516 0.72 
0.85 4518 0.72 
0.84 4519 0.56 
1.21 4520 0.71 
0.41 4521 1.65 
0.74 4522 1.15 
0.74 4526 0.75 
0.46 4527 1.00 
0.46 4528 0.79 
0.57 4532 0.90 
0.40 4541 1.15 
1.15 4543 1.15 
3.12 4553 2.50 
0.25 4555 0.40 
0.97 4556 0.47 
0,37 4585 1.05 
0.45 . 
0.60 CRYSTALS 
0.53 4MHz 1.80 
0.39 
0.38 DILSOCKETS 
0.38 PINS 
0.38 8 0.01 
0.79 14 0.08 
0.79 16 0.09 
0.50 18 0.14 
0.97 20 0.16 
0.73 22 0.18 
0.56 24 0.20 
0.29 28 0.24 
0.68 40 0.32 
0.61 

QUANTITY DISCOUNTS AVAILABLE 
All prices exclude post and packinq on 
orders under f10 (SOp) and VAT ( 15°o). 
ALL ORDERS DESPATCHED ON DAY OF 
RECEIPT WITH FULL REFUND FOR OUT 
OF STOCK ITEMS IF REQUESTED 
24-hour Telephone Credit Card Orders 
TELEPHONE (0284) 701321 

CREQ[I_CARD ORDERS WELCOME 
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The EP4000 is not just an EPROM Programmer . • • 
Not only does the 
EP4000 copy, store, 
program and duplicate 
the 2704/2708/2716(3) 
/2508/275 8/2716/2516/25 32 
and 2732 EPROMs 
without personality 
cards or modules, but 
also includes a video 
output for memory map 
display to make the 
powerful editing 
facilities really useful 
(and this is in addition to 
the in-built LED display 
for stand-alone use), but 
it also comes as standard 
with comprehensive 
input/output - RS232, 20mA loop, TTL, , 
parallel handshake, cassette, printer and direc~ · 
memory access. Now the programming power 
can be expanded with our range of add-on 
accessories listed below . 

Made in 
the U.K. 

. . . but also a Real Time . EPROM Emulato·r . • • 
Real lime EPROM Emulation is the second ' 
major function of the EP4000. This- facility 
allows the machine to directly replace your in
circuit EPRO Ms during the process of program 
development - the EP4000 can be configured 
to look like any EPROM it is capable of 
programming. The press of a button isolates 

the external system so that data changes, 
·-·- _ entries, editing and downloading can be 

implemented. When the program is complete 
and working, the simulator cable can be 
replaced by an EPROM programmed by the 
EP4000. 

... with real technical b8ck-up and service. 
The EP4000 comes with a technical manual t 

describing every aspect of the machine - its I i 
purpose, its use, and how to use it. It also has a: 
section describing the whole process of ' 
program development. · . 
And if you ever need technical help or advice, ' 1 

you can now dial direct to our technical 
department for instant attention - Tel. (0803) 
863380. 
Finally, a full range of accessories in now 
available- these include Bipolar programming 

modules, multi-EPROM simulator adaptors, 
buffer pods, EPROM Erasers, video monitors, 
2764/2564 programming satellite, printer and 
production programmers. The EP4000 is ex
stock. Price - £545 + VAT ( +£12 for 
DAT APOST delivery). Telephone, telex, write 
or call for full data and Distributor list, or place 
your order for immediate despatch - Overseas 
customers, please telex or write for quotation 
and tenus. Agents in some countries, and 
distributors in Britain required. 

G .P. Industrial Electronics Ltd. 
Unit 6, Totnes Industrial E:state Totnes, Devon TQ9 SXL 

l. 

Tel. Sales (0803) 863360. Technical (0803) 863380 
Telex: 42;596 GPELEC . 

WW -057 FOR FURTHER DETAILS 
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' . 

Cutcostsancl ~· 
II'OIIble sllooting i 

AFIT 1500 Automatic Fault Isolation Tester 
A low cost complete PCB tester designed for quality 
control or service/repair work. Its powerful self
contained microprocessor provides rapid in-circuit fault 
isolation on complex digital PCBs. ' 

MTL's comprehensive Programming Service J [ 

will provide all the expertise required. 98% confidence 
level recorded in service applications. 
Solves 'wired or' problems. 

i 

MTL Microtesting Limited "'~IL 
1-15 Butts Road, Alton, Ham.pshire · . 
Telephone: Alton (0420) 88022 i 

WW - 019 FOR FURTHER DETAILS 
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IOIIima&!J . tya ~decll ~ 
XIX INTERNATIONALIMPGE.SOUND AND ELECTRONICS SH: Marsh a II s 

TO SEE AND HEAR 

4 lARGE EXHIBITION PAlACES DEALING WITH 

m~2
Photo, 
Components, 

=.l T;;; Professional 
... Electronics. 

~ ~ 4 Hi-Fi,Soundanc)Vision, · 
.. , Recording, Musical 

I • Instruments and Spectacular 
~ ..... lighting systems. , 

5 Symposiums, Conventio~s, 
Meettngs, . 
Hi-Fi and Video 
demonstrations. 

BARCELONA (SPAIN) 28th SEPTEMBER- 4th OOOBER 1981 

...,.a,.,£... . INFORMATION: PLAZA DE ESPANA S/N 
~,,..., BARCELONA-4 (SPAIN) 

Feria de Barcelona TEL. 223 31 01 -TELEX 50458 FOIMB-E 
ISERIA. 

TRANSPORTISTA OFICIAL 

WE ARE BROAD LINE DISTRIBUTORS FOR 
SIEMENS & THOMSON CSF WITH FULL INDUSTRIAL 
FRANCHISES AND CONSUMER FRANCHISES FOR:-

MUL LARD, NAT IONAL AND TEXAS. 

WE ARE ESPECIALLY STRONG ON ITEMS LISTED 
AND INVITE YOUR ENQUIRIES. PLEASE SEND 

FOR STOCK LIST AND CLEARANCE LIST OF 
SEMICONDUCTORS. 

COME TO US FOR YOUR REQUIREMENTS OF:

SIEMENS CAPACITORS • SWITCHES & 
OPTO COMPONENTS. 

T.T. L. • C.M.O.S. • BAHCO TOOLS 
SINCLAI R TESTGEAR 

L EADER INSTRUMENTS 
PRESENSITISED LI GHT SENSITIVE 

PRINTED CIRCUIT BOARDS 
4 SIZES BOTH DOUBLE & SINGLE. 

A. MARSHALL (LONDON) LTD., 
KINGSGATE HOUSE, KINGSGATE PLACE, 

LONDON NW6 4TA. 
Industrial Sales: 01-328 1009 

Mail Order : 01-624 8582 24hr service 
Retail branches: London· Glasgow. Bristol 

ACOUSTIC & VIBRATION 
BRUEL & KJAER 
2203 Sound Level Meter 
2215 Soundmeter inc Octave Filter 
2218 Soundmeter inc LEO facility 
2305 Level Recorder 
4230 Sound Level Calibrator 
4424 Noise Dosemeter 
2603 Mic amplifier 2Hz-35KHz 
1014 BF Oscillator 20Hz-20KHz 

CASTLE ASSOCIATES 

450 
1095 
1525 
650 

95 
375 
200 
150 

CS181A Sound Level Meter & Calibrator 325 

CEL 
1 12 Environmental LEO Meter Batt op 450 
1441mproved version of 112 model 1050 

BRIDGES & V and I STANDARDS 
FLUKE 
341 DC Voltage Calib lOf'V to 1100V 1575 

GENERAL RESISTANCE 
DAS56 DC V and I Calib lf'V-10V 30mA 850 

HEWLETT PACKARD 
1100 

TF868A Universal LCR Bridge 250 
TF1245 0 Meter 1 KHz-300 MHz 350 
TF1313 Universal LCR Bridge 350 

WAYNE KERR 
B224 LCR Bridge0.1% 500 
B500 LCR Bridge 240 
B601 LCR Bridge RF Osc & Det nat inc 125 

COMMS & CABLE TEST 
EQUIPMENT 

CHASE 
35A Field Strength Meter 20-850 MHz 600 

DYMAR 
8801 S VHF Radio Telephone - Portable 295 
883 VHF Radio Telephone - Portable 285 
BC282 Batt Charger for 880/883 95 

HEWLETT PACKARD 
3556A psophometer 20Hz-20KHz 250 

MARCONI 
TF2333 Trans Test Set 30Hz-550KHz 600 

PYE 
PF2UB UHF Radio Telephone - Portable 125 

STC 
74216A Noise Generator CCIT 275 
74261A Psophometer CCIT 375 

TEKTRONIX 
1502 TDR Cable Tester CRT + Recorder 2950 

WANDEL & GOLTERMANN 
LDS2 200Hz-600KHz sender for gp Delay 2000 
LDEF2 Filters for DLM1 250 

COUNTERS & TIMERS 
FLUKE 
1g10 125 MHz 7 Digit Counter Timer 245 
1g11 250 MHz 7 Digit Counter Timer 298 
1912 520 MHz 7 Digit Counter Timer 375 

MAINS TEST EQUIPMENT TEKTRONIX 
COLE 466100 MHz 5mV 2 Tr 2T8 1350cm/f's 
T1 007 Volt/ Freq I Spike Monitor Rec 0/ P 110 1'91210 MHz2mV 2 Tr 1TB250cm/.ms 

DATALAB 7313 25 MHz 3 Slot M/ Frame split 5cm/fAS 

DL01g Mains Interface for DL905 300 POWER MEASUREMENT 
DRANETZ FLUKE 
606 3ch Volts-Av/Spike/Time/Printer 2625 8921A 10 Hz-20 MHz4! Digit & Analogue 

GAY TRMS dBm/V meter50l1-1200Q & 10Ml1 

LDM AC/DC/Spike/Time inc Printer 1250 HEWLETT PACKARD 
MISCELLANEgus 8481 A Type N Coax sensor for 435A 

478A Type N Coax sensor for432A AVO 
MARCONI RM215 AC/DC Breakdown/Leakage Tester 475 

CO MARK TF2512 DC -500 MHz Powermeter 
TF893A 10Hz-20KHz Powermeter 

1601 BLS Thermom lOch 87 + 1000°C type K 75 
N. B. Thermocouples not included POWER SUPPLIES etc 
DATA LAB ADVANCE 
DLg05 Digital Transient Recorder 1150 1V5S lnverter24V DCto240VAC500W 

TEKTRONIX FARNELL 
1485C TV Waveform Monitor PAL/NTSC 2300 L30B 0-30V variable 1A Metered 

NETWORK ANALYSERSI FLUKE 
PHASE METERS 415B 0-3.1 KV variable 30mA Metered 

GENERAL RADIO ITT 
1710/11/12/14 0.4-500 MHz 115d8 range 2200 Powerlab Duai15Vvariable 1A 

TEKTRONIX 465B 100 MHZ OSCILLOSCOPE 

Sensitivity SmV-SV/DIV Dual Trace & 3rd channel trigger 
view Dual/Del Timebase. 

Supplied with pouch, probes and front cover 
£1450 

PHILIPS PM 5326 
R.F. SIGNAL GENERATOR 

1000 KHz-125 MHZ- Digita l freq 
Readout & built in 5 digit 1 MHz 

Frequency counter In! & Ext AM/FM 
Built in sweep with variable and 

fixed markers. Continuous and switched 
output attenuator. 

£675 

OSCILLOSCOPES Et 
ACCESSORIES 
GOULD ADVANCE 
OS1000A 20 MHz 5mV 2 Trace TV trig 
OS33008 50 MHz 1mV 2 Trace 2T base 

HEWLETT PACKARD 
1740A 100MHz5mV2Trace2T base 
Trig View 
1804A 50 MHz 20mV 4 Trace Plug-in 
1825A Dual Timebase Plug -in 
1805A 100 MHz 5mV 2 Trace Plug-in 

PHILIPS 
PM3211 15 MHz 2mV 2 Trace TV trig 

200 
675 

1300 
625 
500 
625 

390 

FLUKE8020A 
HANDHELD DIGITAL MULTI METER 

3; digit (2000FSO) L.C.D readout 
Voltage lOO~V to 1000 voc or 750 VAC 

· · Current 1" to 2A AC and DC. 
OHMS 0 . 1~! to 20M~! 

Conductance range measures to 10,000MU 
Supplied wltn leads & soft carry case 

£99 

MARCONI 
TF2154/1 0-30V variable Metered 

VALRADIO 
B12/200S Inverter 12V DC to 
230VAC200W 

PULSE GENERATORS 
ADVANCE 
PG57 10Hz-50 MHz 10V 5011 Vari RT 6ns 

EH RESEARCH 
13210 Hz-3.5 MHz 50V 50l1 RT 10ns2pulse 

MARCONI 
TF2025 0.2 Hz-25 MHz 10V 500 RT 7ns 2 
pulse 

( 

2750 
590 

2100 

885 

200 
90 

145 
135 

300 

65 

550 

80 

75 

110 

190 

120 

350 
1912A01 As 1912A but inc. re-charging 
batteries 430 

PM3212 25 MHz 2mV 2 Trace TV trig 550 RECORDERS & ACCESSORIES 
PM3214 25 MHz 2mV 2 Trace 2T base 640 

1920A 520 MHz 9 Digit Counter inc. 8rst. 
mode 575 
1920A 14 1250 MHz otherwise as 1g20A 750 

HEWLETT PACKARD 
5300A 6 Digit Display Unit- P /in reqd . 99 
5302A 50 MHz Counter Timer for'5300 80 
5305B 1300 MHz Counter for 5300 325 
5308A 75 MHz Counter Timer for 5300B 112 
5345 500 M Hz 11 digit Counter Timer 1350 
1 0590A Adapter 5245 to 5345 PI ug ins 225 

RACAL 
9024 600 MHz 7'h digit Counter Timer 250 
90251 GHz 8 digit Counter Timer 500 

SYSTRON DONNER 
6053 3 GHz 9 digit Counter BCD 0/P 790 
605418 GHz 11 digit Counter BCD 0 / P 1950 
51038 Strip Printer for6053/6054 375 

DIGITAL TESTING EQUIPMENT 
HEWLETT PACKARD 
1600S Logic Ana lyser 32ch 20 MHz 
1600A Logic Analyser 16ch 20 MHz 
1607 Logic Analyser 16ch 20 MHz 
5011T Logic troubleshooting kit 

TEKTRONIX 

3700 
2300 
1500 

125 

BRUNO WOELKE 
PM3233 10M Hz 2mV 2 Beam Ch sig delay 425 

ME102B1Wow and Flutter meter 
PM3244 50 MHz 5mV 4 Trace 2T base 1675 

BRYANS SOUTHERN PM3262 100 MHz 5mV 2 Trace 2T base 
TrView 1300 8S314 Chart 10" 4 Pen 16speed 

TEKTRONIX BS316 Chart 10" 6 Pen 16speed 

453 50 MHz 5mV 2 Trace 2T Base 500 HEWLETT PACKARD 
465100 MHz 5mV 2 Trace 2T base 850 7015A XY 1 pen A4 size 

475 200 MHz 2mV 2 Trace 2T base 1600 7046A XY 2 pen A3 size 

485 350 MHz 5mV 2 Trace 2T base 2100 KUDEUSKI 
7603 100 MHz CRT r/out 3 slat M/Frame 1350 NAGRA 4.2LSP Tape Re_corder Portable 
7704 200 MHz CRT r /out 4 slot M/Frame 1450 MEDELEC 
7A12 105 MHz 5mV 2 Trace Plug-in 390 M/scope Combined 4 ch scope+ UV rec'dr 
7A22 1 MHz 10f'V Differential Plug-in 630 

PHILIPS 7A26 200 MHz 5mV 2 Trace Plug-in 690 
7853A 2 Timebase Plug-in 100 MHz Trig 550 PM8251 Chart 10" 1 pen 12speed 

P6013A X1000 12KV Probe 95 SELABS 
P6201 FET Probe DC-goo MHz 300 6150/51 UVchart6" 12ch 12spd + 

TELEOUIPMENT 6ch amp 

D34 15 MHz 2mV 2 Trace Mains + int batts 540 994 6 ch galva preamp + DC bridge supply 

D83 50 MHz 5mV 2 Trace 2T base Large crt 725 6008 UV chart 8" 25 ch 16 speed 

TEXSCAN SMITHS 
DU 120 Large crt display unit 220 R E541 Chart 8" 1 pen 8 speed 

Note: we hold a range of cameras P.O.A. RE501/4701 Cht4" + XY 1ch 10spd 
AC Batt 

OSCILLOSCOPES (STORAGE) SOLARTRON 
7D01F Logic Analyser 16ch 50 MHz P/ in 2650 HEWLETT PACKARD 3240 Modular Data Logger system 
832 Datacomm Test V24/RS232 t I loop 1150 1703A 35 MHz 10mV 2 Tr 2TB 1000 Div/ms 1400 Note: UV recorders are priced less galvos 

75 

1950 
2500 

700 
995 

1400 

1900 

375 

995 
450 
960 

250 

200 

P.O.A. 

SIGNAL ANALYSIS 
EQUIPMENT 

MARCONI 
TF2300A Mod Meter 1 MHz-1 GHz AM/FM 
TF2330 Wave Analyser 20Hz-50 KHz · 
TF2331 Distortion Meter 8W100 KHz + Det. 
Note: see also "Spectrum Analysers" 

SIGNAUFUNCTIONI + SWEEP 
GENERATORS 

ADVANCE 
SG63DGenerator4-230MHzAM/FM 200 

GENERAL RADIO 
1362 Generator 220-920 MHz 375 

GOULD ADVANCE 
SG70 Generator 5Hz-125KHz 600fl/4W 85 

HEWLETT PACKARD 
8640B Generator 500 KHz-512 MHz 
AM/I'M 3800 
8690B Sweeper mainframe 650 
8620B Sweeper mainframe 990 
6188 Generator3.8-7 .5GHz 975 
612 Generator450-1230 MHz 750 
614 Generator0 .8-2. 1 GHz 825 

MARCONI 
TF144H/4S Generator 10 KHz-72 MHz AM 550 
TF8010 Generator 10 MHz-470 MHz AM 180 
TF2171 Synchroniser for TF2015 525 
TF2012 Generator 400 -520 MHz FM 550 

PHILIPS 
PM5127 Function 0.1 Hz-1 MHz Sin 
Sq Tri Rmp 450 
PM512g Func 1 mHz-1 MHz Usual 
+ swp/brst 645 
PM5326X Gen as 5326 inc 100 MHz Counter 799 

RACAL 
9081 Gen 0 Lock 5-520 MHz AM/FM/0M 1900 

TEXSCAN 
g900 Sweeper 10-300 MHz 6/in CRT disp 525 
VS60 Sweeper 5-1 000 M Hz 890 
TV Markers31 .5 32.5 35 39.5 41 .5 MHz 175 
LN40A Log Amplifier 95 

WAVETEK 
2001 Sweeper 1-1400 MHz X tal markers 1450 

SPECTRUM ANALYSERS 
HEWLETT PACKARD 
141T /B552B/8555A Complete .01-18 GHz 5800 
8445A Pre-selector0.01-18 GHz 1450 
3580A 5Hz-50 KHz with digi store disp 2400 

VOLTIMULTI-METER 
(ANALOGUE) 

AVO 
8Mk4AC/DC/ - VI+l1 70 

BOONTON 
g2c AC/RF 10 KHz -1.2 GHZ y,mV-3V 350 

HEWLETT PACKARD 
427AAC/DC/QAC-1 MHz 195 
3400A TRMS 10 Hz-10MHz 1mV-300V 
DCO/P 390 

MARCONI 
TF2603 50 KHz-1.5 GHz 300f'V-3V 300 
TF2604 20 Hz-1 .5 GHz 300mV-300V 425 

PHILIPS 
PM2454B 10 Hz-12 MHz 1mV-300V DC 0/P 250 

RACAL 
9301 RMS 10 KHz-1.5 GHz 100f'V-300V 550 

VOLTIMULTI-METER (DIGITAL) 
ADVANCE 
D-MM7A 1999FSD AC/DC/V/1/Q 11.5 

BOONTON 
92AD 1999FSD 10 KHz-1.2 GHz 10fAV res 525 

FLUKE 
8010A2000 FSD TRMS AC/DC/VIl1 140 
8010A01 As8010A + re-charging batteries 159 
8022A 2000 FSD Handheld AC/ DC/VIf! 75 

HEWLETT PACKARD 
3490A 100000FSD AC/DC/V/l1 625 

SOLARTRON 
A200 19999FSD DC only 1~V -1 KV ·85 
A203 19999FSD AC/DC/V If! 175 
A2051ggs9FSD TRMS AC/DCJV /l1 195 

Carston 
Electronics Ltd 
01-267 531.1 
Shirley House, 27 Camden Road, 
London NW19NR. Telex: 23920. 

Full details and specification of equipment listed, available. Because of long copy dotes this lis.t is not c~mprehensive -.ring for inventory 
update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fndays). Pr1ces exclude delivery and VAT. 
We take ACCeSS or Barclaycord. WW- 013 FOR FURTHER DETAILS ....... 
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METER PROBLEMS? 

1 3 7 Standard Ranges in a var1ety of 
s1zes and stylmgs available for 1 0-14 
days delivery. Other Ranges and 
special scales can be made to order 

WIRELESS WORLD JULY 1981 

'METALFILM RESISTORS 
1% Tolerance, Y4 Wa~ 

1 OOR 1 k 10k 
110R 1 k1 11k 
120R 1 k2 12i< 
130R 1 k3 13k 
1 50R 1 k5 . 1 Sk 
160R -1 k6 16k 
180R 1 k8 18k. 
200R 2k 20k . 

·220R 2k2 22k 
' 240R. 2k4' 24k 
270R 2k7 27k 

'}OQR 3k 30k 
330R 3k3 33k 
360R 3k6 .36k ' 
390R 3k9 39k 
430R 4k3 43k 
470R 4k7 47k 
510R 5k1 51k 
560R 5k6 56k 
620R 6k2 62k 
680R 6k8 68k 
750R 7k5 75k 

100k 
110k 
120k 
130k 
150k 
160k 
180k 
200k 
220k 
240k 
270k 

330k 

470k 

560k 

680k 

820R 8k2 82k 820k ·0· · NLY Jp. EACH _9.!..Q~ 9k1 91k 1M 
,Special Offer: 5PCS of. EACH (445-RES)s-· 

Min1mum order £10 TORS) ONLY£11.50. · 
Minim89umv 51 pcs(Ep2e4rvalue High Quality High Stability, Huge 

a ues ) Strength. 
VAT inclusive. Add £1.00 p&p all areas. 

ORION SCIENTIFIC PRODUCTS L TO. 
1 0 Wardour St., London W 1 

WW- 041FORFURTHERDETAILS 

ONLY £48.50 Postfree,incVAT ~®~ 

~®~1f 
C£[pW~®~ 

cs~~~cm~cs 
Full Information from: 

0 HOLDS UP TO SIX EPROMS 
0 SAFETY INTERLOCKED 

TRAY 
Send cheque or official order for prompt 
delivery. Telephone orders will be 
dispatched C.O.D. at no extra charge. 

HARRIS ELECTRONICS (London) 0 FAST ERASE TIME 
0 QUALITY STEEL CASE Distributor enquiries welcome. 

138 GRAYS INN ROAD. W.C.1 Phone: 01/837/7937 
Telex: 892301 HARTRO G 

0 MONEY-BACK GUARANTEE 

NORTHERN ELECTRONICS 

WW- 033FORFURTHERDETAILS 51 Arundel Street, Mossl~y, Lanrashirc. Tel : f\1ossley {04575)4119 

WW -056 FOR FURTHER DETAILS 

Chokes, block filters, ceramic filters, resonators, IFTs, oscillator coils, audio filter blocks etc. 

LOW PASS Fll TEAS 

Now from 1OkHz to 20M Hz 
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 
7&10mm formats with 
up to 4 LC tuned ele
ments per block. Many 
stock types available: 

HELICAL Fll TERS 
for VHF and UHF: 

2 & 3 elements available 
Featuring low insertion losses, 

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

llill!l1!1fti.l!. 
~ - I ~ 

1 

I 
I I 

VIDEO FRAME STORES 

* !125/625 OperatiOn r-: .. ,:"'P~' ;;:, __ :,_,:----------* 512 pixell/line 
* local or remote control • I · 
* Top/bottom & L/R reverse - ::"*~-=-"""'-- - -11111 ... ~---- -

* Models available with digitized 1/0 -- ---~~~~-·· 

Audw buzzers now 
down to 1kHz - low 

\ ~ cost 400-600kHz 
!--- crystal replacements I 

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 VFMlOD with 8" 
disk drive) with much better 
resolution than available from VTR 

AmBIT international TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 

200 north SeruiEe Road, Brentwood, EsseH 
WW - 011 FOR FURTHER DETAILS 
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NewLine of 
Wave Solderable 
Heat Sinks 

Thermalloy International offers 35 different styles of wave 
solderable heat sinks for T0-3 and plastic packages. Styles 
include board mounted stampings and ,flat sided extrusions. 

Solderable Stud TM Heat Sinks allow the heat sink/device to 
be preassembled and treated as a single component on your 
production line. It is dropped into plated-thru holes in the P.C. 
Board and wave soldered with other components. Eliminates 
hand soldering and extra inspections to reduce your produc
tion steps by 50% . All work can now be done from one side 
of the board, and less mounting hardware is required. 

For product samples and full technical literature 
contact MCP Electronics. 

MCP Electronics Ltd., IEil Thermalloy International 
38 Rosemont Road, Alperton, Wembley, Middlesex. 
Telephone 01-902 5941. Telex: 923455. Advanced technology in semiconductoraccessories. 

WW - 026 FOR FURTHER DETAILS 

TBA120S 1.00 SL1610P 1.60 0.95 4566 1.59 
7448 74125 0.40 74190 0.60 18p 

L200 1.95 SL 161 1P 1.60 4063 1.15 7450 74126 0.40 74191 0:60 18p 

U237B ~.28 SL 1612P 1.60 4001 0.13 4066 0.38 4568 2.18 7451 0.14 74128 0.65 74192 0.68 7400 0.20 22p 
U247B 1.28 SL 1613P 1.89 4002 0.14 4067 4.30 4569 1.95 7453 0.14 74132 0.50 74193 0.68 7402 0.20 18p 
U257B 1.28 SL 1620P 2.17 4007 0.19 4068 0.'18 4572 0.30 7454 0.14 74136 0.65 74194 0.42 7404 0.20 18p 
U267B 1.28 SL 1621 P 2.17 4008 0.70 4069 0.18 4582 0.99 7460 0.14 74141 0.45 74195 0.42 7408 0.20 21p 
LM301 H 0.67 SL 1623P 2.44 4009 0.30 4070 0.25 4584 0.49 7470 0.28 74142 1.85 74196 0.65 7410 0.20 21p 

LM301 N 0.30 SL624C 3.28 4010 0.30 4071 0.22 4585 1.00 7472 0.27 74143 2.50 74197 0.65 7414 0.55 49p 

LM308TC 0.65 SL 1625P 2.17 4011 0.24 4072 0.22 4702 4.50 7473 0.28 74144 2.50 74198 3.45 7420 0.20 18p 

LM324 0.64 SL 1626P 2.44 4011 0.15 4073 0.22 4703 4.48 7474 0.28 74145 0.75 74199 74202 3.45 7430 0.20 66p 

LM339N 0.66 SL 1630P 1.62 4012 0.20 4075 0.1 8 4704 4.24 7475 0.35 74147 1.50 74221 74221 0.60 7432 0.20 BF679S 55p 

LM348N 1.86 SL 1640P . 1.89 4013 0.35 4076 0.60 4705 4.24 7476 0.30 74148 1.09 74246 74240 0.99 7442 0.80 BFR91 1.33 
LF351 N 0.49 SL1641P 1.89 4015 0.70 4077 0.23 4706 4.50 7480 0.26 74150 0.79 74247 74241 0.99 7448 1.03 BFW92 GOp 

LF353N . 0.76 TDA2002 1.25 4016 0.30 4078 0.25 4720 4.00 7481 0.20 74151 0.55 74248 74242 1.65 7473 0.50 BFT95 99p 

LM374N 3.75 ULN2242A 3.05 SAA1058 4017 0.65 4082 0.25 4723 0.95 7482 0.75 74153 0.55 74249 74243 1.65 7474 0.50 BFY90 90p 

LM380N-14 1.00 ULN2283B 1.00 SAA1059 3.35 4019 0.38 4093 0.45 4724 0.95 7483 0.60 74154 0.55 74251 74244 0.83 7476 0.48 40238 85p 

LM380N·8 1.00 CA3080E 0.70 11C90DC 14.00 4020 0.68 4099 0.99 4725 2.24 7485 0.75 74155 0.55 74265 74245 1.50 7483 0.98 BF256 38p 
LM381N 1.81 CA3089E 1.84 LN1232 19.00 4021 0.75 4175 1.15 40014 0.54 7486 0.24 74156 0.55 74273 74247 1.35 7485 0.98 2SK55 . 28p 
ZN419CE 1.98 CA3090AO 3.35 LN1242 19.00 4022 0.68 4502 0.90 40085 0.99 7489 1.05 74157 0.55 74278 74248 1.35 7486 0.26 2SK168 35p 
NE544N 1.80 CA3123E 1.40 MSL2318 3.84 4023 0.19 4503 0.55 (0098 0.54 7490 0.30 74159 1.90 74279 74249 1.35 7489 2.68 J310 69p 
NE555N 0.30 CA3130E 0.80 MSM5523 11.30 4024 0.45 4506 0.75 40106 0.54 7491 0.55 74160 0.55 74283 74251 0.46 7490 0.80 J176 65p 
NE556 0.50 CA3130T 0.90 MSM5524 11.30 4025 0.18 4507 0.45 40160 0.69 7492 0.35 74161 0.55 74284 74253 0.46 7493 0.80 40823 65p 
NE560N 3.50 CA3140E 0.46 MSM5525 7.85 4026 1.05 4508 1.99 40161 0.69 7493 0.35 74162 0.55 47285 74257 0.55 7495 0.94 40673 3SK51 
NE562N 4.05 CA3189E 2.20 MSM5526 7.85 4028 0.60 4510 0.70 40162 0.69 7494 0.70 74163 0.55 74290 74258 0.39 74107 0.48 3SK45 49p 
NE564N 4.29 CA3240 1.27 MSM5527 9.75 4029 0.75 4511 0.85 40163 0.69 7495 0.60 74164 0.55 74293 74259 0.39 74151 1.52 3SK51 54p 
NE565N 1.00 MC3357P 2.85 MSM55271 9.75 4030 0.35 4512 0.70 40174 0.69 7496 0.45 74165 0.55 74297 74260 0.70 74154 2.26 3SK60 58p 
NE566N 1.60 LM3900N 0.60 MSL2312· 3.94 4035 0.75 4514 2.20 40175 0.69 7497 1.40 74166 0.70 74298 747flll 0.24 7415/ 1.52 3SK88 1.24 40192 0.75 
NE570N 3.85 LM3909N 0.68 SP8629 3.85 4040 0.68 4515 2.50 40193 0.75 

74100 1.10 74167 1.25 74365 74273 0.90 74160 0.80 MEM680 75p 
SL624 3.28 LM3914N 2.80 SP8647 6.00 4042 0.65 4516 0.75 74104 0.62 74170 1.25 74366 74275 3.20 74161 0.80 BF961 70p 
TBA651 1.81 LM3915N 2.80 95H90PC 7.80 4043 0.68 4518 0.75 40194 0.69 74105 0.62 74173 1.10 74367 74279 0.35 74162 0.80 

40195 0.69 BC237 8p 
uA709HC 0.64 KB4400 0.80 HD10551 2.45 4043 0.93 4520 0.80 74107 0.26 74174 0.75 74368 74280 2.50 74163 0.80 BC238 8p 
uA709PC 0.46 KB4406 0.60 HD44015 4.45 4044 0.68 4521 2.36 74109 0.35 74175 0.75 74390 74283 0.44 74164 0.80 BC239 8p 
uA710HC 0.65 KB4412 1.95 HD12009 6.00 4946 0.69 4522 1.49 74110 0.54 74176 0.75 74393 74290 0.58 74165 0.84 BC307 8p 
uA710PC 0.59 KB4413 1.95 HD44752 8.00 4047 0.69 4527 0.95 74111 0.68 74177 0.75 74490 74293 1.30 74173 0.72 BC308 8p 
uA741CH 0.66 KB4417 1.80 MC145151 12.45 4049 0.30 4528 0.95 74112 1.70 74178 0.90 74295 1.50 74174 0.72 BC309 8p 
uA741CN 0.27 KB4420B' 1.09 MC145156 8.75 4050 0.30 4529 1.40 74166 1.98 74179 1.35 74298 1.50 74175 0.72 BC413 10p 
uA747CN 0.70 TDA4420 2.65 4051 0.65 4539 1.10 74118 0.85 74180 0.75 74365 .0.35 74192 0.80 BC414 11p 
uA748CN 0.36 KB4423 2.30 4052 0.69 4549 3.50 74119 1.20 74181 1.22 74366 0.35 74193 0.80 BC415 lOp 
uA753 2.44 KB4424 1.65 4053 0.69 4554 1.73 74120 0.95 74182 0.70 74367 0.35 74195 0.80 BC416 11p 
uA758 2.35 KB4431 1.95 4054 1.30 74121 0.35 74184 1.20 74368 0.35 74200 4.52 BC546 12p 
TBA820M 0.78 KB4432 1.95 4055 1.30 74122 0.34 1.20 74373 0.78 74221 1.06 BC556 12p 
TCA940E 1.80 KB4433 1.52 4056 1.35 0.40 74374 0.78 74901 0.38 12p 
TDA1028 2.11 KB4436 2.53 74375 1.15 74902 0.38 12p 
TDA1029 2.11 KB4437 1.75 74377 1.99 74903 0.38 22p 
TDA1054 1.45 KB4438 2.22 10.245 74378 1.40 22p 
TDA1062 1.95 KB4441 1.35 10.6985 AM T 74379 2.15 18p 
TDA1072 2.69 KB4445 1.29 10.700 FM RX: 74384 2.50 14p 
TDA1074A 5.04 KB4446 2.75 10.7015 3rd ot/30pF 74385 4.20 30p 
TDA1083 1.95 KB4448 1.65 11 .00 HC25U 1.65 74386 0.29 30p 
TDA1090 3.05 NE5044N 2.26 11.115 FMTX: Fund 74390 0.68 40p 
HA1137 1.20 NE5532N 1.85 11.520 20pF HC25U 74393 0.61 40p 
HA1196 2.00 SD6000 3.75 8.9985 ~ freq 1.85 74395 2.10 45p 
HA1197 1.00 SL6270 2.03 9.0015 PAIRS ... AM 3.10 74396 1.99 45p 
TDA1220 1.40 SL6310 2.03 21.000 PAIRS ... FM 3.25 74398 2.75 19p 
LM1303 0.99 SL6600 3.75 24.000 

CHANNELLING: 74399 2.30 200 
LM1307 1.55 SL6640 2.75 5.000 25.000 74445 1.40 2.34 
MC1310P 1.90 SL6440 POA 6.5536 26.000 27MHz. 50kHz 74447 1.95 2.34 
MC1330 1.20 SL6690 3.20 7.000 18.000 2.50 35MHz : 20kHz 74490 1.10 3.10 
MC1350 1.20 SL6700 2.35 7.68 XTAL FILTERS 74668 1.05 3.10 
HA1370 1.90 ICL8038CC 4.50 8.000 : 10.7Mhz, 15Khz BW. 74669 1.05 4.25 
HA1388 2.75 MSL9362 1. 9.000 14.50 74670 1.70 4.25 
TDA1490 1.86 MSL9363 1. 10.000 · 10.7Mhz, 2.4Khz 81'11, 3.55 
MC1496P 1.25 HA11211 1 10.240 17.20 

AmBIT_ internatiana 
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Voltstab~ 
The simple 

answer to !OUr 
current prolilem. 

If you are experiencing random faults and failures in your 
microprocessor-based equipment, they are probably caused 
by voltage irregularities. Even dedicated supplies may not be 
the answer· they will still suffer from momentary voltage 
transi~nts and power supply breaks. 

Galatrek have the simple answer. A plug-in VOLTSTAB 
Constant Voltage Transformer. Reliable, efficient and 
economical, the Galatrek VOLTSTAB offers you: 
e Output stabilisation to± 1% from mains input fluctuations 

of± 20% 
e Transient attentuation 
e Momentary power back-up 
Available ex-stock from regional ·stockists in a choice of power 
ratings from 250VA to 5kVA, the Galatrek VOLTSTAB will 
keep your sensitive electronic equipment running smoothly. 
Both the factory and the regional stockists throughout the UK 
will assist you technically to ensure you match the VOLTSTAB 
unit exactly to your requirements. 
Mr R Koffler, Galatrek International, Scotland Street, Llanrwst, 
nr Colwyn Bay, Gwynedd LL26 OAL, North Wales, Great Britain. 
Tel No: 0492-640311/641298 Night Service: 0492-30592 
Telex:617114A/BGalahu · 

cb:~i~iii~~{i'"'""''~ i 
~se send me the 18 page Galatrek VOL TSTAB 1 
I 

catalogue, which includes details of your Mains Filters 
and Standby Power Supplies. I · 

I Name: I 
I 

Position: · 
. Company: I 
I· Address: 1 _______ ·_TeiNo: 

\ Trade 0 OEM 0 (please tick where appropriate) ww J "---------.., 
WW - 021 FOR FURTHER DETAILS 

WHO'S 
:;;.,._.._ ___ OOKING •••• 

FOR 
IIULTI·LED 

ARRAYS 

OUR 
OFF THE SHELF RANGE 

OFFERS 

.... any combination and sequence of 
Red(GaP), ,Green(GaP) or Yellow 
(GaAsP/GaP) colours incorporated in one 
array, 
... .fully end-stackable, 2, 3, 4 or 5 

segment options thereby. enabling displays 
encompassing any number of segments to 
be created, 
.... black bezels as standard with white 

bezels to special order, 
. ... push-fit mounting into correctly 

dimensioned panel cut-out, 
.... wide operating temperature range of 

-40° C to +80° C. · 

·So if you are into 
TREND INDICATORS 

BAR GRAPHS 
or 

EVENT DISPLAYS 
Look at our 

AfULTI·LED ARRAYS 
Our prices won't make your eyes water 

Zaerix Electronics Limited 
46 Westbourne Grove, London W2 5SF, England 

Tel: 01-221 3642 Telex: 261306 
WW- 014FORFURTHERDETAILS 
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For personal service visit one of our stores. 
·Our new store at Hammersmith is conveniently situated near the end 

of the M4 and the North and South Circular Roads. 
There is excellent street parking on meters a few steps away and 
· Hammersmith Undergroun·d Station is nearby. Call in and see us soon . 

•••• 
• • m our e 

ie CATALOGUE e 
! • 320 big pages packed with • 
·~ data and pictures of 

over 5,500 items • 

• • •••• 
Over 100,000 copies sold already! 
Don't miss out on your copy. 
On sale now in all branches 
WH Smith 'fp price £1. 
In case of difficulty check the coupon below. 

lilake it easy ••• .- - -. -• ~ ~~ • w•th mapun 
• ~a~'\''- '-~a'~e ~\~~ • 
• · "'~-oi'{\~'0 ~\~~ o.,..S'~ec • 

r ~1..~~ · \\\ ,~ 
• o{\\'1 '0~,{\~ • 

\0~ c 

• e e • Easy to build, :--• e superb specification. ~ 
Comparable with organs selling for~· 

up to £1,000. Full construction details 
in Electronics & Music Maker commencing 

March, 1981 issue. Back numbers available. 

l\l1fQIP&IIIfil ELECTRONIC SUPPUES LID. 

~:~Same day service on in-stock lines 
~:~Very large percentage of our stock lines in stock 
~:~All prices include VAT 
~:~Large range of all the most useful components 
~:~ First clas~ reply paid envelope with · every order 
~:~ Quality components-no rejects-no re-marks 
~:~ Competitive prices 
~:~ Your money is safe with a reputable company 

On price, service, stock, quality and security it makes 
sense now more than ever to make li\1-l.lli'b your 
first choice for components every time! 

r·······-----·-···• I Post this coupon now. 1 
Please send me a copy of your 320 page catalogue. I enclose £1.25 I I (incl. 25p p&p). If I am not completely satisfied I may return the 1 catalogue to you and have my money refunded. If you live outside the I I U.K. send £1.68 or 12 International Reply Coupons. 1 

I Name I 
I Address I 
I I 
I - I 
.. 

(WW7/81) I 
-----------------All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 554155 Sales: (0702) 552911 
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MODELK200 
The largest standard 
soldering iron in 
our range 
Power 200 Watts 
Bit size 11//' 

£19·55 
inc. VAT 
Postage 93p extra 

The TYPE 1 
The original 
MIGHTY MIDGET 
18 Watt 
soldering iron 
Fitted with 
No. 20 (3mm) bit 

£4·95 
inc. VAT 
Postage 28p extra 

Spare Bits 69p 
inc. VAT and postage 
Sizes available 
1.5mm (No. 19) 
3.0mm (No. 20) 
4.5mm (No. 21) 
6.0mm (No. 22) 

Special Bit 
No. 781.C. Desoldering Bit 
£1 .27 inc. VAT 
Postage 1 2p extra 

Universal 
SOLDERING 
IRON SAFETY 
STAND . 
Suitable for most 
soldering irons 
up to 50 watts 

MODEL K500TC MODEL H70 
A Temperature Our medium sized 

controlled version general purpose 
of the Model K200 soldering iron with 
Power 500 Watts interchangeable bits 

Bit size 1 %" 6mm Bit fitted £2S•3Q Power:OWatts 

inc. VAT £11 50 
Postage 93p extra inc. VAT 

Postage 66p extra 

. All our range of soldering irons 
are available in 1 00/110 volts and 

220/240 volts. The type 1 and 
model Dare also available in 
11/12 volts. (Please specify 

when ordering) 

I SOLDER 

WIRELESS WORLD JULY 1981 

MODELH150TC 
A temperature controlled 
version of the H70 
Power 1 50 Watts 

£17•36 
inc. VAT 
Postage 66p extra 
Spare bits. for H series 
£1.27 each inc. VAT 
Postage 1 Op extra 
Sizes available 
4.5mm 
6.0mm 
9.5mm 

11.0mm 

MODELD50 
The smallest 
temperature 

controlled soldering 
iron in our range with 
interchangeable bits 

Power 50 Watts 

£12·07 
inc. VAT 

Postage 28p extra 
Spare bits for model D 

52peach inc. VAT 
Postage 1 Op extra 

Sizes available 1.5mm 
3.0mm (fitted as standard) 

4.5mm 6.0mm 

Postage 
Savbit 22 S.W.G. 20ft. 70p 12p 

Savbit22S.W.G.10ft 40p 8p 
20 S.W.G. 1Oft 

BOp 12p 

WIRELESS WORLD JULY 1981 

Preci 
The Model 4401 Frequency Standard 
by Global Specialties: for precision 
and value, it's a source whose time 
has come. 

The heart of the 4401 Frequency 
Standard is a unique 1OM Hz precision 
temperature controlled crystal oveti 
oscilla1ior (TCXO). Boasting an accu
racy of ±0.5ppm (±0.00005%) 
from 0 to 4o~c. i,t offers exceptional 
long term stabihty-aging 1 ppm per 
year. And it's directly traceable to 
the National Bureau of Standards 
via factory calibration to WWVB. 

Two short-circuit protected 
50-ohm BNC outputs are capable of 
driving 10 TTL loads into matched 
500 lines, providing square waves 
from 0.1 Hz to 1OM Hz in 9 decade 
steps, with LED rndication of the 
decade in use. And a frequency 
multiplier switch ( 1 X, 2X, 5X) enables 
you to select fractional frequencies 
in each decade. 

Owr new 4401 Frequency Stand
ard sets a new value standard. 

Giving you an · exceptionally accu
rate, stable source for oscilloscope 
timebase calibration, frequency 
counter calibration, laboratory time
keeping and other high-precision 
timing applications ... so whatever 
your application, the Global 4401 
Frequency Standard is precisely 
£118. 

27 

GLOBAL SPECIALTIES CORPORATION ~--------------------, 1 - G.S .C. (UK) Ltd., Dept 7R., Unit 1, Shire Hill Industrial Estate, Saffron Walden, Essex CB11 3AQ 

1. FREQ STANDARD Unit price inc P&P 15% VAT £138.58 ~;:;:, I 55= 
G.S.C. (UK) Limited, Dept. 7R 
Unit 1, Shire Hill Industrial Estat2, 
Saffron Walden, Essex CB 11 3AO. 
Telephone: Saffron Walden (0799) 21682. 
Telex: 817477. 

I Name I 
1 

Address I 
1 enclose cheque/P.O. for£ or debit my Barclaycard/Access/ I I American Express card no . exp. date------
FOR IMMEDIATE ACTION- The G.S.C. 24 hour, 5 day a week service. I For Free D I I Telephone (0799) 21682 and give us your Barclaycard, Access, American catalogue . 

L 
Express number and your order wil l be in the post immediately. t1ck box . J ----'-----------------

WW - 045 FOR FURTHER DETAILS 
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wireless 
world 

Decline ~~the ,Phil~sophical spirit 
Ampere's Theorie mathematique des 
phenomenes electro-dynamiques ( 1826) 
is still worth reading. It is known as the 
principal founding source of 
electrodynamics, but other features are 
just as instructive. It begins with an 
extensive homage to 'Newtonian 
philosophy', and continues with a long 
mixture of physical theory, mathematical 
analyses and reports of experimental 
procedures. Ampere sought not merely 
methods of explaining and calculating 
effects; he wanted to find out how the 
phenomena actually occurred. Indeed, in 
the naive tradition sometimes followed at 
the time, he thought of his theory as a 
truth, 'uniquement deduite de 
1' experience', to complete the title of his 
book. 

Ampere is remembered now only for 
this work, but in fact it was a small part of 
his output. He was a polymath, whose 
activities were unified by his philosophical 
spirit. This spirit informed all his writings 
and came to its zenith in his Essai sur la 
philosophie des sciences (1834). But he was 
an outsider in philosophical thought, for 
the 1830s also saw the rise of positivism in 
the hands of some of his former students at 
the Ecole Polytechnique: Auguste Cointe, 
and engineer-scientists such as Dupin and 
Poncelet. Associated closely at that time 
with educational and social causes, 
positivism became one of the dominant 
philosophies of the 19th century and has 
maintained its influence, directly and 
indirectly, until today. Knowledge 
without metaphysics; rejection of abstract 
intellectual objects; even a lack of attention 
to the way in which mathematics is used in 
physics. It is a strange contrast to read 
Ampere's Essai, with its Kantian ' 
concern with phenomena and their causes, 
with man's knowledge and his cognitive 
power to know. 

It was through movements such as 
positivism that philosophy and science 
became separated. Positivism and its 
cousins (mechanism, materialism, 
instrumentalism, behaviourism, and so on) 
do not solve philosophical problems so 
much as ignore them. Yet scientists accept 

positivist tenets without much thought: 
facts are facts are facts; theories are useful 
only for predicting new facts; mathematics 
is just a fiction which in principle has 
nothing to do with physical reality; the aim 
of science is consensus (as a noted FRS 
~ontentedly put it on television recently); 
the history of science is bunk :__ and, 
above all, philosophising about science is 
time-wasting nonsense. At the same time 
philosophy itself has become an enclosed 
profession, largely concerned with footling 
'puzzles' in ordinary language; its 
practitioners rarely know anything beyond 
the writings of their professional 
colleagues. There are exceptional figures 
in the communities of both science and 
philosophy; but they stand out as such, 
often nervously. 

Meanwhile the real world seems to have 
remained the same as it was in Ampere's 
day, especially with regard to the 
phenomena studied in physics. Thus the 
objects ofscientific study remain basically 
unchanged, and so does the need for 
philosophical as well as technical skill. We 
now know far more about the technicalities 
of electricity and magnetism than did 
Ampere and his contemporaries; but we 

. no longer bring to our theoretical studies 
the sensitivity to philosophical questions 
which Ampere, and others of his time, 
could show. He and his contemporaries 
were not really scientists in the way that we 
understand the term; they often called 
themselves 'natural philosophers', 
enquirers into the nature around them and 
into the powers of man to think up theories 
about it. They may have fallen into 
optimistic naiveties such as the allegedly 
immediate deduction of theories from 
facts; but they did not succumb to our 
reflex dismissals of the non-experimental 
and our inattention to the place of 
mathe.matics in scientific knowledge. The 
imperatives which informed not only 
Ampere but also his contemporaries 
such as Faraday and Ohm, and successors 
like Kelvin and Maxwell, have faded; the 
traditions of natural philosophy have long 
been broken; reflection has given way to 
'research'. · 
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New 
h. f. 

development 
. coaxial cable 

WIRELESS WORLD JULY 1981 

• 1n 

Structure offe rs lower losses and improved power handling 
by S. G. Carter, M.Sc., Cable and Wireless and H. M. Barlow, F.R.S., University College, London 

Recently it has become possible to 
make a high-f requency cable which is 
a cross between t he conventional 
coaxial design and w aveguides, a 
type of structure that exhibits much 
lower losses than is usual when based 
on attenuation per unit of cross
sectional area. This cable transmits in 
the dipole mode, well known for its 
application in optical fibres, and 
consists of an outer screen, as in the 
ordinary coaxial cable, with a group of 
parallel wires forming a concentric 
cylindrical struct ure for the inner in 
place of the more usual solid metal 
wire or tube. 

At very low frequencies the guided trans
mission of telecommunication signals over 
long distances can be carried out by a 
single wire, using an earth return, or by 
pairs of parallel wires in space. However, 
as the frequency is increased the lack of 
electrical balance of the wires and the un
restricted spread of the field from them 
begins to present interference problems 
and a change has to be made to a screened 
transmission system. Up to the present, 
this has almost invariably taken the form 
of either TEM transmission in a coaxial 
cable or propagation in a hollow metal 
waveguide. Both of these arrangements 
have their own advantages and disadvan
tages but, as expected, sign::tl attenuation 
has always been a major factor influencing 
system design. Any reduction of attenua
tion can lead to lower transmitted powers, 
small cables, an improved system noise 
performance and increased repeater spac
ing, either separately or in combination, 
according to design . 

In the structure shown in Fig. 1, the 
currents set up the inner multi-wire 
structure are such as to provide for electric 

Continuous 
· metal screen 

Inner structure 
consisting of 
N parallel wires 

Fig. 1. Cross-sectional view of basic form of 
dipole-mode cable. 

field across a diameter as well as a circum
ferential field: thus the arrangement 
supports a wave in the dipole mode. As a 
rule, a large part of the transmitted power 
is located within the wire-grid structure 
while, outside the grid, the field decays 
rapidly. In these circumstances the outer 
metal tube functions primarily as a screen 
and normally only produces a small pertur
bation of the field, even when its radius is 
reduced to about double that of the inner 
wire grid. Consideration of the operating 
conditions show that the inner multi-wire 
structure at u.h.f. behaves very much like 
the optica~ fibre at infra-red frequencies, 
where transmission is in the same HE 11 
mode with the power largely confined to 
the core and a rapid decay of field in the 
cladding. Further, like the large core
diameter optical fibre, the dipole mode 
cable can in principle support many dif
ferent modes of propagation (as many as 
there are separate conductors) but, in 
practice, provision is made to ensure that 
only the lowest order dipole mode is car
ried. There is, however, one significant 
distinction between the behaviour of 
multi-conductor coaxial cable and optical 
fibre. Any attempt to screen a dielectric 
rod transmitting in the dipole mode in the 
u.h.f. region results in destruction of the 
field and inhibition of propagation in that 
mode. This is because the boundary condi
tions on the inside of the screen cannot be 
satisfied at such frequencies. The wire
grid coaxial cable suffers no such limi
tation. As with ordinary TEM transmis
sion in conventional coaxial cables (and 
unlike tubular metal waveguides), the di
pole-mode cable does not exhibit fre
quency cut-off and, in principle, can 
therefore be operated at any part of the 
spectrum down to d.c. However, it is in 
the high u.h .f. and s.h.f. regions that the 
losses are so much lower than those ob
tainable with current-day coaxial cables. 

Cable structure 
While Fig. 1 shows the basic structure of 
the dipole-mode cable, comprising a 
number of parallel wires to form a cylindri
cal grid, coaxial with an outer metal 
screen, it is of course necessary to support 
the inner conductors and separate them 
from the outer. Although regularly spaced 
disc insulators or beads may, when the 
cable is straight, keep the wires of the 
inner in position and also help to reduce 
the amount of dielectdc employed, the 

need for a flexible cable tends to demand a 
continuous dielectric tube to support the 
wires . So far two different types of cable 
structure have been developed experimen
tally and these are illustrated in Fig. 2. 
The polythene tube is extruded to include 
the group of parallel wires attached either 
to the outside or the inside of the tube and 
this inner structure is then, as a whole, 
located within the outer screen by one of 
the methods employed in the construction 
of ordinary low-loss coaxial cables; for 
example, a dielectric membrane helixed 
around the inner or, alternatively, a cart
wheel-type dielectric spacer. For experi
mental purposes the method chosen was to 
support the inner structure by thin p.t.f.e. 
discs with a hole in the centre through 
which the inner cable structure was in
serted. These supports were . spaced ap- · 
proximately every 8 em. 

The cable attenuation is dependent not 
only on the number of wires included in 
the inner structure but also on their diame
ter. In general, the loss decreases as the 
number of wires increases and as more of 
the circumference of the inner is covered 
by metal. However, capacitive circumfer
encial current is necessary for HE 11 mode 
propagation and consequently the wires 
must always be spaced far enough apart to 
maintain this dipole mode at an adequate 
power level. Clearly , there are practical 
problems in fabricating a cable with a large 
number of very thin wires or ·strips of 
metal and therefore the experimental work 
was limited to structures having not more 
than 16 wires. 

Cable terminations 
Instruments and components available to
day for measurements all employ conven
tional, coaxial connectors and cables, so 
that the introduction of this new form of 
multi-conductor, dipole-mode cable re
quires special arrangements. Not only is a 
connector required to maintain the conti
nuity of the multi-wire system, but 
transducers are necessary to convert the 
TEM waves of the supply to dipole-mode 
configuration prior to launching the wave 
on the cable. This operation has to be 
carried out with minimum loss and over as 
wide a band offrequencies as possible . 

One method of launching into a dipole 
mode cable is to take the output from a 
conventional coaxial supply and, using a 
power divider, split it into as many parts as 
there are separate wires in the inner 

WIRELESS WORLD JULY 1981 

structure of the dipole-mode cable. At the 
same time the amplitude and phase of each 
input is adjusted so that when superim
posed they comprise the required dipole 
mode field distribution. This has been 
tried experimentally but it was found to be 
difficult to establish and maintain the 
precise amplitudes and phases required. 

A more practical method of launching 
the required dipole mode from a TEM 
source is to use either electric or magnetic 
coupling into the multi-conductor cable. 
In general, transverse electric field coupl
ing as shQwn in Fig. 3 gives more effective 
transfer of power but this tends to be at the 
expense of bandwidth when • compared 
with the corresponding magnetic coupling 
shown in Fig. 4. In the electric field 
coupler (Fig. 3) a transverse wire fed from 
the coaxial input is located at approxi
mately a quarter of the signal wavelength 
from a short -circuit termination formed by 
connecting together all the inner wires and 
the outer screen. Matching from the char-

Inner structure 
dielectric support tube 

acteristic impedance of the coaxial feed to 
the dipole mode cable is obtained by 
suitably adjusting the series and shunt pis
tons shown in the diagram. The magnetic 
launcher (Fig. 4) is typified by a small loop 
of wire inserted into the end of the dipole 
mode cable and extending a short distance 
from the short-circuited end. A three-sec
tion matching unit is used to transform the 
impedance of the coaxial input down to the 
very low impedance of the loop. Table 1 
shows the loss and bandwidths achieved in 
practice with these two different types of 
launcher. 

Cable attenuation 
Particular interest in dipole mode cables 
centres on the fact that their attenuation 
has been shown to be considerably lower 
than that of an equivalent, conventional 
coaxial cable. furthermore, the dipole
mode cable has no cut-off frequency and, 
unlike a hollow metal waveguide, can be 
used satisfactorily at quite low frequencies. 

Fig. 2. Two different forms of dipole-mode cable. 

Transverse launch wire which runs through 
the centre of the dipole mode cable ( but 
is electrically insulated from it) 

Fig. 3. TEM-to-dipole-mode transducer, using transverse-electric field coupling. 

End plate 

3-stage 
matching section 

Fig. 4. Cross-section of dipole-mode launcher using magnetic coupling. 

. Dipole mode cable inner 

PTFE support insulator 
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Attenuation measurements having been 
made at various frequencies on two dif
ferent dipole mode cable structures, both 
mounted inside a 2.22 em-diameter copper 
tube. A simple substitution method was 
employed, consisting of a direct compari
son between the loss of a known length of 
the cable with that of a back-to-bac_k 
connexion between two dipole-mode 
launchers. Joints were made in the cable 
by employing short, thin, brass tubes to 
interconnect the individual wires and a 
sleeve was placed over the break in the 
outer. 

The measured losses are shown in Fig. 5 
and, while these display the very low atte
nuation obtainable, a more interesting re
sult is a direct comparison between dipole 
mode and TEM losses in the same cable. 
The dipole-mode cable can be made to 
operate in the TEM mode, simply by join
ing them together, at each end, all the 
inner structure wires and then feeding be
tween them jointly and the outer, as in a 
conventional coaxial cable. The use in 
TEM transmission of an inner structure, 
comprising parallel wires rather than a 
solid metal conductor, only causes be
tween 7% and 10% increase in attenuation. 
The results of such a comparison made at a 

. ooblo typo I ~'' typoll 
. E inner structure inner structure 
~ 0-4-1-+---+---+---+-------1 

~ 
g 

~ 0·3-1-+-----+---+-~m-:------j 
<( 
w 
c 
lJ.J 
0::: 

~ 0·2 
<( 
lJ.J 
::E 

0·1 

4 5 
FREQUENCY (GHz) 

® Cable type I in dipole- mode propagation 
0 Cable type I in TEM mode propagation 
~ Cable type IT in dipole mode propagation 
8 Cable type ll in TEM mode propagation 

Fig. 5. Measured losses of mufti-conductor 
cable in dipole-mode and TEM-mode 
transmission. 

Table 1. Comparison of available 
bandwidth and losses for dipole-mode 
launchers shown in Figs. 3 and 4. 

Bandwidth Nominal 

Launcher (between loss 
3dB (TEM to type 

points) dipole 
MHz mode) dB 

Magnetic 
coupling 500 3.5 

(see Fig. 4) 

Electric 
coupling 150 0.26 

(see Fig. 3) 
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frequency of 3.3GHz' on five different 
forms of cable are shown in Table 2. From 
these results it is clearly seen that when 
using an inner structure with a radius of 
about half that of the outer the losses are 
reduced to about SO% of those of the same 
cable operated in the TEM mode. 

Practical applications 
Optical-fibre transmission seems destined 
to take a large sQ.are of long-distance tele
communications and in due course to 
displace many of the coaxial line systems. 
However, there will always be a large 
number of circumstances in which conven
tional coaxial cable remains applicable and 
it is in these areas that the dipole-mode 
cable could find a useful place. The re
duced attentuation characteristics of this 
cable reflects the more uniform energy
density distribution over the cross-section 
and the effective use made of the area 
occupied by the inner structure. Since the 
breakdown voltage of a cable is directly 
related to the uniformity of energy-density 
distribution within the cable, the expecta
tion is that the power-handling capacity of 
dipole-mode cable will prove superior to 
that of the corresponding ordinary coaxial 
cable. 

A typical example where this factor, to
gether with the lower attenuation behav
iour, could be particularly important is in 
application to high-power u.h.f. aerial 
feeders, such as those carrying the output 
from a television transmitter to the point of 
radiatio,n. Here the size and weight of the 
transmitter equipment requires that it be 
located at ground level while the aerial has 
to be as high as possible consistent with the 
coverage required. The interconnecting 
cable has therefore to be both of consider
able length and capable of handling high 
power. 

Various structures have been considered · 
over the development period for a practical 
dipole-mode cable, and the one that now 
emerges as likely to be of particular success 
is shown in Fig. 6. This has 12 parallel 
wires spiralled around an inner polythene 
tube and supported centrally within a con
centric flexible outer screen using a 'cart
wheel' type dielectric spacer. This cable 
can be expected to exhibit the required 
low-loss characteristics while remaining 
flexible enough for all normal purposes. 
Jointing the cable can be performed in a 
number of ways, ranging from the simple 
technique of soldering the individual wires 
together with small metal sleeves to the 
construction of a connector arrangement 
similar to that employed in conventional 
coaxial cables but with plug-in joints for 
each of the inner wires. An alternative 
jointing technique has been used in which 
the separate wires are laid in metallized 
grooves cut longitudinally in a small length 
of dielectric tube. 

In this new form of coaxial cable, 
transmitting in a wave mode not 
previously applied to such a purpose, an 
tmp?rtant development is foreseen, 
offenng much lower losses, coupled with 
high-power operation at frequencies up to 
and including the bottom end of the 

Table 2. Compa;ison of dipole-mode 
and TEM losses for five different 
types of cable contained within 2.22cm 
diameter outer screen. 

PVC or polythene 
sheath 

Folded copper tape 112 x 20 swg 
1
wires 

covered with I _j' I 
copper braid ~· ~· 

l---6·1 I 
8·5 

t-------22-2 --- ----1 

Measurements are in mm 

F~g. 6. Dipole-mode cable. 

Handbook of Fiber Optics, Edited by Helmut 
T. Wolf. 558pp, hardback. Granada, £25.00. 
Ten authors from Germany, Japan and America . 
collaborated to produce this book, which is on 
the use of optical fibres in communications: 
applications for fibres conducting unmodulated 
light are largely ignored, except in the case of 
endoscopy. 

The book is a concentration of a large body of 
widely scattered information, and is thus a con
venient survey of the subject, with a large 
number of references. Each author undertakes a 
review of a particular facet of optical commu
nications (the book was first published in 1979) 
and there are reviews of research activities in 
Europe, the USA and Japan. The writing is at a 
level which would be suitable for engineers and 
scientists in other disciplines who need to use 
optical fibres, and could be used by students. 
For the worker already involved, it is a useful 
reference source and guide to further reading. 

After a long introduction to the subject by the 
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Cable Wire Cross sectional 
Measured losses at 
BGHz (in dBim l type size view ofinner 

number (swg) structure Dipole TEM 
mode mode 

I 18 0 o·n 0-37 

II 18 ~ 0·15 0·34 

.III 22 0 0·27 0·45 

N 18 {?J- 0·29 0·39 

'2 22 0 0·20 0·36 

rllicrowave band. The opportumttes for 
future application are considered to be 
clearly distinguishable from optical-fibre 
competition. 

Acknowledgements. The authors are in
debted to Professors A. L. Cullen and E. 
A. Ash of University College, London, for 
the facilities made available in the pursuit 
of this work. They also acknowledge with 
gratitude the most valuable collaboration 
provided by Cable & Wireless Ltd., in 
seconding for a year one of us (S .G.C.) to 
work full-time in the University on the 
project. 

References 
Barlow, H. M. & Nouri, M., 'New forms of 
waveguide', Wireless World, February, 1976, 
p.p. 38-40. 
Barlow, H. M., 'Multi-conductor coaxial cables 
operated in the dipole-mode and their possible 
applications', Jour. Phys. D: Appl. Phys., Vol. 
12, 1979, p.p. 321-333. 

editor, four chapters describe the components 
of a system - waveguides, sources, detectors, 
connectors and switches. These are followed by 
sections on economics, applications in commu
nication systems and a piece on medical endos
copes. 

Ferromagnetic Core Design and Application 
Handbook, by M. F. DeMaw. 256pp., 
hardback. Prentice-Hall International, £12.95. 
The emphasis in the title of this book ought, 
perhaps, to have been on the applications of 
cores rather than on their design, since the 
majority of the text is devoted to very practical 
information on the specification and use of in
ductors which employ iron or ferrite cores. 

Properties of materials and the physics of 
cores are covered in the first chapter, the suc
ceeding three being concerned with the use of 
cores in the forms of rods and bars , toroids , 
beads, sleeves and pots. Chapter 5 deals with 
permanent magnetic materials . A good bibliog
raphy, a list of references and a number of 
appendices complete a most helpful book. The 
circuit diagrams used throughout the book to 
illustrate the use of cores, and reference to com
mercial cores by type number are especially 
useful, though the references are to American 
components. 
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6809 evaluation system 
for £100 

Uprated Nanocomp and cassette interface 

by R. Coates 

The 6809 is a recent 8-bit 
microprocessor which uses a 16-bit 
architecture to considerably improve 
the performance available from an 8-
bit device. Because development of 
conventional 16-bit processors is 
accelerating, many designers think 
that the 6809 represents the practical 
limit for an 8-bit device. 
Unfortunately, few potential users 
have been able to evaluate this 
processor because there is very little 
hardware available at present and 
information is still scarce. This design 
is based on the well-tried and tested 
Nanocomp (Jan. 81) and provides a 
useful low-cost evaluation system for 
the 6809. 

The 6809 is the most recent addition to the 
M6800 family of microprocessors, and 
provides a much more advanced architec
ture than the 6802. Internally the device is 
a 16-bit processor, which can perform 16-
bit operations, with several extra registers 
and other improvements. However, be
cause the device retains an 8-bit external 
data bus, the hardware is very similar to 
the 6802 and can therefore be used with a 
slightly modified Nanocomp. 

The improved performance of the 6809 
is attributable to several factors besides the 
potential of 16-bit operations. An impor
tant advantage is the addition of extra and 
more powerful addressing modes which 
enable the processor to recognize 1464 dif
ferent variations of instructions and 
addressing modes from a basic instruction 
set of 59. Despite this large number of 
instructions, the improved architecture 
makes the device easier to program. 

To preserve software compatibility with 
earlier Motorola microprocessors, the 6809 
is compatible at source-code level with the 
6800 so all but a few of the existing mne
monics are included. Exceptions such as 
1NX have been excluded to maintain as 
rigidly as possible the regularity of the 
architecture. Extra addressing modes have 
been provided for the existing instructions 
and new instructions, unique to the 6809, 
have been added. Therefore, source 
programs written for the 6800 can be re
assembled using the 6'8'(J9' op-codes, (not all 
are the same as the 6800) and existing 
software can be transferred. All mnemon
ics excluded from the 6809 can be per
formed by new instructions. Although it 
may seem pointless to transfer existing 
software to a more powerful processor, it 
allows users to upgrade their systems with-

Table 1. Revised memory map 

eprom 

--------7FFF 
monitor 

-------7COO 
user 7800 

eprom 7400 
--------7000 
---'------- 4003 

pia 
-------- 4000 
------------13FF 

display buffer 
-------13FA 

monitor workspace 
-------13EO . 

2114 ---___;.- --1300 
rams monitor stack 

pia 

-------1380 
user stack 

program ram 
------------1000 

4000 output/data direction register A . 
4001 output/data direction register B 
4002 control register A 
4003 control register B 

out having to re-learn completely. 
Branch instructions have been improved 

by adding 16-bit 2's complement offsets as 
well as 8-bit. This permits a branch to be 
made from anywhere to anywhere in the 
full 64 K address range, which makes the 
writing of position independent programs 
much easier. 

Circuit modifications 
The block diagram of this design is iden
tical to the original version except that the 
6809 does not have an on-chip r.a.m. and 
the 128 bytes at address 0000 to 007F are 
not available. The circuit diagram in Fig. 

· 1 is almost identical to the original and, 
apart from the obvious change of c.p.u. 
chip, the main difference is that the 
74LSOO, which generated the VMA.E sig
nal, is omitted. This i.e. is not required 
,because there is no valid memory address 
signal on the 6809, and invalid memory 
addresses are forced to FFFF. The E out
put can be used directly in place of 
VMA.E. Another alteration is the provi
sion of an extra interrupt input, the fast 
interrupt request FIRQ. This input is not 
used in the present design, but is brought 
out to a pin for possible future use. Reset 
on the 6809 has a Schmitt-trigger input 
which, with capacitor c9, provides auto
matic power-on reset. Because the c.p.u. 
on-chip r.a.m. is not available, the 

memory map has been revised and is 
shown in Table 1. The monitor workspace 
is now positioned at the top of the 1K 
memory and therefore about 40 bytes are 
lost for user programs. All other aspects of 
the circuit and testing are as described for 
the 6802 version. 

Operation 
Operation is more or less the same as the 
6802 version. As the monitor software list
ing now includes cassette-tape handling 
routines, the full1K allocated to tlie moni
tor program, 7C00-7FFF, is now used. 
These routines use the L and P keys and 
are described later. The main alteration to 
the monitor is the register display com
mand R which has been revised to take 
account of the increased number of c.p.u. 
registers. This command is automatically 
entered after a SWI, but may be re-entered 
with the R key. The condition-code regis
ter contents are first displayed with the 
right-hand digit denoting the register be
ing displayed as shown, 

:: = condition-code register 
:=: = ace A 
b = ace B 
d = direct page register 
:-: = X register (index) 
•:: = Y register 
U = user stack pointer 
P = program counter 
-5 = hardware stack pointer 

The I key will increment through the 
various registers, and their contents will be 
shown on the left four digits . After 
displaying 5 , the unit automatically re
turns to the monitor start. The two new 
software interrupt instructions, SW12 and 
SW13, are not used by the monitor but, 
with the hardware interrupts, the program 
can jump to and continue from a specified 
. address in certain memory locations. 
These are listed in Table 2. 

When an interrupt occurs, the continua
tion address is fetched, which is usually 
the interrupt service routine, and proces-

Table 2. Interrupt jump locations 

When an interrupt occurs, an address is 
fetched from the memory shown and · 
processing continues from that address. 

Interrupt 
SW13 
SW12 
FlRQ 
NMI 
IRQ 

Address 
13E5/6 
13E7/8 
13E9/A 
13F2/3 
13F4/5 
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sing continues from that point. The NMI 
input, however, is used for the abort key 
and its jump address is set automatically 
when a reset occurs, but it may be mod
ified for other purposes by a users 
program. The monitor has been written to 
ensure that the useful monitor subrou
tines, listed in Table 2 of the original arti
cle, function identically and have the same 
entry address points. The re-entry point to 
the monitor from a user program is 7D97, 
which also applies to the 6802 version. 

The four original programs can be in
cluded if a 2 or 4K e.p.r.o.m. is used. The 
start address for hex-decimal/decimal-hex 
converter is 7800, duckshoot - 7940, 
branch calculator - 7 AOO and mastermind 
-7 A80. For duckshoot,. the speed is set at 
location 1000 and 1 because there is no 
memory at 0000 in the 6809 version. Two's 
complement offsets used by the branch 
instructions of the 6802 are limited to 8 
bits but the 6809 also uses 16-bit offsets, 
with the PC relative addressing mode, 
therefore the branch calculator program 
now caters for these. In addition to re
questing the start and destination 
addresses, the program requests the 
number of bytes in the instruction, b in 
the right-hand display, which must be en
tered. If an instruction has only two bytes, 

· it must be an 8-bit offset so an 8-bit value 
is given or two dashes if it is out of range. 

An instruction which requires a 16-bit 
offset must be three bytes or more, so a 16-
bit answer is displayed if a byte value of 
three or greater is given. 

Programming 
Because programming information for the 
6809 is not widely available yet, a brief 
description of the architecture is given to
gether with the instruction set and pro
gramming details. However, for serious 
programming, Motorola's MC6809 Pre
liminary Programming Manual is essen
tial. 

A programming model of the 6809 is 
shown in Table 3, and details of the regis
ters are given below. 
Accumulators (A, B, D) 
The A and B registers are general purpose 
8-bit accumulators for arithmetic calcu
lations and data manipulation. Some in
structions link the registers to form a 

single 16-bit accumulator (D) with A as the 
most significant byte. 
Direct page register 
The direct addressing mode in the 6800 
allows a shorter form of instruction to be 
used for accessing the bottom 256 bytes of 
memory. This facility has been enhanced 
in the 6809 so that the 8-bit direct page 
register is used as the most significant byte 
for direct addressing. This allows the 
direct mode to be used under program 
control at any place in memory. 
Index registers (X, Y) 
These are the same as the single 6800 regis
ter. The 16-bit address in the register takes 
part in the calculation of effective 
addresses and can be used to point to data 
directly. The address can also be modified 
by an optional constant or register offset. 
The 8-bit constant offsets are supple
mented with 5 and 16-bit offsets. All four 
pointer registers (X, Y, U, S) can be used 
as index registers . 
Stack pointers (U, S) 
The hardware stack pointer, S, is used by 
the processor' during subroutine calls and 
interrupts, and points to the top of the 
stack instead of the next free location as in 
the 6800. 

The user stack. pointer. U. allows argu
ments to be passed to and from subrou
tines. Both stack pointers can also be used 
as index registers, and have additional 
Push and Pull instructions which can 
operate on any or all of the registers (ex
cept themselves) . 
Program .counter 
Used by the processor to point to the 
address of the next instruction to be exe
cuted. 
Condition code register 
This register, also known as the flag regis
ter, defines the state of the processor at any 
time. The register comprises 
C (bit 0) CARRY. Indicates that a carry 
occurred on the last ALU operation, or a 
borrow from subtraction instructions. 
V (bit 1) OVERFLOW. Set by an opera
tion which causes a two's complement 
arithmetic overflow. 
Z (bit 2) ZERO. Set if the result of the 
previous operation was zero . 
N (bit 3) NEGATIVE. Contains the 
m.s.b. from the result of the preceeding 

Table 3. Programming model of the 6809 

15 0 
X- Index register 

Y- Index register 

U - User stack pointer 
I Pointer registers 

Program counter 

Accumulators 

· S - Hardware stack pointer 

PC 

A I B 

~-----------0------------~ 

7 0 

I DP j Direct page register 

7 0 
[lElii 1 1 IN I~ IV I c I CC - Condition code 

register 

35 

operation. Therefore, a negative two's 
complement will leave N set. 
I (bit 4) IRQ mask bit. Interrupts on this 
line will not be recognised if I is set. NMI, 
FIRQ, IRQ, RESET and SWI all set the I 
bit, but SW12 and SW13 do not affect it. 
H (bit 5) HALF CARRY. Indicates a carry 
from bit 3 in the ALU after an 8-bit addi
tion. Used by the decimal adjust instruc
tion to perform the b.c.d. decimal add 
adjust operation. 
F (bit 6) FIRQ mask bit. Interrupts on this 
line will not be recognised if I bit is set. 
NMI, FIRQ, SWI and RESET set the F 
bit. IRQ, SWI and SW13 do not affect it. 
E (bit 7) ENTIRE FLAG. Used to indi
cate whether all the registers were stacked 
or a subset (PC and CC) performed by a 
FIRQ. TheE bit of the stacked condition 
code register is used on return from in
terrupt (R TI) to determine the extent of 
unstacking. 

The main improvement offered by the 
6809 is the proliferation of addressing 
modes which are summerised below. 
INHERENT. In this mode the opcode 
contains all necessary address information 
(single byte instruction) . . 
IMMEDIATE; The data to be used by the 
instruction immediately follows the op
code in memory. Can be an 8-bit or 16-bit 
value depending on the instruction. 
EXTENDED. The contents of the two 
bytes following the opcode specify the 16-
bit effective address used by the instruc
tion. 
EXTENDED INDIRECT. A special case 
of indexed addressing where one level of 
indirection is added to extended 
addressing, ie, the two bytes following the 
postbyte of an indexed instruction contain 
the address of the address of the -data. 
DIRECT. Similar to extended but only the 
lower 8 bits of the effective address are 
specified in the byte following the opcode. 
The upper 8 bits of the effective address . 
are supplied by the direct page register. 
Therefore, programs using this mode 
rather than extended will use less memory. 
INDEXED. T he most complex 
addressing mode. In all indexed 
addressing, one of the pointer registers (X, 
Y, · U, S and sometimes PC) is used in a 
calculation of the instruction . The 
post byte of an indexed instruction 
specifies the basic type and variation of 
addressing mode, and the pointer register 
to be used. Table 4 gives the details neces
sary for calculating the postbyte opcode for 
all forms of indexed addressing. The five 
basic types · of indexing are 
Zero Offset. The selected pointer register 
contains the effective address of the data to 
be used by the instruction. 
Constant Offset. A two's complement off
set and the contents of one of the pointer 
registers are added to produce the effective 
address of the operand. The pointer regis
ter's initial content is unchanged by the 
addition. 

Three sizes of offset are available; ± 4-
bit ( -16 to + 15), ± 7-bit ( -128 to + 127) 
and ± 15-bit (- 32768 to + 32767). The S
hit offset is included in the postbyte, 
whereas 8-bit and 16-bit offsets require 1 
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Table 4. Indexed addressing modes 

Non indirect 

Assembler Postbyte + + 
Type Forms form op-code # 

Constant offsetfrom R no offset R 1 RR00100 0 0 
(signed offsets) 5-bit offset n,R ORRnnnnn 1 0 

8-bit offset n,R 1 RR01000 1 1 
16-bit offset n,R 1 RR01001 4 2 

Accumulator offset from R A - register 
offset A,R 1RR00110 1 0 (signed offsets) 
B · - register 
offset B,R 1RR00101 1 0 
D - register 
offset D,R 1RR01011 4 0 

Auto increment decrement R increment 
by 1 ,R+ 1RROOOOO 2 0 
increment 
by2 ,R++ 1 RR00001 3 0 
decrement 
by 1 ,-R 1RR00010 2 0 
decrement 
by2 ,--R 1 RR00011 3 0 

Constant ~ffset from PC 8-bit offset n, PCR 1XX01100 1 1 
16-bit offset n, PCR 1XX01101 5 2 

Extended indirect 16-bit 
address - - - -

R =X, Y, U orS X= 00 y = 01 X = don't care . u == 10 s = 11 

+and+# indicate the number of additional cycles and bytes fo~ the particular variation 

or 2 bytes respectively after the postbyte 
for the offset. 
Accumulator Offset. Similar to constant 
offset indexed except that the two's com
plement value in one of the accumulators 
(A, B or D) is used as the offset, the 
postbyte specifies which. Neither register 
is altered by the operation. 
Auto Increment/Decrement. Similar to . 
zero offset, but with auto increment. After 
the pointer register is used it is incre
mented by 1 or 2 and then used. 
Indexed Indirect. All indexing modes, ex
cept auto increment/decrement-by-one 
and 5-bit offset, can have an additional 
level of indirection. This means that the 
effective address is contained at the loca
tion specified by the content of the index 
register plus any offset. 

will remain constant wherever the program 
is run, whereas with a LDX instruction 
the absolute address must be specified. An 
additional level of indirection is available 
with this mode. · 

New instructions 
PSH/PUL. These instructions allow any 
combination of registers to be pushed onto 
or pulled off the hardware (S) or user (U) · 
stack. Which registers are pushed or 
pulled is defined by an immediate byte 

Fig.2. Cassette interface. This circuit is 
powered from the Nanocomp via the p.i.a. 
connector. 

Cassette 
recorder 
connector [2 

MicO I 
100n 

R4 27k rc1 
CA3140 

L.S. 

1M 

R? 
[ 

10k 
4 100n 
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Indirect 

Assembler Postbyte + + 
form op-code # 

[R] 1RR10100 3 0 
defaults to 8-bit 

[n, R] 1RR11000 4 1 
[n, R] 1RR11001 7 2 

[A,R] 1 RR10110 4 0 

[B, R] 1RR10101 4 0 

[D,R] 1RR11011 7 0 

not allowed 

[,R++] 
I 

1 RR10001 6 0 

not allowed 

[,--R] 1 RR1 0011 6 0 

[n, PCR] 1XX11100 4 1 
[n, PCR] 1XX11101 8 2 

[n] 10011111 5 2 

after the opcode. Each bit in the byte 
specifies a register. 

c c bit 0 
A,D bit 1 
B,D bit 2 
D P bit 3 

X bit 4 
y bit 5 

u,s bit 6 
PC bit 7 

· TFR/EXG. Any register may be trans
ferred or exchanged with any other register 
of the same size, i .e. 8-bit to 8-bit or 16-bit 
to 16-bit. Also, a 16-bit' register can be 
transferred to an 8-bit. The registers to be 

PIA 
R2 

connector 

PB6 
4k7 

R1 

+SV 

[I)J7 

PB7 

RELATIVE. Branch instructions use the 
relative addressing mode, i.e. the byte(s) 
following the branch opcode is a signed 
offset which is added to the program coun
ter. If the branch condition is true, the 
calculated address (PC + signed offset) is 
loaded into the program counter. Execu
tion then continues from the new address. 
Short branches require a 1-byte offset and 
long branches require 2 bytes. 
PROGRAM COUNTER RELATIVE. 
Another type of indexed addressing where 
the program counter is used as the pointer, 
with an 8 or 16-bit offset;. This is very 
useful for pointing to blocks of data in a 
program which must be relocatable, i.e. 
runs anywhere in memory. The Load 
Effective Address instruction makes use of 
this mode. For example, to point the X 
register 'to a block of data by specifying an 
offset, relative to the cutrent PC position, 
where the data block resides. This offset 

Gnd 0---------~~--~~----------~-------------------------- Gnd 

Fig.3. Layout and component placement 
for the cassette interface. 

transferred are specified in an immediate 
byte. A code contained in the most signifi
cant four bits specifies the first register and 
the least significant four bits specify the 
second. 
The register codes are 

0000 D 
0001 X 
0010 y 
0011 u 

. 0100 s 
0101 PC 
1000 A 
1001 B 
1010 cc 
1011 =DP 

MUL. Multiplies the unsigned binary 
numbers in the A and B accumulators and 
places the unsigned result into the 16-bit D 
accumulator. 

Although this short account of the 6809 
is by no means complete, it should enable 
the constructor to start programming this 
very power~ul processor . 

Cassette tape interface 
One facility which is more or less essential 
with any computer system is a means of 
storing programs. The cheapest conve
nient method of storage is a cassette tape 
and, as most users will have access to a 
cassette recorder, all that is required is the 
appropriate interface and software. This 
simple interface can be used with either 
version of the Nanocomp and will load the 
lK memory in about ISs. An important 
part of the tape storage system is a set of · 
routines, so readers using the original mo-

. nitor will need to reprogram their 
e.p.r.o.m. 

Data to be stored is transmitted to the 
recorder from a p.i .a . output line in the 
usual asynchronous serial format of a start 

bit, eight data bits and two stop bits for 
each data byte. Data bytes are transmitted 
in blocks of up to 16 bytes and each block 
starts with a 2-byte code, which identifies 
the start of a block on playback, followed 
by 2 bytes which give. the start address of 
the block. The data bytes are then sent, 
followed by a checksum byte which is cal
culated by adding all · the bytes in the 
block. T he end of a recording is identified 
by an end-of-file code. Each bit is encoded 
onto the tape as one cycle of a square wave, 
and the period of SOO!J.s or 2ms determines 
whether it is a 1 or 0 respectively. When 
·loading a program, the period of each cycle 
is measured by checking whether it is 
greater or less than the average period, 
which makes the system reasonably 
tolerant of tape speed changes between 
different machines . 

The interface plugs into th~ p.i.a. 
connector and is powered by the N ano
comp. Spare lines PB6 and PB7 are used 
for data transmission and reception so the 
interface can be permanently connected. 
The data to be recorded is transmitted 
from PB6 and reduced in amplitude by the 
potential divider R1, Rz in Fig. 2. Qn 
playback, the output from the recorder is 
limited and squared for driving the logic 
input of the p.i.a. A CA3140 is used for 
IC 1 because it operates satisfactorily from a 
single SV supply. · 

The cassette interface can be assembled 
on a small p.c.b. as shown in Fig. 3. Only 
four connections are required to the Nano
comp and the connector numbers are 

+SV 7a 
OV 2a 

PB6 12a 
PB7 12b 

If a ribbon cable is not available, ordinary 
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stranded wire can be used and . soldered 
onto the connector. 

Operation 
The L and P keys are used to load and 
dump data respectively; To save a 
program, key P and the display will re
quest the start address of the memory 
block to be saved '5 , followed by the finish 
address f . Transmission will start im
mediately the last key is released, so the 
recorder should be started before this. 
When the recording is finished, f ·will 
appear in the left of the display which· 
indicates that the recorder can be stopped. 
Abort or Reset wilL return the monitor 
prompt. 

To load a program, key Land start the 
recorder just before the beginning of the 
program. To provide a form of feedback, 
the top and bottom segments of the 
lefthand display are turned on as data is 
received. When a 1 is received, the top 
segment is on and when a 0 is received, the 
bottom segment is on. If the program is 
loaded correctly, when the end-of-file code 
is received i: is displayed. Abort or Reset 
returns the prompt. If a checksum error is 
encountered in one of the data blocks, a :: 
is displayed and loading is stopped. If this 
occurs the tape must be rewound and res
tarted. 
. With some experimentation the record 

and playback levels can be optimised al
though, with a reasonable recorder, they 
are not critical. It should be noted that the 
requirements for recording data on a cas
sette tape are high so only high quality 
audio cassettes or, preferably, certified 
data quality should be used. Also, a worn 
recorder which does not give an acceptable 
performance with speech .or music is un
likely to produce reliable data recordings . 
Auto record-level machines may also cause 
problems because their circuits are not 
designed to be used with a low mean-to
peak ratio square wave. 

Although the Nanocomp was originally 
intended as a microprocessor trainer, 
many constructors may W(!.nt to uprate the 
unit as shown, and interface the circuit to 
other systems. We intend to support this 
design with a further article describing 
extra peripheral devices such as a-to-d and 
d-to-a converters and a simplt: e.p.r.o.m. 
programmer. 

The original monitor/utility program 
has been revised to remove a potential bug 
in the master mind program, and to im
prove the performance if poor quality keys 
are used. A hex list of the new monitor, 
which also contains the cassette interface 
software, can be obtained from the edi
torial office by sending a large s.a.e. clearly 
marked 6802 or 6809. 
A set of p.c.b.s for the 6809 Nanocomp 
(power supply and logic board) will be 
available for £9.00 and a cassette interface 
board for £1.50, inclusive of v.a.t. and UK 
postage, from M. R. Sagin, 23 Keyes Road, . 
London N.W.2. 

Technomatic Ltd, 17 Burnley Road, Lon
don N.W. 10, 01-452 1500, and Magenta 
Electronics Ltd, 135 Hunter Street, Burton
on-Trent Staffs, 0283-65435, will be 
offering a kit of components. Both com
panies will also reprogram e.p.r.o.m.s for 
both versions of the Nanocomp. 
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CB - so close to 28M Hz 
One factor arising from the Home Office's 
draft 'performance specification' for 
27 MHz f.m. equipment, for what is now 
officially termed the "Citizens Band Radio 
Service", will be viewed with some dismay 
by many radio amateurs: the minimal fre
quency gap between "Channel 40" 
(27.9912SMHz nominal carrier frequency) 
and the 28.000MHz low-frequency end of 
the 28MHz amateur band. This represents 
an unexpectedly savage turn-down of the 
RSGB request that any such service should 
not be located close to an amateur band. 

It can be argued of course that if c.b.ers 
stick to the proposed conditions - for 
example that all equipment must be cov
ered by a licence of which it will be a 
condition that "the apparatus fulfils, and is 
maintained to, certain minimum technical 
standards" - then there may be few' prob
lems. But there seem certain to be "social 
problems" when licensed c.b.ers find, as 
almost certainly they will, that their low
power, low-cost rigs cannot be expected to 
function satisfactorily when one of their 
neighbours is legally running a 28MHz 
amateur transmitter at 150 watts d.c. input 
or 400 watts p.e.p. output only a few kHz 
away from the c. b. channel! 

Although the latest Home Office plans 
have received a good deal of criticism one 
cannot Q.elp feeling that if the same propo
sals had been made several years ago they 
would have been warmly welcomed by 
almost all those interested in the de
velopment of c. b. What remains to be seen 
is whether the proposed regulations will be 
obeyed or enforced. 

For example, it is difficult to imagine 
even an otherwise conscientious c. b. 
operator actually taking care to insert a 
10dB attenuator when using a high aerial! 

Amateur television 
The latest issue of CQ-TV, journal of the 
British Amateur Television Club, reports 
an increasing number of television contacts 
with Continental amateurs. Andrew Em
merson, G8PTH, of Canterbury mentions 
his successful reception of lockable SE
CAM colour transmissiom from F1EDM 
at Le Havre. Several British amateurs are 
experimenting with video transmissions on 
the 1.3 and 10 GHz bands. In Melbourne, 
Australia a television repeater accepts sig
nals on 440MHz and retransmits them on 
579MHz and can thus be received on un
modified domestic television receivers. In 
the USA the FCC is continuing to permit a 
handful of amateurs to experiment with 
"medium scan television" on 29.150MHz 
with a maximum bandwidth of 36kHz. 
This concession is resulting in the exploita
tion of a number of novel techniques, in
cluding frame grabbing at an eighth of the 
60 fields per second of standard American 
television. It has been found that at least 

' 

7. 5 fields p~r second are needed to give a 
reasonable illusion of movement. One of 
the amateurs concerned in this work 
(W3EFG) was the originator, several years 
ago, of the General Electric (USA) "Sam
pledot" narrow-band system and plans are 
now being made to use some of the original 
Sampledot equipment in conjunction with 
a digital scan converter and frame grab
bing to provide a 7. 5 rather than 60 · Hz 
field rate. ' 

Slow-scan land and sea image data with 
a format of 256 ~y 256 pixels and 16 grey 
levels with digital transmission on the bea
con signal at 145~.82SMHz are among the 
facilities that will. be provided by the 
British amateur s~tellite UOSAT (Univer
sity of Surrey) du~ to be launched in a few 
months time. UQSAT will carry an earth
pointing c.c.d. two-dimensional imaging 
array. 

Amateurs at British Telecom's research 
centre at Martlesham are planning ·tv 
transmissions both for local "news" and 
for regular contacts with Holland. BATC 
deserves congratulations on the new 
"Amateur-Television Handbook" edited 
by John Wood, G3YQC and Trevor 
Brown, G8CJS. This excellent 96-page 
booklet is packed with eminently practical 
information and designs provided by some 
20 amateurs and covering principles, 
aerials, receivers, transmission, vision 
sources, video processing and colour 
television (non-members £2 plus 35p 
postage from I. Pawson, 14 Lilac Avenue, 
Leicester LE5 1FN). 

IARU Region 1 
Conference 
The many sessions of the IAR U Region 1 
Conference at Brighton, at which the 
national amateur radio societies of some 36 
countries were represented among the 1 SO 
or so delegates, resulted in many recom
mendations that , in the coming years 
should help to make as effective as possible 
both operating and technical investiga
tions. But less happily this conference will 
also be remembered for the deaths of two 
of the delegates: Peter Balestrini, G3BPT 
and the Dutch amateur PAoOK. Peter 
Balestrini was the 1980 President of the 
RSGB and was attending the conference in 
his capacity of RSGB Emergency Commu
nications Manager. Professionally engaged 
with Port of London Authority telecom
munications, he was for many years one of 
the leading enthusiasts who built up the 
"Raynet" emergency system. 

Although there can be few amateurs 
who did not wish the Conference well, 
some criticism has been expressed of the 
Horne Office decision to permit the use of 
a special call sign, GJ B liAR U, since the use 
of "four-letter" callsigns is not specified in 
the international Radio Regulations. 
However the Home Office clearly regarded 
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this as a very special "special event" and 
even gave blanket permission for the sta
tion to be operated by foreign delegates not 
holding a reciprocal British licence. 

April solar storms 
Highly disturbed h.f. propagation condi
tions were experienced during April, parti
cularly during the periods April 7 to 13 
and April 21 to 27, following intense solar 
flares. On some days F2 critical frequen
cies remained abnormally low and on April 
13 between 0600 and 1700 hours the F2 
layer was not detectable at The Appleton 
Laboratory, and the am.ateur h.f. bands 
remained virtually unusable during much 
of the day. A considerable number of 
severe h.f. blackouts and auroral condi
tions were experienced during the month. 
Such ionospheric disturbances tend to take 
place most frequently during the early de
creasing phase of a sunspot cycle, but the 
events of April were unusual by almost any 
standard. 

Observations made on 3.5MHz by 
G3XRJ and VK7 AE in Tasmania, Austra
lia during an eclipse of the sun on Feb
ruary 4 around 2030 hours showed a very 
marked enhancement of this low h.f. path 
between England and Australia during the 
total eclipse period. The effect, during the 
Australian "dawn", was to keep the path 
open almost an hour longer than normal, 
although there was a very rapid fadeout of 
signals after the sun re-emerged. 

In brief 
A weekend 'Hamfest' from Friday to Sun
day, 26-28 June, is being organized by the 
Leeds & District Amateur Radio Society, 
opening with a "welly disco" and with 
arrangements for overnight camping and 
caravan facilities. A demonstration station, 
GB2WYR, will operate ... The RSGB's 
v .h.f. national field day, probably now the 
biggest UK contest event of the year, is on 
July 4 to 5 ... Mobile rallies include three 
on June 28: Longleat Park, Warminster, 
Wilts; Rolls Royce Sports and Social Club, 
Barnoldswick; and Crawfordsburn Scout 
Camp, Crawfordsburn County Park, near 
Bangor, Co. Down; July 12 Droitwich 
High School, Droitwich; July 19 Brighton 
Raceground, Brighton and Cornwall Tech
nical College, Pool, Camborne .... Abuse 
of the South London 144 MHz repeater 
continues, including the weekend of the 
Brixton disturbances . . . J. T. Dolan of 
Seattle, USA, was fined $750 for operating 
the pirate broadcast station "RX4M Voice 
of Clipperton" after FCC engineers traced 
him using sophisticated mobile direction 
finders. In California, David Lee Grimm 
was fined $1500 for illegal c.b. operation 
after repeated warnings and equipment 
valued at about $8000 seized, including 
four linear amplifiers, two amateur radio 
transceivers and one c. b. radio transceiver . 

PAT HAWKER, G3V A 
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Leap se·conds 
Story of the transfer from astronomical to atomic time 

Most people now know that all time 
measurements and time signals 
throughout the world are based on 
atomic clocks but the need to adjust 
them by one second at the end of the 
year is not well understood. It follows 
from the fact that the signals must 
not only give precise uniform 
intervals of time but must also give 
the time of day which is determined 
by the non-uniform rotation of the 
earth. The transfer from astronomical 
to atomic time and the co-ordination 
of the two systems was an important 
step in the advance of science and it is 
surprising that the full story has never 
been told. The requirements of radio 
engineers were always prominent in 
the discussions. 

The time of day is not required very accu
rately for civil purposes - it is changed by 
an hour, twice a year - but for navigation 
at sea it should be fairly close to the time 
scale based on the position of the stars, 
known as UT 1. Time intervals, on the 
other hand, are required to be as precise 
and uniform as possible, particularly for 
air navigation and the control of the fre
quencies of radio transmitters. For these 
applications the actual time or epoch of the 
signals is irrelevent. . 

These two requirements are so different 
that it might be asked why two separate 
sets of signals are not used, giving astro
nomical time for sea navigation and civil 
purposes and atomic time for everything 
else. This was indeed suggested by Dr 
G.M.Clemence of the US Naval Obser
vatory who proposed that two units of time 
should be defined, adding, probably not 
very seriously, that the atomic unit should 
be called the Essen. The fundamental ob
jection to this is that it would constitute a 
duplication of one of the basic units of 
measurement; and a practical objection is 
that the use of two time scales would un
doubtedly lead to confusion, as our exper
ience with standard frequency transmis
sions had shown. It was therefore worth 
while to make an effort to construct a 
single time scale, which would give the full 
accuracy of the atomic clock and the time 
of day as accurately as needed. This prin
ciple was accepted but it took 16 years to 
get international agreement on the details. 

The first caesium atomic clock was put 
into operation at the National Physical 
Laboratory, Teddington, in June 1955; 
and it was immediately obvious to us that 

by L. Essen, D.Sc., F.R.S. 

t 
The original caesium resonator, designed at the NPL by the author and J. V. L. Parry, 
which led to the development of the atomic standard of time. 

the necessary checks on its performance 
under different ~onditions could not be 
made in terms of astronomical time. A 
provisional atomic unit was ·defined and an 
atomic scale maintained by quartz clocks 
checked by the atomic clock, under stan
dard conditions, as often as necessary: 

It happened that the International As
tronomical Union was meeting in Dublin 
that summer and through the courtesy of 
the Astronomer Royal, Sir H. Spencer 
Jones, I was able to attend this meeting to 
describe the clock and the initial results. 
One of the main· topics of discussion at the 
meeting was a proposal to redefine the unit 
of time, making it in effect a fraction of the 
time of revolution of the 'earth round the 
sun instead of a fraction of the time of 
rotation on its axis. It was believed that 
this unit, the second of ephemeris time 
(ET) would be more constant than the 
second of universal time (UTI). It is diffi
cult to measure it and the value being 

The next leap second will be 
on 30th June 1981 in the last 
minute of the day. The minute 
befdre midnight will contain 
61 seconds instead of 60 
seconds. 

recommended was in effect the average 
value of the second of UT1 over a period of 
200 years. Such a unit might be useful for 
astronomical work but it is not of the slight
est use to the physicist and radio engineer. 
I suggested that it might be wise to delay a 
decision until agreement was obtained on 
the definition of an atomic unit which 
would certainly be required in the future. 

However, the proposal to change to ET 
was adopted and was confirmed at the 
General Conference of Weights and Mea
sures in 1956. It was a strange decision and 
it meant that from 1956 untill967, when 
an atomic unit was defined, the definitive 
unit of time existed only on paper. The 
unit ·used in practice was the second of 
UT1; and at the NPL this was defined in 
terms of the provisional atomic unit, which 
was made available throughout the world 
by our standard frequency transmissions 
and their 1 s timing pulses derived from the 
standard. These were used at the Interna
tional Bureau de l'Heure to smooth out the 
irregularities of the astronomical signals. 

Although the atomic clock had a luke
warm reception at the Dublin meeting an 
important resolution was passed with the 
advocacy of Dr W. Markowitz. It was 
agreed that when the relationship between 
the atomic frequency and the second of ET 
had been established the atomic clock 
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would be used to make ET available. We 
planned together a programme of mea
surements to obtain this relationship: the 
time interval between certain agreed sig-

1 
nals about a month apart was to be mea
sured at the NPL in terms of the atomic· 
clock and at the USNO in terms of ET. 
Markowitz had developed a method of ob
taining ET more quickly than by direct 
observations of the sun; but even so the 
measurements were continued for three 
years before it was decided that further 
averaging was not likely to improve the 
accuracy of the result which was therefore 
announced. The result expressed as the 
frequency of the caesium atomic transition 
in terms of the second of ET was: 

9192631770±20 cycles 
The second of atomic time was therefore 
the time occupied by 9192631770. cycles of 
the caesium line, the limits of error being 
omitted since they were due almost enti
rely to the astronomical measurements: 
This value was used at the NPL in place of 
the provisional value, from 1958, in 
accordance with the Dublin resolution. 

There was still strong opposition from 
astronomers to the formal adoption of the 
atomic unit. They regarded the atomic 
clock as a kind . of superior quartz clock 
which could be used to smooth astronomi
cal time, and ignored the fundamental dif
ference between them. The quartz clock is 
simply a stable oscillator which can be 
adjusted to have any frequency by altering 
its dimensions, whereas the atomic clock 
has a frequency determined with great 
precision by. natural constants. It is repro
ducible anywhere in the world and pro
vides a unit of time which is immediately 
and readily available. It is ideally suited to 
be a definitive standard of measurement. It 
must be admitted, as was often pointed 
out, that unlike the earth, it does 
sometimes stop, but this is an academic 
point of no practical significance. When 
one clock stops it can be reset by reference 
to one that has not, with a precision enor
mously greater than any astronomical mea-

Louis Essen was born in 1908 and 
educated at High Pavement School in 
Nottingham and Nottingham Univer
sity College, gaining a London exter
nal degree. Joining the NPL in 1929, 
he worked with D. W. Dye on tuning
fork and quartz oscillators and has 
continued to investigate frequency 
standards throughout his career. 
Working with A. C. Gordon-Smith 
from 1946 to 1950, he was able to 
establish, using a cavity resonator, a 
new value for the velocity of light, 
which is still accepted . . 

Taking up a proposal by I. I. Rabi in 
the United States, Dr Essen collabo
rated with J. V. L. Parry at the NPL to 
produce, in 1955, the first atomic cae
sium frequency standard: a later de
sign now serves as the British national 
standard. Work in this field brought an 
involvement with relativity, which led 
to a belief that Einstein was wrong in 
one important respect and to a dif
ferent interpretation of the Michelson
Morley experiment. 

Dr Essen gained a Ph.D in 1941, a 

surement. And even if they all stop they 
can be reset by reference to the stars so 
that one is no worse off. 

It must be remembered too that the 
major observatories, including the Royal 
Greenwich Observatory, were founded 
with the specific object of providing the 
navy and merchant ships with time. Their 
responsibility was later extended to 
providing a uniform time scale for scien
tific purposes. The determination of astro
nomical time became a complex operation, 
the measurement made at many observato
ries being correlated at the Bureau de 
l'Heure which published the definitive 
corrections to time signals about 12 
months in arrears. There was a consider
able vested interest in retaining astronomi
cal time as the definitive system. As several 
of those concerned jokingly said, there was 
no doubt that we must change to atomic 
time, but not before we retire, please. 

Another question to be settled was the 
type of atomic clock to choose. In spite of 
the known performance of the caesium 
standard at the NPL apd then at laborato
ries in Canada, the USA, and Switzerland, 
clocks based on the same spectral line of 
hydrogen and thallium were possible 
contenders. A lot of attention was also 
devoted to the study of a spectral line of 
ammonia; and although this was never a 
serious contender as a time standard it led 
to the development of the maser and the 
laser. The advantages of the caesium clock 
prevailed and in 1967 it was accepted for 
defining the unit of time, with the value 
given above. 

The co-ordination of the 1s pulses car
ried on standard frequency transmissions 
with astronomical time signals presented 
some awkward problems. The first step 
was taken when they were made to 
coincide on 1st January 1958. · It was 
realised that they would diverge because of 
the variations in the rate of rotation of the 
earth, and the question to be resolved was 
the amount of divergence that could be 
tolerated. The first figure suggested was 

D.Sc. in 1948 and was elected FRS in 
1960. He was awarded the Popov Gold 
Medal of the USSR Academy of 
Sciences in 1959 and, in the same 
year, the OBE. 
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0.1s and to keep within this tolerance the 
actual frequency of the transmissions was 
offset from its nominal value by a stated 
amount each year, and in addition oc
casional step adjustments of 0.1s had to be 
made to the timing pulses. A further move 
towards co-ordination was made in 1960 
when it was agreed with the RGO that all 
time signals transmitted from the UK 
would have the same epoch. 

It was of course rather illogical to offset 
the constant unit in order to accommodate 
the variations of the astronomical unit and 
strong efforts were made to end this situa
.tion particularly through the International 
Scientific Radio Union. A satisfactory so
lution became possible when astronomers 
agreed that the signals could diverge by as 
qmch as 0. 7s from astronomical time UTl. 
The frequency offset was eliminated, stan
dard frequency transmissions operated on 
their true nominal values and the timing 
pulses on them gave true atomic time in
tervals.· The divergence of the pulses from 
UTI was compensated by a step adjust
ment of preCisely 1s, when necessary on 
30th June or 31st December. This enabled 
the pulses to continue undisturbed but the 
marker distinguishing the 1 minute pulse 
was moved along by 1s. The use of these 
leap seconds enables the time signals to be 
maintained within 0.7s of UTI, and for 
those who need it, the difference from 
UTI is given more accurately by a code or 
Morse announcement. The only incon
venience caused to those measuring time 
•interval is the need to check whether there 
have been any leap seconds if the interval 
extends through June or December. The 
astronomer no longer had to struggle to 
derive a uniform time scale from the com
plex and non-uniform periodicities of the 
solar system, but could measure these 
periodicities in terms of the atomic clock. 

If I may finish on · a personal note, I 
often think how lucky I was to work in a 
branch of science which was advancing 
rapidly, which exploited many different 
techniques and in which there was full 
international co-operation. The problem 
being tackled at the NPL when I joined in 
1929 was the measurement of radio fre
quencies. The first solution was to mea
sure them in terms of a tuning fork main
tained in continuous oscillation. The 
accuracy achieved was 1 part in 107 which 
was considered by the Radio Research 
Board to be adequate for the foreseeable 
future, making further financial support 
unnecessary. The next advance was the 
quartz clock, which proved to be much 
more stable than the observatory pendu
lum clocks and gradually replaced them. 
They revealed an annual periodic change 
of 1 part in 108 in the rate of rotation of the 
earth. It was clear that any further im
provement was prevented by the uncer
tainty in the value of the astronomical 
second. In 1945 I.I.Rabi, at Columbia 
University, suggested that the atomic 
beam magnetic technique might be 
adapted to form the basis of an atomic unit 
of time. The atomic clock has not only 
made the measurement of time and fre
quency far easier but has increased its ac
curacy by about one million times. 
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. . arallel~tracking pickup arm . 
modifications and improvements 

A working model of the parallel
tracking pick-up arm, first described 
in the December 1979 and January 
1980 issues, drew widespread interest 
at a recent exhibition as well as 
several constructive proposals for 
improvements, some of which are 
detailed in this article. 

Two curious facts emerged from a showing 
of the parallel-tracking arm at the last 
Breadboard exhibition. Firstly, many 
people expressed doubts about their ability 
to construct an arm with sufficient accur
acy, even when building from a kit of 
parts. This problem seems to have magni
fied out of all proportion. The parallel
tracking arm is far more tolerant of · 
mechanical shortcomings in construction 
because of the "cleaning-up" effect of the 
servo system, and because of this particu
lar design of gimbals, the inherent advan
tages of which were explained in the 
original article. 

In addition, as the basic accuracy of the 
servo system is ±0.2 degrees which repre
sents about lmm at the stylus, precision 
assembly is simply not required. The 
human eye is very good at detecting 
parallelism and it is therefore not at all 
difficult to set up the reference arm and 
parallel track to well within this limit using 
an ordinary set-square and a straight rule. 

Moreover, the parts have specifically 
been designed to be adjusted - they are 

Construction is not as difficult 
as you might think: ~~precision 
assemb,l;y is simply not required" 

not pre-set _:_ and so any error in assembly 
can be adjusted out. The wear points such 
as bearings and pivots have been given 
particular attention in design so that any 
slack introduced by wear can also be ad
justed out. It is salutary to compare this to 
the lack of serviceability and the built-in 
obsolescence of much of the equipment qn 
the market today. 

The second emergent fact was that the 
principle of parallel tracking had been 
dismissed out -of-hand, even by those who 
had read the original article and the 
analysis by Randhawa on the grounds that 
"it only saves 0. 7% distortion, which isn't 
audible al)yway". Nothing could be 
further from the truth! There is in fact not 
one isolated advantage to this technique 
but a package of benefits as listed below. 
eReduction of tracking distortion, as 
already mentioned. 
eReduction of stereo delay-distortion with 
elliptical styli. 
ecapability for re-centering eccentric 
records. This deserves some comment as 
the design is the only one, as far as I know, 
which permits rapid and accurate correc
tion of eccentricity. There are two impor
tant effects of eccentricity. On some types 
of music, the "wow". introduced by this 
defect is audible. That re-centering makes 
an audible difference I know to be true, 
from results obtained from my record col
lection. Also, the eccentric record is con
stantly levering the arm to the left and 
right every revolution, working against the 

By Rod Cooper 

inertia of the arm and the friction of the 
pivots. Unfortunately the audible effects of 
wear from this source cannot yet be quan
tified, but the loading on the record sur
face can be calculated in a similar manner 
to that given later in this article for record 
warp, and is not negligible. 
eLow inertia of the arm means that 
seriously warped records, eg 6mm warp, 
can be tracked. The benefits gained by low 
inertia are similar to those achieved from 
re-centering the record - reduced wow 
and record wear. Again, the audible effects 
of wear are not quantifiable, but an 
analysis of the loading due to inertia is 
given at the end of this article. 

While the reduction in tracking distor
tion is probably not audible on its own to 
most people, when it is added to the audi
ble effects of the other three points, the 
result is noticeable. Add to this the in
creased "trackability" and reduction~ in 
record wear, and the parallel tracking 
technique can be justified on all grounds 
except that of cost. And the cost factor can 
be reduced to a minimum by building your 
own! 

Improvements . 
Pivot system. On the original design, the 
cup-type horizontal pivot tended to be a 
natural collector of dust. By inverting the . 
cup and placing the pivot pin underneath, 
this probiem can be avoided. However ~tis., 
then no longer possible to use the ptvot!' 
height adjustment to help correct for neu-
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tral equilibrium as suggested in the Jan
uary 1980 article because the effective 
height of the tracking arm above the hori
zontal pivot cannot now be altered. This is 
not so important as it might seem because 
the majority of modern cartridges can be 
set up for neutral equilibrium without hav
ing to resort to adjusting the horizontal 
pivots. With heavier-than-usual cartridges 
which cannot be set up by adjusting the 
vertical pivot, filing away some metal from 
the underside of the counterweight will 
help. 

Light slit. The light slit is also the cue rest, 
but it can also be adapted to perform a 
third function as dust bug. It is in the 
perfect position to do this as a brush at
tached to the light slit will clean the record 
just in advance of the stylus. It can be 
raised for cleaning simply by cue-ing the 
arm, and as it is earthed can be used to 
remove static by incorporating carbon 
fibres in the brush. 

Lead-out wiring. Litz wire can be used to 
greater effect than first realised. Because 
individual strands of litz wire are insulated 
it is possible to conduct most of the signals 
in just a couple of wires. The soldering 
technique for such fine wire is more de-

·manding, but the unwanted forces intro
. duced by the lead-out wires at the point 

where they exit from the tracking arm are 
reduc.ed, considerably. 

Tracking arm. The diameter of the dura
lumin tube used for the tracking arm has 
been increased to 9.5mm. The original 
smaller-diameter tubing performed well 
with most types of cartridge, but with the 
increased use of moving-coil cartridges I 
felt that a much stiffer tube was needed. A 
comparison of the new arm with a conven
tional arm is given at the end of this article. 

Slider (part 19). The material now recom
mended for this part is Nylon 66, which is 
a high-tensile grade of nylon and has far 
superior low-friction and low-wear proper
ties compared with the original brass/steel 

arrangement. It is also very easy to cut to 
shape. 

Drive cords. A superior material has been 
found in the form of round-section ex
panded neoprene cord. This is a soft, resi
lient cord which has excellent vibration 
absorbing properties, and which is de
signed to be joined with cyanoacrylate 
"super-glue" to form a fitted drive band. 

Acoustic isolation of the servo motor and 
gearbox was neatly solved by the introduc
tion of Sorbothane. This is a remarkable 
visco-elastic compound (modestly des
cribed by the manufacturer as "a signifi
cant advance in polymer technology") 
which can recover from deformations of 
more than 500% and which is very lossy to 
any mechanical excitation, typically 90% 
absorption. The texture is somewhere be
tween that of plasticene and soft rubber. 
Used as mounting pads for the servo as
sembly in place of the rubber grommets 
first specified, it gives superior results. It 
is also an excellent material for decoupling 
the counterweight. 

Gimbals. On the original model, if the 
horizontal pivot of the gimbals was 
knocked off the support pillars, there was 
nothing to stop them from going com
pletely adift. The design of the support 
pillars has therefore been modified to in-

. corporate the pivot pins in a U-shaped 
recess so that this cannot happen. The 
improved design is shown on page 43. 

Fast traverse. The criticism most often 
voiced concerned the two-minute return 
time, which was found by many to be 
inconveniently long, even for transcription 
purposes. This simple modification has 
been developed for a traverse time of just a 
few seconds. It can be retro-fitted to exist
ing machines. 

The modification consists of a second 
motor which drives the lead screw at speed 
without the assistance of the servo motor. 
Several constructors appear . to have tried 
this method already, by driving the lead 
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Modifications and improvements • 
shown on page 43 include simplified 
·side supports and pivots, new tracking 
arm, and fast traverse action and 
:slipping clutch, as well as a suggested 
alternative parallel track (bottom). 
'The track, which uses two steel rods 
instead of a long slot in a strip of 
aluminium alloy, is easier to make if 
;you have a drilling stand for an electric 
drill. Accuracy of the assembled track 
depends on the straightness of the 
•steel rods and not so much on the 
1accuracy of drilling (drill both plates 
together); this simplifies the task of 
producing a well-trued track. 
Precision-ground steel rod of Y4in 
diameter is readily available from 
engineers merchants and is not 
expensive. The rods are fixed into the 
'end plates with Loctite, which is 
allowed to set with the assembly 
resting on a flat surface such as a 
piece of plate glass. 

screw direct and simply slipping the drive 
band from the servo motor -not good 
practice because of the stretching and gen
erally increased wear of the drive band. It 
also puts an unfair strain on the miniature 
gears in the worm gear transmission. A 
much more acceptable method is to drive 
the lead screw indirectly as on page 4 3. 

By using a double-groove pulley wheel 
with a slipping clutch on the output shaft 
of the servo gearbox, the drive bands are 
operated within their limits, and the slip
ping clutch relieves the gear wheels inside 
the gearbox of excessive strain. Such a 
slipping clutch is easy to construct from a 
couple of wavy-type spring washers and set 
collars, as shown on page 43. 

The servo motor now has to overcome 
the magnetic drag of the second motor 
during normal operation, if this second 
motor is a permanent-magnet type. This is 
avoided by applying a small bias current 
to the second motor of a value that will 
overcome the drag but not make the motor 
revolve. This can be done by a suitable 
resistor via the switching network. Alter
natively, a motor with a field coil can be 
used, avoiding this requirement alto
gether. But whichever type of motor is 
used, it needs to be sufficiently powerful to 
overcome the slipping clutch and drive the 
lead screw; without the advantage of the 
reduction gearbox that the servo motor 
employs. There is no requirement for it to 
be vibration-free or quiet running like the 
servo motor, so a relatively robust and 
inexpensive motor can be used. 

The new arm is of the same aluminium 
alloy as the Mk 1, HT30TF, which is a 
hard alloy fully heat-treated and cannot be 
manipulated (eg drawn, bent or com
pressed) in the usual way without 
cracking. The diameter of the 9.5mm tube 
was chosen to give an increase in overall 
stiffness over the Mk 1 arm. Wall 

• 

Alternative to original parallel track 

comprising two steel rods is easier to make 
if you have an electric drill and stand. 
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thickness remains the same at 22s .w.g. 
The cartridge holder design has been mod-
ified to fit directly onto the end of the 
tracking arm instead of sliding along it. . 
The weight of lOOcm of the 9.5mm tubing 
is a mere SSgm. 

Inertia of arm 
without cartridge 
The inertia of the arm from pivot to stylus 
position can be assumed as that of a uni
form circular cylinder 18cm long, ignoring 

·difference in mass between cartridge 
holder and tubing. This is 

( 
az z2 ) 

farm=~ 4+3 

where a is the cylinder radius, l the length 
and M the total mass, and I arm the inertia 
about the pivot. Substituting the value 
lOgm forM, 18cm for l and ignoring a 
(which is small) then Iarm is 1080gm cm2. 

To this must be added the inertia of the 
counterweight, lew' about the pivot. Using 
the same formula and substituting the 
-values 80gm forM, 2.5cni for land 1.2cm 
for a · then lew is 185gm cm2• The~e 
measurements for a and l are taken with 
the arm in the equilibrium position 
without the cartridge. Thus the total 
inertia is 1080+ 185gm cm2 = 1265gm cm2. 

Now Me=lr0 r/R2
, where Me is the mass 

referred to the stylus point, Iror is the total 
inertia of the arm about the pivot and R is 
the pivot to stylus distance. Substituting 
the values 1265gm cm2 for Iror and 18cm 
for R, then Me is 3.9gm. 

Comparison of new arm 
with conventional arm 
As R and l are roughly equal in any arm 
the terms in R 2 cancel out in the equatio~ 
for Me which becomes MeocM. Thus if the 
same tubing is used for both an 18cm arm 
and a 23cm arm, then the overall mass 
will clearly be less for the 18cm arm. The 
actual figure is 22% less, but is not 
meaningful for the reasons given below. 

More important is the large reduction in 
inertia for the 18cm arm. As IarmocR2 a 
small reduction in R will lead to a large 
reduction in Iarm· A simple calculation 
shows that an 18cm arm will have 39% less 
inertia than a 23cm arm made from the 
same material. 

This effect is exaggerated by the car
tridge being mounted at the very end of 
the arm. The inertia Ie of a cartridge, of 
mass Me at ther end of an arm length~ is 
MeR 2

• A typical cartridge of mass Sgm 
mounted at the end of an arm of 18cm has 
therefore an Ic value of 1620gm cm2 due 
solely to its own mass. The same cartridge 
mo~.mted on a 23cm arm will have an Ie 
value of2645gm cm2! 

Because the manufacturers of conven
tional arms cannot influence the mass of 
the cartridges as made by the specialist 
firms, or even reduce the length of their 
arm designs without running into other 
problems, most of them attempt to reduce 
inertia by using exotic materials for con-

One way of achieving faster traverse is to 
use a second, inexpensive, motor with 
slipping clutch. 

· struction, or by using ultra-thin walled 
tube. As has been shown above, this is the 
least effective method of reducing inertia 
because it only reduces M. The most · 
effective method is to shorten the arm, 
because of the presence of R 2 in the inertia 
equations. 

Making use of exotic materials has good 
marketing appeal because of the aura sur
rounding titanium, carbon fibre etc. but it 
does not make good economic sense as it 
costs a lot for little gain. Using thinner 
sections is not good practice because the 
arm becomes less able to withstand the 

· knocks and bumps of everyday use. Also, 
the thinner the material, the more likely it 
is to flex. 

In the design of the new arm, the design 
principle has been quite different. A relati
vely robust straight stiff tube has been 
specified to give good rigidity. A light-

Born and raised in Birmingham, Rod 
Cooper now lives in Lichfield, working 
as Sales Manager for the electronics 
·repair and calibration laboratory of 
DMR Ltd of Nottingham. A mechanical•. • 
engineering background and an in- ' 
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weight but inexpensive material has been 
chosen to get the economics right, and give 
reasonable overall mass. But more impor
tant, the arm length ·has been specified to 
give a large reduction in overall inertia 
without running into the problems asso
ciated with arms that are too short (e.g. 
stability, and the need for fail-safe tracking 
iu case of servo failure). 

This approach provides all the potential 
, for a radical improvement in performance 

over the conventional arm. 
Of what practical importance is Me? 

Firstly it influences the resonant frequency 
of the pickup arm and cartridge combina
tion, . according to the equation 
foll2n~ where Cis the compliance 
of the stylus. With modern high
compliance cartridges a low value of Me is 
a prime requirement for avoidance of 
resonance problems. (See page 64 of April 
1978 Wireless World for an analysis of these 
problems.) 

· Secondly, Me influences record wear as 
mentioned earlier. Take the case of a 
:record with a lmm warp, which is not an 
uncommon amount even on a new record. 
This is taken to mean lmm up and 1mm 
down from the mean record surface level 
in the following calculation. 

For every revolution the record surface 
has to work against Me, the work done 
against g by moving distance d being Med 
ergs. In this case d will be 0.2cm. Now, 
one state-of-the-art conventional tracking 
arm that has just appeared on the market 
has an Me of just 9gm. If a typical disc of 
650 grooves is played say once a week for 
five years with this arm then the work 
done against Me will be 315,900 ergs. This 
is equivalent to lifting a 63kg man approxi
mately Scm into the air. Remember, this 
work is being.done by the delicate playing 
surfaces of the record! If the same disc is 
played with a parallel-tracking arm of Me 
only 4gm, then the work done will be only 
140,400 ergs, or 56% less. These figures 
speak for themselves. 

. Carbon fibre, neoprene cord, Nylon 66, and 
other components are available from J. Biles 
Engineering, 120 Castle Lane, Solihull, West 
:Midlands B92 8RN. 

terest in applying electronics to the llflitlii•• 
solution of mechanical problems un- ,._ __ _ 

doubtedly contribute to the success of 
his parallel-tracking pickup arm de
sign (not forgetting the mercury pick
up switch, April 1980) and, coming 
soon, an electronic ignition circuit. 
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Digital storage and analysis 
of speech 

1 -Storing waveforms digitally 

by lan H. Witten, M.A., M.Sc., Ph.D., M.I.E.E. University of Calgary 

One of the difficulties with digital 
speech storage and analysis is that 
new signal-processing techniques 
have been developed to handle digital 
signals. Since these only appeared 
recently, and are rather mathematical, 
they are not understood very widely. 
Concepts like the z-transform, the 
discrete Fourier transform, and digital 
filters are quite ;.mfamiliar to many 
practising electronic engineers~ 
Although there are several textbooks 
on the subject, nearly all of them treat 
it in a frighteningly theoretical and 
abstract way. The aim of this article is 
to introduce some of these ideas in a 
down-to-earth manner by putting 
them in the practical context of the 
speech waveform. 

Computer-generated speech is still a rather 
esoteric subject, despite the explosive 
growth in practical applications that we are 
witnessing. Texas Instrument's Speak 'n 
Spell toy - now about three years old - is 
probably the best example of a consumer 
device that uses speech output. But there 
are others. Cheap speech synthesizers in
tended for hobby computers have been on 
the market for several years now, as has a 
talking calculator. Digital transmission of 
speech is used in the telephone network, 
and the new System X exchange developed 
by the Post Office uses messages stored in 
digital form to guide the user and tell him 
what is happening to his call. Note that 
analogue storage of speech has been used in 
the telephone service for many years, for 
the speaking clock, weather forecasts, and 
even bedtime stories. 

Analogue storage of speech. The most 
familiar device that produces speech out
put is the ordinary tape recorder. 
However, this is unsuitable for speech out
put from computers. One reason is that it 
is difficult to access different utterances 

· quickly: although random-access tape re
corders do exist, they are expensive and 
subject to mechanical breakdown because 
of the stresses associated with frequent 
starting and stopping. 

Storing speech on a rotating drum in
stead of tape offers the possibility of access 
·to any track within one revolution time. 
For example, the IBM 7770 Audio Res
ponse Unit, employs drums rotating twice 
a second which are able to store up to 

thirty-two 500 ms words. These can be 
accessed randomly, within half a second at 

most. Although one can arrange to store 
longer words by allowing overflow on to an 
adjacent track at the end of the rotation 
period, the discrete time-slots provided by 
this system make it virtually impossible for 
it to generate connected . utterances by as
sembling appropriate words from the 
store. 

The Cognitronics Speechmaker has a 
similar structure, but with the analogue 
speech waveform recorded on photo
graphic film. Storing audio waveforms op
tically is not an unusual technique, for this 
is how soundtracks are recorded on ordi
nary films. The original version of the 
"speaking clock" of the British Post Office 
used optical storage in concentric tracks on 
flat glass discs. This was developed in the 
mid 1930s, and synchronization of 
utterances with real time was achieved in 
an intriguing manner. A 4 Hz signal from a 
pendulum clock was used to supply cur
rent to an electric motor, which drove a 
shaft equipped with cams and gears that 
rota ted the glass discs con raining 
utterances for seconds, minutes and hours 
at appropriate speeds! 

A second reason for avoiding analogue . 
storage is price. It is difficult to see how a 
random-access tape recorder could be in
corporated into a talking pocket calculator 
or child's toy without considerably inflat
ing the cost. Solid-state electronics is much 
cheaper than mechanics. 

But the best reason is that, in many 
applications of speech storage, it is neces
sary to form utterances by linking together 
separately recorded parts. It is totally in
feasible, for example, to store every pos
sible telephone number as an individual 
recording! And utterances that are formed 
by linking individual words which were 
recorded in isolation, or in a different 
context, do not sound completely natural. 
For example, in an experiment performed 
in 1960, individual words were recorded 
on acoustic tape, which was spliced with 
the words in a different order to make 
sentences. The result was played to 
subjects who were scored on the number of 
key words which they identified correctly. 

·The overall conclusion was that while em
bedding a word in normally spoken sen
tences increases the probability of 
recognition (because the extra context 
gives clues about the word), embedding a 
word in a constructed sentence, where in
tonation and rhythm are not properly ren
dered, decreases the probability of 
recognition. When the speech was uttered 

slowly, however, a considerable improve
ment was noticed, indicating that if the 
listener has more processing time he can 
overcome the lack of proper intonation and 
rhythm. 

Nevertheless, many present-day voice 
response systems do store what amounts to 
a direct recording of the acoustic wave. 
However, the storage medium is digital 
rather than analogue. This means that 
standard computer storage devices can be 
used, providing rapid access to any seg
ment of the speech at relatively low cost -
for the economics of mass-production en
sures a low price for random-access digital 
devices compared with random-access 
analogue ones. Furthermore, it reduces 
the amount of special equipment needed 
for speech output. One can buy very cheap 
speech input/output interfaces for home 
computers which connect to standard 
hobby buses. Another advantage of digital 
over analogue recording is that solid-state 
r.o.ms can be used for hand-held devices 
which need small quantities of speech. 
Hence this article begins by showing how 
waveforms are stored digitally, and then 
describes some techniques for reducing the 
data needed for a given stretch of speech. 

Digital storage. When an analogue signal 
is converted to digital form, it is made 
discrete both in time (sampling) and in 
amplitude (quantizing). Much of the 
theory of digital signal processing investi
gates signals which are sampled but not 
quantized (or quantized into sufficiently 
many levels to avoid inaccuracies). The 
operation of quantization, being non
linear, is not very amenable to theoretical 
analysis, since it introduces issues such as 
accumulation of round-off noise in arith
metic operations, which, although they are 
very important in practical implementa
tions, can only be treated theoretically un
der· certain somewhat unrealistic assump
tions (in particular, independence of the 
quantization error from sample to sample). 

Sampling 
A fundamental theorem of telecommuni
cations states that a signal can only be 
reconstructed accurately from a sampled 
version if its highest component frequency 
is less than half the frequency at which the 
sampling takes place. Figure l(a) shows 
how a component of slightly greater than 
half the sampling frequency can masque
rade, as far as an observer with access only 
to the sampled data can tell , as a compo-
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Fig. 1 Different sine waves which appear 
the same when sampled 
(a) components near half the sampling 
frequency 
(b) a component at just under the sampling 
frequency and its low-frequency equivalent 

nent at slightly less than half the sampling 
' frequency. Call the sampling interval T 
seconds, so that the ~ampling frequency is 
liT Hz. Then components at 112T + J, 
3!2T - f, 312T + f and so on all masque
rade as a component at 112T - f. 
Similarly, components at frequencies just 
under the sampling frequency masquerade 
as very low-frequency components, as 
shown in Fig: 1 (b). This phenomenon is 
often called "aliasing". · 

Thus the continuous, infinite, fre
quency axis for the unsampled signal, 
where two components at different fre
quencies can always be distinguished, 
maps into a repetitive frequency axis when 
the signal is sampled. As depicted in Fig. 
2, the frequency interval [1/T, 2/T)* is 
mapped back into the band [0, liT), as are 
the intervals [2/T, 3/T), [3/T, 4/T), and so 
on. Furthermore, the interval [112T, liT) 
between half the sampling frequency and 
the sampling frequency, is mapped back 
into the interval below half the sampling 
frequency; but this time the mapping is 
backwards, with frequencies at just under 
liT being mapped to frequencies slightly 
greater than zero, and frequencies just 
over 112T Q.eing mapped to ones just under 
112T. The best way to represent a repeat
ing frequency axis like this is as a circle. 

* Intervals are specified in brackets, with a 
square bracket representing a closed end of the 
interval and a round one representing an open 
one. Thus the interval [liT, 2/D specifies the 
. range liT < frequency < 2/T. 

Figure 3 shows how the linear frequency 
a~s for continuous systems maps on to a 
circular axis for sampled systems. For pre
sent purposes it is easiest to imagine the 
bottom half of the circle as being reflected 
into the top half, so that traversing the 
upper semicircle in the anticlockwise 
direction corresponds to frequencies in
creasing from 0 to 112T (half the sample 
frequency), ·and returning along the lower 
semicircle is actually the same as coming 
back round the upper one, and corre
sponds to frequencies from 112T to liT 
being mapped into the range 112T to 0. 

As far as speech is concerned, then, we 
must ensure that before sampling a signal 
no significant components at greater than 
half the sample frequency are present. 
Furthermore, the sampled signal will only 
'contain information about frequency com
ponents less than this, so the sample fre
quency must be chosen as twice the high
est frequency of interest. The telephone 
network aims to transmit only frequencies 
lower than 3.4 kHz. This region will con
tain the information-bearing formants, and 
some - but not all - of the fricative and 
aspiration energy*. Transmitting speech 
through the telephone system degrades its 
quality very significantly, probably more 
than you realize since everyone is so accus
tomed to telephone speech - try the dial
a-disc service and compare it with high
fidelity music for a striking example of the 
kind of degradation suffered. 

Since speech contains significant 
amounts of energy above 3.4 kHz, it 
should be filtered before sampling to re
move this. Otherwise, the higher compo
nents would be mapped back into the base
band and distort the low-frequency 
information. Because it is difficult to make 
filters that cut off very sharply, the sam
pling frequency is chosen to be rather 
greater than twice the highest frequency of 
interest; for example, the digital telephone 
network samples at 8 kHz. The pre-sam
pling filter should have a cutoff frequency 
of 4 kHz; aim for negligible distortion 
below 3.4 kHz; and transmit negligible 
components above 4.6 kHz -for these are 
reflected back into the band of interest, 
namely 0 to 3.4 kHz. Figure 4 shows a 
block diagram for the input hardware. 

Quantization 
Before considering specifications for the 
pre-sampling filter, let us turn from sam
pling in time to amplitude quantization. 
This is performed by an a-to-d converter 

*See "The Chatterbox," Wireless World 84 and 
85 (December 1978 and January 1979), for a 
simple explanation of formants, frication, and 
aspiration. 

Speech in Pre -sampling 
filter 

(low pass) 
Sampler 
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(analogue-to-digital), which takes as input 
an analogue voltage (produced by the 
sampler) and generates a corresponding 
binary value as output. The simplest corre
spondence is uniform quantization, where 
the amplitude range is split into equal re
gions by points termed "quantization 
levels", and the output is a binary repre
sentation of the nearest quantization level 
to the input voltage. Typically, 11-bit 
conversion is used for speech, giving 2048 
quantization levels, and the signal is ad
justed to have zero mean so that half the 
levels correspond to negative input 
voltages and the other half to positive ones. 

It is, at first sight, surprising that as 
many as 11 bits are needed for adequate 
representation of speech signals. Research 
on the digital telephone network, for 
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1 
r 

1 
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3 
2f 

.1._ 
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T 

Fig. 2 How sampling "folds" the frequency 
spectrum 

(and 
3 5 
ff'Zf' 

Fig. 3 The circular frequency axis of 
sampled systems 

Quantizer 

Digitized 
representation 

Passband : 0- 3 ·4kHz 
Stopband : 4·6kHz: up 

Sampling ~ate 
8kHz 

11-bif linear 
a-to-d converter 

Fig. 4 Block diagram of input hardware for speech digitization 
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example, has concluded that a signal-to
noise ratio of some 30 dB is enough to 
avoid poor speech quality, loss of intelligi
bility, and listener fatigue for speech at a 
normal level. But 11-bit' quantization 
seems to give a very much better signal-to
noise ratio than this figure. To estimate its 
magnitude, note that for N-bit quantiza
tion the error for each sample will lie be-
tween 

-l!z.z-N and +l!z.2-N. 
Assuming that it is uniformly distributed 
in this range - an assumption which is 
likely to be justified if the number of levels 
is sufficiently large - leads to a mean
squared error of 

f
z-N- l 

~fSS21e, 

where p(e), the probability density func
tion of the error e, is a constant which 
satisfies the usual probability normaliza
tion constraint, namely 

f
z-N- 1 

p(e)de = 1. 
_ z-N- 1 

Hence p(e) = 2N, and so the mean-squared 
error is 2-ZN/12. This is 10logw(2-2NI12) 
dB, or around -77 dB for 11-bit quantiza
tion. 

This noise level is relative to the maxi
mum amplitude range of the conversion. A 
maximum-amplitude sine wave . has a 
power of -9 dB relative to the same refer
ence, giving a signal-to-noise ratio of some 
68 dB. This is far in excess of that needed 
for telephone-quality speech. However, 
look at the very peaky nature of the typical 
speech waveform given in Fig. 5. If clip-

Fig. 5 Typical speech waveform 

ping is to be avoided, the maximum ampli
tude level of the a-to-d converter must be 
set at a value which makes the power of the 
speech signal very much less than a maxi
mum-amplitude sine wave. Furthermore, 
different people speak at very different 
volumes, and the overall level fluctuates 
constantly with just one speaker. Exper
ience shows that while 8- or 9-bit quantiza
tion may provide sufficient signal-to-noise 
ratio to preserve telephone-quality speech 
if the overall speaker levels are carefully 
controlled, about 11 bits are generally re~ 
quired to provide high-quality representa
tion of speech with a uniform quantiza
tion. With 11 bits, a sine wave whose 

-1 .:.o.e -0·6 -0·4 -0·2 
INPUT 

A-law is defined 
for negative inputs 

O·B 

-0·8 

A -!ow defined as zero 
for zero input 

0·2 0·6 

I.---Logarithm diverges 
I when input is zero 
I 
I 
I 
I 
I 
I 
I 
I 
I 

47 

0·8 
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amplitude is only 1132 of the full-scale 
value would be digitized with a . signal-to
noise ratio of around 36 dB, which is not 
much greater than the figure mentioned 
above for adequate quality. Even then it is 
useful if the speaker is provided with an 
indication of the amplitude of his speech: a 
'traffic-light indicator with red signifying 
clipping overload, orange a suitable level, 
and green too low a value, is often conve
nient for this. 

Logarithmic quantization 
For the purposes of speech processing, it is 
essential to have the signal quantized uni
formly. This is because all of the theory 
applies to linear systems, and nonlineari
ties introduce complexities which are not 
amenable to analysis. Uniform quantiza
tion, although a nonlinear operation, is 
linear in the limiting case as the number of 
levels becomes large, and for most pur
poses its effect 'can be modelled by assum
ing that the quantized signal is obtained 
from the original analogue one by the addi
tion of a small amount of uniformly-distri
buted quantiiing noise, as in fact was done 
above. Usually the quantization noise is 
disregarded in subsequent analysis. 

However, the peakiness of the speech 
signal illustrated in Fig. 5 leads one to 
suspect that a non-linear representation, 
for example a logarithmic one, could pro
vide a better signal-to-noise ratio over a 
wider range of input amplitudes, and 
hence be more useful than linear quantiza
tion - at least for speech storage (and 
transmission). And indeed this is the case. 
Linear quantization has the unfortunate 
effect that the absolute noise level is inde
pendent of the signal level, so that an ex
cessive number of bits must be used if a 
reasonable ratio is to be achieved for peaky 
signals. It can be shown that a logarithmic 
representation like 

y = 1 + k log x, 

Fig. 6 Piecewise linear approximation to 
the A-law input/output relationship 

where x is the original signal and y is the 
value which is to be quantized, gives a 
signal-to-noise ratio which is independent 
of the input signal level. This relationship 
cannot be realized physically, for it is un
defined when the signal is negative and 
diverges when it is zero. However, realiza
ble approximations to it can be made 
which retain the advantages of constant 
signal-to-noY,e ratio within a useful range 
of signal amplitudes, one widely used ap
proximation being called called the A-law. 
The idea of non-linearly quantizing a sig
nal to achieve adequate signal-to-noise 
ratios for a wide variety of amplitudes is 
called "companding", a contraction of 
"compressing-expanding". The original 
signal can be retrieved from its A-law com
pression by antilogarithmic expansion. 

Figure 6 shows one common 8-bit 
coding scheme which is a piecewise linear 
approximation to the A-law. This provides 
an 8-bit code, and gives the equivalent of 
12-bit linear quantization for small signal 
levels . It approximates the A-law in 16 
linear segments, 8 for positive and 8 for 
negative inputs. Consider the positive part 
of the curve. The first two segments, -
which are actually collinear, correspond 
exactly to 12-bit linear conversion. Thus 
the output codes 0 to 31 correspond to 
inputs from 0 .to 3112048, in equal steps. 
(Remember that both positive and nega
tive signals must be converted, so a 12-bit 
linear converter will allocate 2048 levels for 
positive signals and 2048 for negative 
ones.) The next segment provides 11-bit 
linear quantization, output codes 32 to 47 
corresponding to inputs from 16/1024 to 
3111024. Similarly, the next segment cor
responds to 10-bit quantization, covering 
inputs from 16/512 to 31/512. And so on, 
the last section giving 6-bit quantization of 
inputs from 16/32 to 31132, the full-scale 
positive value. Negative inputs are 
converted similarly. For signal levels of 
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less than 32/2048, that is 2-8' this imple
mentation of the A-law provides fu1112-bit 
precision. As the signal level increases, the 
precision decreases gradually to 6 bits at 
maximum amplitudes. 

Logarithmic encoding provides what is 
in effect a floating-point representation of 
the input. The conventional floating-point 
format, however, is not used because many 
different codes can represent the same 
value. For example, with a 4-bit exponent 
preceding a 4-bit mantissa, the words 
0000:1000, 0001:0100, 0010:0010, and 
0011:0001 represent the numbers 0.1 x 
2°,0.01 X 21,0.001 X 22, and 0.0001 X 23 · 

respectively, which are the same. (Some 
floating-point conventions assume that an 
unwritten "1" bit precedes the mantissa, 
except when the whole word is zero; but 
this gives decreased resolution around zero 
--. which is exactly where we want the 
resolution to be greatest.) Table 1 shows 
the 8-bit A-law codes, l;lCCording to the 
piecewise linear approximation of Fig. 6, 
written in a notation which suggests float
ing point. Each linear segment has a dif
ferent exponent except the first two seg
ments, which as explained above are 
collinear. 

Logarithmic encoders and decoders are 
available as single-chip devices called "co
decs" (for "coder/decoder"). Intended for 
use on digital communication links, these 
generally 'provide a serial output bit
stream, which should be converted to 
parallel by a shift register if the data is 
intended for a computer. Because of the 
potentially vast market for codecs in tele
communications, they are made in great 
quantities and are consequently very 
cheap. Estimates of the speech quality 
necessary for telephone applications indi
cate that somewhat less than this accuracy 
is needed - 7-bit logarithmic encoding 
was used in early digital communications 
links, and it may be that even 6 bits are 
adequate. However, during the transition 
period when digital networks must coexist 
with the present analogue one, it is antici
pated that a particular telephone call may 
have to pass through several links, some 
using analogue technology and some being 
digital. The possibility of several succes
sive encodings and decodings has led tele
communications engineers to standardize 
on 8-bit representations, leaving some 
margin before additional degradation of 
signal quality becomes unduly distracting. 

Unfortunately, world telecommuni
cations authorities cannot agree on a single 
standard for logarithmic encoding. The A
law, which we have described, is the 
European standard, but there is another 
system, called the 11-law, which is used 
universally in North America. It also is 
available in single-chip form with an 8-bit 
code. It has very similar quantization error 
characteristics to the A-law, and would be 
indistinguishable from it on the scale of 
Fig. 6. 

The pre-sa m pling filter 
Now that we have some idea of the accur
acy requirements for quantization, let us 
discuss quantitative specifications for the 

·pre-sampling filter. Figure 7 sketches the 

characteristics of this filter. Assume a sam
pling frequency of 8 kHz and a range of 
interest from 0 to 3.4 kHz. Although all 
components at frequencies above 4 kHz 
will fold back into the 0-4 kHz baseband, 
those below 4.6 kHz fold back above 3.4 
kHz and are therefore outside the range of 
interest. This gives a "guard band" be
tween 3.4 and 4.6 kHz which separates the 
passband from the stopband. The filter 
should transmit negligible components in 
the stopband above 4.6 kHz. To reduce 
the harmonic distortion caused by aliasing 
to the same level as the quantization noise 
in II-bit linear conversion, the stopband 
attenuation should be around -68 dB (the 
signal-to-noise ratio for a full-scale · sine 
wave). Passband ripple is not so critical, 
for two reasons. Whilst the presence of 
aliased components means that informa
tion has been lost about the frequency 
components within the range of interest, 
passband ripple does not actually cause a 
loss of information but only a distortion, 
and could, if necessary, be compensated 
by a suitable filter acting on the digitized 
waveform. Secondly, distortion of the 
passband spectrum is not nearly so audible 
as the frequency images caused by aliasing. 
Hence one usually aims for a passband 
ripple of around 0.5 dB. 

Pass band I 
I 
I 
I 

Guard band ---r--
1 
I 
I 
I 

FREQUENCY (Hz) Sampling 
frequency 

Stop band 

Fig. 7 General characteristics of the pre
sampling filter 

The pass and stopband · targets we have 
mentioned above can be achieved with a 
9th order elliptic filter. While such a filter 
is often used in high-quality signal-proces
sing systems, for telephone-quality speech 
much less stringent specifications seem to 
be sufficient. Figure 8, for example, shows 
a template which has been recommended 
by telecommunications authorities . A 5th 
order elliptic filter can easily meet this 
specification. Such filters, implemented by 
switched-capacitor means, are available in 
single-chip form . Integrated c.c.d. filters 
which meet the same specification are also 
marketed. Indeed, some codecs provide 
input filtering on the same chip as the a-to
d converter. 

Instead of implementing a filter by anal
ogue means to meet the aliasing specifica
tions, digital filtering can be used. A high 
sample-rate a-to-d converter, operating at, 
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Fig. 8 Specifications of the pre-sampling 
filter for telephone-quality speech 

say, 32 kHz, and preceded by a very 
simple low-pass pre-sampling filter, is fol
lowed by 'a digital filter which meets the 
desired specification, and its output is 
subsampled to provide an 8 kHz sample 
rate. While such implementations may be 
economic where a multichannel digitizing 
capability is required, as in local telephone 
exchanges where the subscriber connec~ 
tion is an analogue one, they are unlikely 
to prove cost-effective for a single cha~nel. 

continued on page 59 

Table f 8-bit A-law codes, with their float
ing-point equivalents. 

8-bit codeword 

-·I.- -I 
sign exponent mantissa 
bit 

codeword interpretation 
0000 0000 .oooo x 2-7 

0000 111I .1111x2-7 

0001 0000 2-7 + .oooo x z-7 

0001 1111 2-7 + .1111 x z-7 

0010 0000 2-6 + .oooo x z-6 

0010 1111 2-6 + .n11 x 2-6 

0011 0000 2-5 + .oooo x z-5 

0011 1111 2- 5 + .1111 x z-5 

0100 0000 2-4 + .oooo x z-4 

0100 1111 2-4 + .1111 x 2-4 

0101 0000 2-3 + .oooo x 2-3 

0101 1111 2-3 + .1111 x 2-3 

0110 0000 z-2 + .oooo x z-2 

0110 1111 2-2 + .I11I x 2-2 

0111 0000 2- 1 + .oooo x 2- 1 

0111 1111 z- 1 + .1111 x 2- 1 

1000 0000 - .oooo x 2-7 

1111 1111 -2-1 - .1111 x 2- 1 

Negative numbers treated as above, with a 
sign bit of I 

WIRELESS WORLD JULY 1981 49 

Long distance television reception 

In these occasional articles, the 
authors w ill introduce readers to the 
hobby of long-distance television 
reception, or DX·tv as it is often 
called, and pass on their experiences 
as dedicated amateurs. This first part 
discusses how. tv signals are affected 
by weather and atmospheric 
conditions, basic tv set requirements, 
simple aerials and signal 
identification. 

There are many factors, such as transmit
ter powers and terrain, which will in
fluence the range over which ·a television 

· signal can be reliably received, but in gen
eral, the strength of the signal becomes 
weaker as the distance between the 
transmitter and receiver increases. Relia
ble reception is normally limited to ap
proximately 70 miles from the transmitter. 

Readers have probably noticed that the 
strengths of signals from the more distant 
transmitters vary during certain weather 
conditions. Distant signals, which are nor
mally very weak, may become comparable 
in strength to that of the local transmitter 
for a matter of hours, or even days. 

Sometimes a distant signal will be re
ceived on the same channel as the local 
transmitter. This is termed 'co-channel 
reception' (or interference, depending on 
whether you are an enthusiast or a viewer). 
These temporary extensions in the range of 
disant signals are connected with varia
tions in the . troposphere, which extends 
from the earth's surface to about 20,000ft 
above. For exa~ple, when an anticyclonic 
weather condition exists, together with a 
cold front stretching between Scandinavia 
and the UK, a temperature inversion in 
the troposphere usually takes place. Tem
perature inversions enhance long-distance 
television reception. 

Fortunately for the average viewer, but 
not for the DX-tv enthusiast, widespread 
interference on u.h.f. television caused by 
tropospheric conditions of the type des
cribed above is relatively rare. Enhanced 
reception on Bands I and III is also asso
ciated with these conditions. 

Ionized patches in the E layer of the 
atmosphere often cause interference on 
Band I frequencies between early May and 
September. The E layer is between about 
60 and 80 miles above the earth's surface. 
Before BBC 1 transmissions were 
duplicated on u.h.f., viewers had to rely 
on 405-line UK Band I transmissions, on 
which sporadic E signals would cause quite 

1 - An introduction 

by Keith Hamer and Garry Smith 

a lot of interference. This interference of
ten manifested itself as a herringbone pat
tern superimposed on the picture which 
could last for up to several hours. At times, 
the BBC 1 picture was totally obliterated. 
Viewers relying on channel 2 might also 
have experienced a loud buzz on the sound 
channel from the video signal of foreign 
transmissions on the same frequency. Un" 
fortunately, there was little the viewer 
could do apart from switch over to lTV or 
turn off the set! Later, in some areas, the 
BBC duplicated their BBC I transmissions 
on higher frequencies in Band III to help 
,overcome the problem. 

If the viewer was curious enough to tune 
through the Band I frequencies while spo
radic E signals were present, he/she would 
obtain video information resembling a 
mass of unlocked white lines without the 
sound channel. At other frequencies, a 
distorted sound signal may have been pre
sent. The reason for the unlocked video is 
fairly simple: The 405-line system, as used 
on the v.h.f. channels in the UK, employs 
positive video . modulation whilst most 
Continental countries employ a 625-line 
system with negative video modulation. 
This is in some ways similar to our own 
625-line system but with different sound 
and vision spacings and channel band
widths. Also, most Continental countries 
employ the 625-line system on both ·v.h.f. 
and u .h.f. channels, unlike our own 
system which is only used on the u.h.f. 
channels. We will cover the difference in 
transmission standards in greater detail in 
a subsequent article. 

Some readers will have already realised 
that, as the European 625-line system is 
similar to our own, we should, at certain 
times, be able to resolve u.h.f. television 
signals from the Continent on a standard 
u.h.f. receiver designed for use in the UK. 
This is precisely the case and if your exist
ing u.h.f. receiving aerial is already 
directed towards the Continent, you 
should be able to receive Continental 
transmissions when the right atmospheric 
conditions exist. It is unlikely that the 
sound channel will be received because of 
the different sound and vision spacings in 
use but good quality colour pictures may 
be received . It is possible to re-tune the 
sound stages of the receiver but, unless 
you are well versed in foreign languages, 
there is little point.* 
. Resolving signals· enhanced by sporadic 

* On Dutch television many programmes are in English 
with Dutch subtitles . - Ed . 
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Fig. 1. A simple dipole for frequencies 
around 55MHz. 

E in Band I is slightly more difficult due to 
the greater differences in transmission 
standards. We have already said that a 625-
line signal received under sporadic E con
ditions will show up as a mass of unlocked 
white lines when displayed on the screen of 
a British receiver operating on 405-lines 
v.h.f. To resolve these signals the receiver 
will need to operate on. the 625-line system 
but with the tuner covering v .h.f. frequen
cies. Fortunately the problem can be 
overcome in several wa,ys. 

Certain portables are available which 
were originally intended for the European 
market. These sets have 625-line coverage 
on Bands I and III and this is probably the 
easiest way round the problem. 

If an old dual-standard receiver is on 
hand it may be modified so that band 
selection, that is u.h.f. to v.h .f., is inde
pendent of the system switch setting. The 
system switch is left permanently in the 
625-line position. 

If a single-standard receiver- is available, 
it is possible to fit an additional inexpen
sive tuner and incorporate a change-over 
switch at the i.f. input to select the output 
from the existing u.h.f. tuner or the addi
tional v.h.f. tuner. The latter two sugges
tions will of course depend on the compe
tence of the individual to carry out such 
modifications. 

Another way is to employ a frequency 
converter which is connected directly to 
the aerial input of a single-standard re
ceiver. Such converters are sometimes 
used in conjunction with communal aerial 
distribution systems, in which translated 
u.h.f. signals are distributed at v.h.f. fre
quencies, to minimise cable losses, and a 
converter at the receiver converts the sig
nals back to u.h.f. Hence, if we feed the 
input of the converter with a DX signal in 
Bands I or III, the unit will translate the 
signals to a u.h.f. frequency to enable a 
single-standard receiver to be used for 
both systems. Suitable converters may be 
obtained from aerial suppliers currently 
advertising in various magazines . 
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Aerials 
In the minds of most people, the very 
mention of receiving television signals 
from other countries conjures up an elabo
rate array of aerials atop an enormous lat
tice mast. This need not be the case. Spo
radic E enhanced signals can attain very 
high signal strengths, especially during an 
intense opening, and consequently the 
simplest of aerials will suffice. 

I t should be noted that for serious DX 
work and the reception of weak signals, an 
outdoor multi-element system should be 
considered. Use can be made of the direc
tional properties of the aerial if some 
method of rotation is used. As the majority 
of Continental transmissions are horizon
tally polarized, the receiving aerial should_ 
be mounted in the same plane, i.e. with its 
elements horizontal. 

A simple aerial system for the beginner 
can consist merely of a half-wave dipole, as 
shown in Fig. 1, mount~d outside for best' 
results. The rods can be cut to suit a fre
quency in the centre of Band I, i.e. around 
SSMHz. As a horizontal dipole will be 
directional to some degree, best results will 
be obtained if the aerial can be rotated. 

Signal identification 
After a distant signal has. been received, 
one will automatically want to identify its 
source. This can be difficult if the source 
happens to be a programme, but if a test 
pattern is received the chances of identifi
cation are greatly improved. tt 

Until fairly recently there were many 
different test patterns in use throughout 
the world and almost every country had its 
own design. Unfortunately a - growing 
number of broadcasting organizations have 
introduced similar electronically generated 
test patterns and at present there are two 
main types; the Philips PM5544 and the 
FuBK-type as shown in Figures 2 and 3 
respectively. But most services now incor
porate some form of station identification 
and so during sustained reception it is rela
tively easy to identify the country of origin 
and sometimes even the transmitter. 

Books 
Until recently · there was very little in
formation available for the would be 
televesion DXer, but the situation has now 
changed. One publication which should be 
of interest to both the beginner and the 
established DXer is 'Long Distance 
Television Reception For The Enthusiast' 
by Roger Bunney, published by Babani. 
Other books and publications which may 
be of interest to television DXers will be 
mentioned in due course. 

The authors will be pleased to hear from 
readers with experiences of long-distance 
television reception and will hopefully be 
able to assist with any identification prob
lems. Reception reports and any photo
graphic examples of DX reception will be 
welcomed. D 

Readers wishing to respond to the authors' 
invitation should write to them c/o WW edi
torial dept. 
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..... Fig. 2. The Philips PM5544 electronically 
generated test pattern. This photograph, 
taken directly from the screen, shows 
typical reception quality of the Italian RAI 
under sporadic E conditions. 

Fig. 3. A photograph of the FuBK 
electronically generated test pattern used 
by the West German Bayerischer 
Rundfunk. This signal was also received 
under sporadic E conditions. 

Literature 
received 
Application note 757-4, from Ailtech, describes 
the use of the Ailtech 757-57 GPIB Interface 
Unit in conjunction with their 757 spectrum 
analyser. Copies are available from Eaton Ltd, 
EID, Sherwood House, High Street, Crow
thorne, Berkshire. WW405 

Reference guide to HBM strain gauges, which 
lists hundreds of types and presents information 
on mounting adhesives and accessories, can be 
had from Carl Schenck (UK) Ltd, Stonefield 
Way, Ruislip, Middlesex HA4 OJT. WW406 

A great many housings and accessories from the 
UK and overseas , together with tools, instru
ments and small components are described in 
the new West Hyde catalogue, which is obtaina
ble from West Hyde Developments Ltd, Unit 9, 
Park Street Industrial Estate, Buckinghamshire 
HP20 lET. 
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CB PIRATES- OR 
PROTESTERS? 
In your editorial in the May issue you were 
rather hard on the c. b. pirates. If a reasonable 
request is unreasonably refused it is unreason
able to expect the applicant to accept the deci
sion. The applicant therefore has a moral right 
to ignore the decision and the blame for the 
consequences lies with the person who made the 
wrong decision. 

You admit that the request for a citizens' 
band service was reasonable and that the initial 
refusal of the Home Office was unreasonable. 
The blame for the effects on the community 
therefore rests with the negligent robots in the 
Home Office, and the pirates have every reason 
to grumble at the expense of changing to the 
new system. Indeed, if logic ruled the world the 
officials in the Home Office would be made to 
pay for the new equipment out of their own 
pockets. That would teach them to be reason
able in the future. 
S. Frost 
Edinburf!h2 

JAMES CLERK 
MAXWELL 
Mr Wellard's recent two-part appreciation of 
James Clerk Maxwell published in your March 
and May issues was rather forcdul in depreciat
ing the work of Albert Einstein. Undoubtedly it 
will evoke reaction from the disciples of Relativ
ity but, in my view, Wellard is to be applauded 
for his forthright contribution . It was indeed 
deplorable that the 1979 celebration ofthe cen
tenary of Einstein's birth did not take into ac
count the memory of Maxwell who died in the 
same year. More to the point, however, it is 
fitting to note that in 1980 experimental proof 
showing that the ether can assert a force was 
reported in Nature (G. M. Graham and D .. G. 
Lahoz, Nature, 285, 154 (1980) and it was Max
well and not Einstein that was supported. 

I hope we will see further acceptance of Max
well's principles in the years ahead, perhaps in 
regard to the third of the four alternative empir" 
ical laws of electrodynamics presented in Max
well's treatise. This particular law is an inverse
square law of attraction with force acting 
directly between like charged bodies when 
moving at the same velocity. It can, therefore, 
give physical basis to Newton's law of gravita
tion and may even extend to provide accord 
with the equations, but not the underlying phi
losophy, of General Relativity (H. Aspden, ] . 
Phys, A, 13, 3649 (1980)). 
H. Aspden 

·Chilworth 
Southampton 

It pains me to find two glaring fallacies in M.G. 
Wellard's discussion in the March issue of the 
Michelson-Morley aether-drift "experiment", 
as it is generally termed. The first, that a mirror 
may function as a frequency-changer, is prob
ably peculiar to Mr Wellard alone; the second, 
that the Doppler effect may be produced by the 
movement of the medium across the source, 
appears to be quite widely held. 

With respect, I would merely comment on 
the first fallacy by saying that a fortune awaits 
the inventor of so simple a means of providing 
superheterodyne radio reception; for the second 

fallacy, may I perhaps be granted a slightly 
more comprehensive comment? For our argu
ment we require confidence in one assumption, 
however: that energy manifested in a simple 
coherent wave trai'n may be represented by a set 
of uniform material objects, which may be ar
ranged in a regular pattern in space and in parti
cular in a line representing the line of advance of 
the wave, each object standing for either a peak, 
zero-crossing or other phase-state. We could 
construct a mechanical model, then, with a 
launcher which rolls a series of balls at regular 
intervals onto a straight level track, along which 
they would propelthemselves at a steady veloc
ity to a reception device with a counting mech
anism, which would be matched by a similar 
counter on the launcher. We could then say 
what is the frequency of dispatch, and of arrival 
at the receiver~ and how many balls are in 
transit. Now suppose that the track is the sur
face of a continuous transporter-belt, and that 
this is set to run steadily towards the launcher 
(to match Mr Wellard's example); what would 
then have changed? Not necessarily either the 
rate of dispatch or arrival at the end of the track. 
The balls would be more closely spaced along 
the track, in accordance with its speed, hut they · 
would travel between launcher and receiver 
more slowly in a compensating measure. Would 
we expect to detect the equivalence of the 
Doppler-effect in this model? 

Now suppose the belt to be halted, but either 
the launcher or receiver to be moving along it. 
What would be changing in this cas.e? Not 
necessarily the rate of dispatch. But the rate of 
reception would have to change, because the 

· number of balls in transit would be constantly 
changing in proportion to the speed with which 
the effective track-length was either increasing 
or decreasing. Now could we be said to recog
nise the change of frequency at the receiver of 
this model as the equivalent of the Doppler 
effect? 

Surely the implication of this, and of Mr 
Wellard's discussion (erroneous though it may 
be in some details) is that the designers of ·the 
aether-drift · "experiment" were suspending 
their principles of scientific method. If this were 
so, the members of the scientific faculties have 
been somewhat slow in offering criticism of this 
lapse. Perhaps it is pertinent to mention here 
that Fizeau's aether-drag "demonstration" 
should be subjected to closer inspection; the use 
of a "control" beam of light propagated in static 
water, to be compared with its "twin" in water 
flowing in either one or the other direction rela
tive to the light's direction would, I rather sus
pect, provide indications against the drag 
hypothesis. 

To conclude, could I suggest, with all due 
respect, that criticism be always welcome, as is 
needed if the scientific ideal is to be upheld, but 
that criticism should be more critically exa
mined before publication? And that applies to 
this, if it is considered worthy of print! 

If by trial and error we may learn, then let us 
by all means make errors - and then learn to 
recognise thetn! 
C. B. V. Francksen 
Famborough 
Hanes 

The author replies: 
In C. B. V. Francksen's working model of the 
Michelson and Morley experiment the balls 
represent the energy of consecUtive cycles of a 

light wave, the launcher the source of light and 
the semi-transparent mirror, the receiver repre
sents the reflecting mirror, and the stationary or 
moving track represents the stationary or 
moving ether. The model can be improved by 
allowing the launcher and receiver to change 
positions when the light beam is reflected in the 
experiment. In the fourth paragraph of the let
ter the receiver's changed rate of reception is 
analogous with the frequency changing effect of 
the moving reflecting mirror. 

Mr Francksen need have no fear that his 
letter is unworthy of print . In the fifth 
paragraph he has pinpointed the basic flaw in 
the reasoning that gave rise to the experiment. 
The history of this experiment is dealt with by 
Dr Berkson in his "Fields of Force" from page 
261 onwards. Fresnel had explained the pheno
menon of stellar aberration by assuming the 
ether did not interact with the Earth. When 
Arago discovered that this phenomenon did not 
occur when light passed through a prism, Fres
nel said that the ether was trapped within the 
volume of the prism and dragged along the 
light. Fresnel calculated his 'dragging coeffi
cient'' and by passing light through a moving 
column of water Fizeau proved Fresnel's 
'dragging coefficient'. The moving volume of 
water dragged along the light wave. Stokes had 
already proposed an alternative theory to ex
plain stellar aberration - the ether was dragged 
along by the moving Earth - and Stokes's 
theory cannot explain Fresnel's 'dragging coeffi
cient'. 

Michelson and Morley ignored Fresnel and 
Fizeau and accepted Stokes's theory that the 
Earth created an ether wind. If the Michelson
Morley experiment is repeated, effectively im
mersed in a flowing volume of water, their in
terferometer will show signs of interference. 
M. G. Wellard 

TELEVISION FOR 
NO-SIGNAL AREAS 
Mr Osborne's case history of a practical applica- · 
tion of an 'active deflector' system (May issue) 
was read with great interest but with. some ap
prehension . This article could well give the im
pression that such schemes are very simple and 
demand little more than redundant aerials, sal
vaged coaxial cables and modified standard 
television distribution amplifiers employed with 
ingenuity by an experienced amateur . 

My company has become very involved with 
'self help' schemes and supplies standard, and 
specialised equipment together with engi
neering advice and assistance where necessary, 
As a result of our involvement and experience, I 
would like to make the following points: 
1. Communities forced to consider 'self help' 
systems, usually of populations less than 200., 
are entitled to the best possible television re
ception, with a target of standards comparable 
to well-engineered cable systems. 
2. Cable systems should be used whenever pos
sible with the advantages of multi television 
channels, v.h.f./f.m. radio, 'teletext operation 
and provision for future channel services. 
3. Active deflector systems should be engi
neered to the same standard as cable systems, 
where we comply with BS 5603 and CTVRl/1. 
Due regard must be paid to filtering of received 
channels, minimum transmitter power, and cal-
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culation of s/x and s/n ratios, for broadband 
amplifiers, relative to all known variations of 
signal levels due to 'off air' and cable/equipment 
temperature variations. 
4. As advised under "Licences", full use should 
be made of the BBC/IBA transmitting authori
ties, who share the difficult task of assisting the 
remaining unserved 0.1% population not 
catered for under Phase 3 of the UK television 
coverage plan which is projected to 1986. 

Please be assured that this is not a criticism of 
Mr Osborne's article and successful endeavours. 
V. Lewis 
W alsey Electronics 
Porth, Rhondda 
Mid Glamorgan 

SCIENCE AN D SOCIETY 
The quotation from the policy statement by the 
British Society for Social Responsibility in 
Science (BSSRS) in May letters contains serious 
ambiguities, if not explicit errors, which do 
great harm to the Society's good cause, and 
which must therefore not pass unchallenged. 
The policy statement declares: "Science is not 
neutral. It cannot be separated from politics . It 
both reflects and helps to determine the values 
of society." Now if the term "science" is used to 
denote the activities of the members of a social 
group known as the "scientific community", 
then these assertions are essentially true. For 
the activities in question are inextricably linked 
to the society within which they take place. 

Unfortunately, the definition of science as 
"the set of all activities by scientists" is rather 
problematic, because one will then have to 
specify what this peculiar breed of social 
species, the scientist, is. And if one naturally 
says that the scientist is a person who practises , 
science, then the circle becomes obvious. In 
fact, there has taken place inside BSSRS a de
bate on whether "Science is a labour process" or 
"Science is not just social relations" (see Science 
for People No 43/44, 1979). Sadly, it is now 
evident that the former slogan has overwhelm
ingly· prevailed. 

I would argue that the BSSRS in particular, 
and a wide spectrum of political and philoso
phical opinion in general, in going out of their 
way to stress the social influences on scientific 
research and the impact of scientific _discoveries 
upon society , have been carried away by their 
bubbling enthusiasm for radical or revolu
tionary policies , have thus missed the more fun
damental content of the meaning of science, 
have therefore fallen inevitably in serious errors, · 
and so have generated a great deal of dangerous 
confusion. 

Science is best defined as, in the first place, 
objective knowledge, plus, in the second place, 
the activity to enlarge, and make use of, this 
permanent and universal knowledge . Scientific 
objectivity stubbornly and irrefutably exists and 
refers to the permanent and universal 
knowledge of facts and phenomena of nature 
which are independent of any individual's 
whim: political affiliations, ideological persua
sions, moral convictions , religiou~ beliefs, and 
so on. Facts and phenomena of nature are al
ways the same for every member of the human 
race . 

If one disregards, as so often is the case, the 
existence of objective knowledge (upon which 
all scientific activity, of any political orientation, 
must securely rest) one will unhappily be forced 
to say that science is just another ideology, a 
mere branch of politics, not better and not 
worse than religion, ethics , and the like. It is 
true that scientific facts are discovered usually 
as a result of the activities of s<;ientists, which, 
we agree, are prone to (good or bad) political 
influences. It is also true that there are certain 

difficulties in one's attempt to state the scientific 
facts objectively - free, that is, of experimen
tal, theoretical, and linguistic limitations or un
certainties, and independently of any political 
context. For these reasons, many people, not 
being competent enough to surmount these dif
ficulties, and having gone out of their way to lay 
great emphasis on the political influences on 
scientific research, have ridiculously concluded 
that objective facts do not exist, and they have 
declared that one cannot separate (the sup
posedly) certain facts from uncertain theories or 
from political prejudices. I have very strong 

· feelings about these issues, and suggest that 
those who are incapable of distinguishing fact 
from theory or from context should admit their 
incompetence, rather than cynically persist with 
these preposterous assertions. 

The mix-up between science and ideology is 
confounded by the fact that all sorts of dubious 
science (e.g. race and IQ studies, astrology, 
cosmology) or faulty science (e.g. relativity, 
duality) are frequently mistaken as authentic 
science. This badly misguides philosophers into 
creating dismally erroneous theories of science. 
Conversely, the realization of the full extent of 
the confusion between science and ideology is 
necessary if one wishes to understand why im-

( possible hypotheses have been foolishly accepted 
as tenable and even as true ones (especially in 
the sphere oftheoretical physics). 

The most striking instance of the mix-up be
tween science and ideology, and that which gen
erated the greatest harm is the following: Many , 
elements of so-called "modern physics" (relativ
ity, quantum) were rejected by the Nazis be
cause many (but by no means all) of their 
creators happened to be Jews or socialists or 
both. In this way, the military defeat of Hitler 
sealed the fate of twentieth century theoretical 
physics. As Hitler was (morally) wrong, those 
who criticise modern physics must be (scientifi
cally) wrong, too. This is one reason why so· 
much scientific criticism of relativity went into 
deaf ears. The sooner these and other facts are 
recognised, the earlier the vagaries of relativity 
will be retired to their well-deserved resting 
place in the history of science, next to epicycles, 
phlogiston and the like . 

By speaking out in this way, I run the risk of 
being dubbed a reactionary. But for the sake of 
truth I do take the risk and I suggest that 
BSSRS should correctly understand first the full 
and exact meaning of science, if they really want 
to ensure, as I do, that science serves the people 
as a whole. And I earnestly appeal to the com
rades of the BSSRS to re-examine the issues I 
have raised with their brains, not with their 
hearts; otherwise they will continue to alienate 
the rank and file scientist, and allow the political 
establishment to strengthen its position. 
T. Theocharis 
LondonSW/8 

ENGINEERING 
EDUCATION 
The article by Professor D . A. Bell in the Jan
uary issue reviews the technologist vs theoreti
cian question. In the USA we have recently 
taken a different path, with separate schools and 
degrees for technologists and engineers . 
Whether this is better or worse than the drop 
down to "pass" level of the UK is yet to be 
determined. 

The question is so old that it should have 
been solved. This is shown by the editorial in 
your near-relative publication, The Electrician, . 
in volume 21, page 579, September 14, 1888: 

"Lord Armstrong, like most captains of industry, 
knows exactly what he wants and how to get it; but he 
is rather afraid of getting more than he wants, which he 
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probably would do if Sir Lyon Playfair had his own 
way . . . Lord Armstring approves os technical and 
even scientific training only when and where they are 
needed; Sir Lyon Playfair would scatter these accom
plishments broadcast in case they may be needed. 

"We suspect that the chief value oftechnical training 
in the estimation of the artisan is that it will help him to 
better his condition - to rise above his fellow workers. 
The case of 39,000 workmen being thrown out of 
employment by the invention of a new method of 
making steel does not help the argument, unless we are 
to believe that those men would have been kept in 
work had they understood the process as Well as Bes
semer. 

"The learned doctor hopes to create an unlimited 
supply of Watts, Stephensons, Arkwrights, Cart
wrights, and Bessemeers, by giving the multitude tech- · 
nical education, whilst his practical opponent appre
hends that there would be nobody left to work their 
inventions if we succeeded, and everybody left discon
tented if we failed ." 

Somehow, I feel that a definition of inertia, 
conveniently placed on the same page of that 
musty old volume, applies. This is attributed to 
Prof Ayrton: 

"There are two possible definitions of inertia: in this 
country (England) it is defined as resistance to motion, 
and in America as resistance to standing still." 

It appears that the motion on this question 
has been a circular orbit for 92 years, and it is 
time that we selected a re-entry point! · 
].D. Ryder 
Ocala 

-Florida, USA 

The writer was formerly Dean of Engineering at Mi
chigan Stilte University, USA - Ed. 

The author replies: 
If the problem has been with us for nearly a 
century, and yet such a leading figure as John 
D. Ryder cannot give an authoritative answer, 
orie's first reaction is that the problem is insolu
ble. However, I think it is worth while pointing 
out that my remarks were made within the 
context of the British university system. Firstly, 
it appears that as the comparison between 
"technologist" and "engineer" in American ter
minology is set against our honours/pass discri
mination, it must distinguish between "techni
cian" and "professional engineer" rather than 
between "technologist-engineer" and "engi- . 
neer-scientist". (In Britain the term "technolo
gist" is of top ranking and covers both profes
sional engineers and their equivalents in other 
types of technology, in contrast to "technician" 
which implies lower, academic standing, what
ever the value to industry and to society.) 
Secondly, all British universities have in theory 
the same academic standards: this is supposed 
to be ensured by the general use of the system of 
external examiners, i.e. every degree examina
tion is monitored by a senior member of some 
other university. None the less, special prestige 
attaches to some universities : one might perhaps 
compare Oxford, Cambridge and Imperial Col
lege with Harvard, Yale and MIT. The inhibi
tion here of any further discriminatory classi
fication is part of a very deep-rooted reluctance 
in Britain to declare openly that anyone is in
ferior to others .or is finally and irrevocably· 
judged incapable of reaching the highest level. 

A personal view is that the British university 
pass degree is too often no more than a safety 
net for those who (for one reason or another) fail 
to reach honours standards. It is responsible for 
the comparatively low drop-out rate from 
British universities. (The system of financial · 
grants to students must also influence drop-out 
rates. ) There is little doubt that separate institu
tions could produce better technicians, but the 
question is how much human unhappiness 
would be created by the forcible separation of 
schoolleavers (high-school graduates in US ter-
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minology) into two streams, professional engi
neers versus technicians. It would depend partly 
on the opportunities for exchange between the 
two streams, which would seem to be minimised 
if separate institutions are involved. In any case: 
I do not believe that the vocational content of 
education is such an important factor in national 
prosperity . as is sometimes assumed, for 
example in the Finniston Report on engineering 
education. 
D.A.Bell 

"RADIO AMATEU RS' 
EXAM INATION 
I was glad to see the validity of the Radio Ama
teurs' Examination queried at last (May i~sue, 
p.54). Since the Nuffield foundation introduced 
many changes - even corrections - in the way 
Physics is taught, many examiners have 
persisted in regarding the ·~~w approach" as 
wrong, and marking it so. -

"Traditional" and "modern" answers to a 
question such as "describe. the changes which 
take place when a capacitor is discharged 
through an inductor" may be quite different at 
first glance, whilst both could be right. Unfor
tunately there are too many in authority who 
would dismiss the latter. 
W. H. Jarvis, G8APX 
Preston 
Lanes 

I agree with Pat Hawker (May 1981 issue) that 
·· the two errors in the December 1980 Radio 
Amateurs' Examination Paper 2 were inexcus
able, but that is about the only point with which 
I can agree. Even his comment about the pro
posed c.b. arrangements permitting radiotele
phony on 27 MHz whilst Amateur Licence B 
holders may only operate on frequencies above 
30MHz has no relevance since the amateur ser
vice is an international service while c.b. is a 
national one and completely different consider
ations apply. However, this is no concern of the 

· City of Guilds of London Institute. 
I would very much like to see RAE question 

papers published but the City and Guilds of 
London Institute has its difficulties here which 
are entirely connected with the integrity of the 
examination and are not due to a desire for 
secrecy in the way the examination is 
conducted. One is tempted to ask whether what 
Mr Hawker calls his good fortune did not, in 
fact, arise from someone breaking faith with 
undertakings given to the Institute. 

As for the charge of a lottery, what of the old 
written type examinations where only a very few 
topics from the syllabus could be tested at each 
examination? In spite of being reasonably well 
prepared a candidate could find that the ques
tions were all on his weakest topics and he or she 
had no opportunity to demonstrate their strong 
points. 

The present multiple choice scheme tests 
every topic in each section of the syllabus at. 
every examination and candidates know they 
will have a chance of demonstrating their 
strongest topics as well as being tested in the 
weakest. As long as they have as many strong 
topics as weak ones they have some chance of 
passing. 

Multiple choice questions were not dreamed 
up for the RAE; they have been widely used for 
many years and the principles are well estab
lished. The setting up of a bank of question 
items is a long process and each item is tested 
and edited at several stages and finally pre
tested by volunteers in a mock examination be
fore being accepted for the bank. 

The question items are so constructed that 
the correct answer cannot be selected simply 
because the alternatives are obviously wrong. 

Each option offering an incorrect answer must 
have some credibility so that the candidate must 
use knowledge of the topic to select which of the 
options is correct in all respects and fully an
swers the stem of the question. Errors and omis
sions typical of those expressed by candidates in 
the pre-1979 written answers are used in the 
incorrect options to give them credibility. 

Multiple choice is not an easy way out and the 
candidate needs as much knowledge of the sylla
bus as he or she did when writing essay type 
answers. If all this is thought to be unfair to 
candidates, what is the explanation for the 
number of candidates having increased from 
about 1850 in May 1978 and 900 in December 
1978 to some 3000 in May 1980 and 2800 in 
December 1980 and that the percentage of 
successful candidates has increased slightly? 

As regards syllabus content, there has always 
been a section on electrical theory and it ·has 
always been supported by lecturers and other 
interested bodies, in particular the RSGB, as 
being valuable groundwork. The volume of 
such theory has been reduced over the years as 
technical considerations have changed and the 
units now involved consist of volt, coulomb, 
ampere, ohm, watt, hertz, farad and henry and 
this does not seem excessive. Neither does there 
seem any reason why knowledge of licence con
ditions should be less under multiple choice 
conditions than it was under written answer 
conditions. 

As regards valves, the alternative would have 
been a massive increase in training time, and I 
for one see no need to ask would-be radio ama
teurs to undertake a two-year training course. 
Wilfred Dunell, G3BYW 
City and Guilds Radio Amateurs' 
Exami11ation Subject Committee 
Cambridge 
The views expressed are those of Mr Dunell and not 
necessarily those of the Subject Committee. - Ed. 

Pat Hawker, G3VA, comments: 
Wilfred Dunell seems to have misunderstood 
the point of my criticisms of the RAE held in 
December. I am all in favour of the multiple
choice form of examination, although, as in the 
equivalent American exam, it might be worth 
adding some requirement for candidates to draw 
a few very simple diagrams. But there are good 
multiple-choice papers and bad multiple-choice 
papers. Too many of the questions seem irrele
vant to deciding whether somebody should be 
entrusted with operating an amateur transmit
ter; and unless one knows the "pass" marks 
then one cannot avoid the suspicion that a lucky 
pin would have been almost as useful as careful 
preparation. 

So I remain convinced that not all the ques
tions were either fair or relevant; that it is ridi
culous to include coulombs but omit va,lves; and 
that at least some questions should be concerned 
with safety. Far from wishing that would-be 
amateurs should have to take a two-year training 
course, it would seem better to scrap the RAE 
altogether than to continue to set such unsatis
factory papers. As to anyone "breaking faith" to 
show me the papers, surely such a charge would 
be better levelled at those in any way respons
ible for approving the _p~pers! I notice that Mr 
Dunell does not comment on the question I 
quoted about s.w.r . meters. 

SCIE NTI'FIC COMPUTER 
In the eighteen months since I first wrote to you 
(December 1979 issue) considerable evolution 
of John Adams' scientific computer design has 
occurred . ' 

At the time of my first letter, the high level 
language available (BASIC using Reverse Polish 
·- "BURP") was very restricted in its facilities 
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and therefore attracted my criticism. Subse
quently, Mr Adams has made available a Mark 
II and then a Mark III version of BURP and I 
understand that Mark IV is about to appear. A 
floppy disc interface has been described (Octo
ber and December 1980) and a 32K memory 
expansion board is about to become available. 

The presently available high level language 
(Mk III BURP) represents a vast improvement 
on the original and has answered virtually all the 
criticisms I made. It now offers a full range of 
variables , multi-dimensional arrays and vir
tually all of the statements that one would ex
pect of an "8K BASIC", yet occupies only 4K 
of memory. It is certainly more than adequate 
for all "scientific" purposes and one imagines 
that the Mk IV will be even better. 

Much of the evolution of the design has been 
facilitated by the creation of a users' group asso
ciated with a monthly newsletter. Through this 
medium, many advances in hardware, firmware 
and software have been made available to users 
of the computer; the updated BURP interpreter 
is available via the users' group. 

Anyone still using the original, or even the 
Mk II, monitor is struggling under unnecessary 
difficulties. Those wishing to remedy this and 
/or ensure that they keep abreast of future ad
vances would be strongly advised to contact the 
users' group c/o Mr Phillip Probetts, 50 Crom
well Road, London SW19. 

What was originally a very sound basis for 
development has now blossomed into a very 
satisfactory and useful machine and , as a final 
comment, I would like to express the gratitude 
of all concerned for the tremendous efforts 
made by Mr Adams and Mr Probetts . 
John Whittington 
North Harrow 
Middlesex 

MICROCHI PS AND 
M EGADEATHS 
I was absolutely delighted to read your 
November editorial both because of your stand 
on the matter and because you have raised the 
issue in the technical press . 

It seems particularly sad that such high levels 
of effort and intellect must be employed on the 
mutually assured destruction of mankind. 
Those of us who have bothered to inform our
selves and are astride the technology of nuclear 
warfare can do nought but agree that a halt must 
be called. 
John B . Gibson 
Winchester 
Hants 

I am absolutely appalled by the sentiments ex
pressed in the editorial "Microchips and Mega
deaths" (November 1980 issue), the article m 
Sidebands (May issue) and a great many of the 
published letters . 

Can any of these people put together a viable 
programme of action which would be com
pletely successful in persuading the world:S en
gineers to stop working on "defence" projects? 
Obviously no less than one hundred percent 
success is acceptable, and equally obviously that 
is not possible. · 

Lately we engineers have been attempting to 
improve the status of our profession; e .g. the 
Finniston Report . If we do not wake up and 
stop behaving like naive children, we will 
neither get nor deserve any respect at all. True 
engineers have to operate in the real world , not 
in the rarefied atmosphere.of the idea_l one. , · 

The only way to preserve world peace is to 
maintain a balance of power. The West has 
already fallen dangerously behind; therefore en-

I 
I 
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gineers should be redoubling their efforts to 
make maximum use of their limited budgets. 
Jack Anderson 
Dunmurry 
Belfast 

I do hope that the proportion of letters in favour 
of your editorial "Microchips and megadeaths" 
in the November 1980 issue is typical of your 
post bag and of engineers in general. 

I am sorry to recall that, for two years after 
leaving university, I too worked in 'defence' 
projects for a leading electronics manufacturer. 
However, engineers and computer scientists are 
fortunate in having a wide range of job opportu
nities available. I would encourage anyone who 
is employed on 'defence' work (especially pro
jects for other countries which help to fuel wars 
in which Britain has no interest!) to look for 
more useful employment. When one leaves de
fence projects it is a great joy to be able to talk 
freely about one's work, and to contemplate its 
use without envisaging catastrophe. 

Could Wireless World take matters further by 
publishing one or more detailed articles listing 
the firms students should avoid when looking 
for employment? The Campaign Against Arms 
Trade (5 Caledonian Road, Kings Cross, Lon
don N1 9DX, tel: 01-278 1976) would be only 
too happy to supply information to any other 
interested readers. 
David Bailey 
Manchester 16 

OPTO-ELECTRONIC 
CONTACT BREAKER 
Your article on opto-electronic contact breakers 
(April issue) suggests that they can be fitted to 
any make of distributor. My own Hillman 
Hunter uses a distributor in which vacuum ad
vance moves one of the contacts of the contact 
breaker and, as you can see from the enclosed 
pages of the maintenance manual, all vacuum 
advance would be lost if the contact breaker 
were changed as the author suggests. 
M.D . Samain 
University of Salford 

The author replies: 
Mr Samain is, of course, correct in saying that ' 
the opto-electronic contact breaker is not suit
able for sliding contact type distributors. This 
type of contact breaker is designed to extend 
contact life by spreading the area of contact 
erosion, but must be regarded as a palliative 
rather than a cure for the well known problems 
of conventional ignition systems. It is particu
larly unfortunate that no proprietary devices are 
available to replace such a contact breaker, for 
the same reasons which rule out my own device. 

On re-reading the article as published I could 
not, however, see where it was suggested that 
any make of distributor was suitable for conver
sion. 
].R . Watkinson 

DIVIDING BY 
FRACTIONS ~ 

Referring to the article by Gilbert Pearson in 
your April 1981 issue, which described a 
method of division from PAL sub-carrier fre
quency to line frequency by digital counters, I 
would like to suggest a simpler way to accomp
.lish this. 

By using the dual pulse synchronizer 
SN74120 together with a dual D flip-flop 
SN74S74, you can easily "remove" a single 
period of the 4.43MHz signal 25 times per 
second. After counting down by 1.135 you have 
a frequency of 3906.25Hz with very low jitter. 
Using a simple phase locked )oop, either a 

0 
® 
CD 
® 
CD 

® 0 
4·43MHz--l-...... -tCL O:t-.... ---1CL 

® 
74574 

0 

25Hz~.---------------------

4MHz master clock or a 31250Hz double line 
frequency is easily produced. 

Looking at the signal diagram and the 74120's 
truth table, you can see how the circuit works 
with only two digital integrated circuits. 
KnutA. Lyster, 
Lyster Elekronikk 
Roy ken 
Norway 

With reference to the article "Dividing by frac
tions" in your April 1981 issue, I would like to 
draw your attention to a more general method of 
generating a sequence of p pulses, as regularly
spaced as possible in q clock periods. The 
technique is described in a paper 'The use of 
digital techniques in television waveform gener
ation' presented at· the 1974 International 
Broadcasting Convention and it is the subject of 
British Patent No. 1 455 821. 

A particular feature of this method is that it 
generates a 'residue' function, which represents 
the time difference (jitter) between each output 
pulse and its ideal position. This residue can be 
added with appropriate polarity, amplitude and 
timing to the control loop of a voltage-controlled 
oscillator in such a way as to eliminate the need 
to filter any of the systematic jitter components 
in the phase-locked loop. 

This technique is used in commercial equip
ment (such as the HP 8662A Synthesised Signal 
Generator described in February 1981 Hewlett
Packard Journal) and the associated counting 
methods are used frequently in digital television 
processing when a line harmonic clock rate is 
used to handle signals related to PAL subcar
rier, whether or not it is 'mathematically' 
locked. 
John Chambers 
BBC Research Department 
Tadworth 
Surrey 

ETHICS IN ACTION 
There is no escaping the moral responsibility 
placed on all of us to examine our role and 
function in society (June letters). We should see 
whether we are contributing directly or indi
rectly to the design and manufacture of arma
ments, or other socially unacceptable products, 
and then reconcile this .role w·ith our conscience, 
ethics, religious beliefs, or whatever standards 
we live by, and then act upon the outcome. All 
my life I have refused to work on anything 
whatsoever to do with armaments or warfare, 
and any price I may have paid has been trifling 
in comparison to the degree of sympathy and 
respect I have encountered, often from the most 
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unexpected quarters. · 
Western civilisation and technology cannot 

, continue much longer without facing the facts 
and realising that there will be consequences 
arising directly from its actions - mostly, I 
fear, very unpleasant ones - but faced they 
must be, and your courageous editorials will do 
much to start electronic engineeFS thinking. 
Robin H. Mann 
C.E.G.B . 
Barnet 
Herts 

PICKABACK SPARKS 
Regarding Mr A.R. Churchley's remarks in 
April letters, it may be of interest to refer to the 
paper in the Journal of the Institution of Electrical 
Engineers, vol. 93, part Ilia, no. 5, 1946, "The 
development of triggered spark gaps for high 
power modulators" by J.D. Craggs, M.E. 
Haine and J .M. Meek. This paper describes the 
development of triggered spark gaps, during the 
war years, for use in short pulse modulators for 
magnetrons for radar applications. 

The pulses generated by the discharge of arti
ficial transmission lines were one or two 
microseconds in duration and up to a few mega
watts power. Repetition frequencies up to 
2,500Hz were achieved. Early work was on 
three electrode spark gaps in air. Later this was 
extended to similar gaps sealed in glass vessels 
containing a pressure of up to three atmospheres 
of a mixture of argon with a 6-7% oxygen; the 
latter to suppress the long lived metastable state 
in argon which inhibited deionisation. The ratio 
of the trigger pulse energy to that of the main 
pulse was 103-104 to 1. · 

The transmission lines were charged from a 
d .c. source through a choke. At first this was 
done at the resonant frequency of the choke and 
the transmission line capacitance, so that the 
line charged to twice the direct voltage. To 
achieve a variable frequency system a series 
diode allowed the line to charge to twice the 
direct voltage and then await the occurrence of 
the trigger pulse. However, it was later found 
that, without the diode, the frequency could be 
increased to any value above the resonant fre
quency and still give the doubling of voltage. 
The ·charging waveform then tends to a linear 
rise . 

It may be interest that patents were applied 
for and granted only for the sealed systems. The 
open air gaps system was rejected by the Patent 
Office because of a similar system patented in 
the last century for a lightening arrestor. 
M.E.Haine 
Much Hadham, Herts 
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Wafer-scale integration 
Reducing costs by using i.e. chips on the wafer 

by lvorCatt 
Microprocessor Applications Project, Watford College 

Much of the cost of manufacturing 
electronic equipment with integrated 
circuits lies in making connections to 
the chips and interconnecting them. 
Considerable reduction in this cost is 
claimed for the method proposed 
here in which memory chips are used 
while they are still on the 
semiconductor wafer, the whole of 
which is permanently built into 
equipment. On the wafer, a chain of 
good chips is formed under external 
controi to produce a long serial 

1 memory. Any bad chips are 
automatically by-passed without 
requiring programming of the 
metallization 'that interconnects them 
or advance knowledge of the 
distribution of the bad chip~ on the 
wafer. 

The traditional method of manufacture of 
a "silicon chip" microcircuit is as follows. 
A wafer of pure silicon material several 
inches in diameter is sent through a series 
of furnaces where hot gases are diffused 
into selected areas of the surface, creating 
some 500 identical two-dimensional 
microcircuits ("chips") on the surface, half 
of them perfect and half of them faulty. At 
this stage, a minute fraction, perhaps 1%, 
of the total manufacturing cost of a com
plete computer system has been spent. 

The microcircuits are tested using a 
wafer probe and marked to distinguish the 
good from the bad. The wafer is then cut 
up into individual microcircuits measuring 
perhaps one tenth of an inch square, and 
each good one individually packaged in a 
one inch long black box with about 
fourteen contacts. The black boxes are 
tested and assembled into printed circuit 
boards. Then the boards are tested and 
assembled into systems which are also 
tested (see Fig.l). 

What is being called "the microelectron
ics revolution" is the successful attempt to _ 
reduce the cost of all these stages by 
squeezing more and more circuitry into 
each microcircuit (or black box) so that a 
complete deliverable system can be made 
with fewer of them. However, more cir
cuitry on a chip means that each chip must 
be larger and more likely to be useless as a 
result of its including a faulty spot on the 
wafer. This leads to lower yield and in
creased cost, and the practical limit to the 
size of a chip is in the region of one or two 
tenths of an inch square. Also, as the com
plexity of a microcircuit increases, the cost 

---1 f+-Y10 in. 

INTEGRATED 
CIRCUIT 

Fig. 1. Main steps in the construction of 
electronic equipment from the 
conventional silicon chip. 

' I 

of testing escalates in geometric propor
tion, so that even today's conventional, 
relatively simple microprocessors and 
r.a.ms are expensive because of appalling 
testing problems. 

Wafer scale integration is an alternative 
approach to the above. Although 
nominally divided up into "chips", the 

wafer is nev_er dissected, and there are 
built-in interconnections between chips. 
The full wafer, including faulty chips, is 

. installed in the final electronic system. All 
the costly conventional manufacturing 
stages -testing the wafer, dicing, packag
ing, testing, interconnection, testing - are 
omitted. 

The wafer is conventional except tha:t 
metallization overlaps between chips to 
give the inter-chip connections mentioned 
above. Grids of metallization lines across 
the wafer distribute voltage supplies and 
clocks. Crossovers between grids are 
achieved by two layer metallization. An 
array of fusible links on the grids localizes 
the effect of any shorts between voltage 
supplies. Each chip contains bonding pads 
for voltage supplies and clock inputs, but 
only a small number of these pads are 
connected to-the outside. • 

There are four classes of w. s .i. as shown 
in the chart in Fig.2. Of these, two were 
tried and abandoned or found wanting. 
One is a possible dream for the future. 
That leaves the fourth, "fault tolerant 
w. s .i." Now that everyone realizes that the 
more complex microcircuits already on the 
market are untestable, it is coming to the 
fore as the main contender for further ad
vance in microelectronic technology. 

The "fault tolerant" interconnection ap-' 
proach is based on the fact that today's 
"chip" contains a massive quantity of cir
cuitry - more than 5,000 transistors -
the same amount of logic as was contained 
in a complete general purpose computer in 
the 1960s. The process of getting rid of 
bad chips and linking up good chips into a 
perfect machine is delayed until after the 
wafer has been installed in a working 
machine, and .even after the machine has 
been switched on for use in the morning. 
Further, the interconnections between 
good chips are "broken" when the 
machine is switched off, so that every time 
it is switched back on the machine is re
built from virgin circuitry during the first 
five minutes of operation. A very small 
proportion (some 5%) of the circuitry in 
each chip is devoted to this reconstruction 
process after switch on. The reconstruc
tion is under the control of a control board 
containing logic of conventional design 
(1 00 packages which could of course be 
integrated into a single microcircuit). This 
control board is called "chip Z". The rest 
of this article describes the author's ap
proach to fault tolerant w.s.i. 

The aim is to build up on the wafer a 
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spiral of interconnected good chips which 
avoids the bad chips. This is achieved by a 
gradual growth process, shown in Fig.3, 
where additional chips (for example F) are 
added to the growing spiral, one by one; 
the latest chip being tested and discarded if 
found by chip Z to be faulty. Chip Z com
municates with it via the good chips 
ABCDE already in the spiral. 

We end up with one or more spirals of 
perfect tested chips (Fig.4), which for 
architectural purposes might just as well 
lie on a straight line. 

In the simplest machine, of which the 
working model has already been built un-

, der Russell C. Aubusson at the Middlesex 
Polytechnic, the wafer accommodates one 
(or more) shift registers which can usefuily 
replace computer disc memory and get rid 
of the inconvenien~e of rotating parts. 

The next machine in the family has the 
addition of a fast (or control) line to the 
previoft.s slow' (or data) line, as shown sche
matically in Fig.S. Serial commands travel 
rapidly down the spiral along the fast line, 
checking the address field in each chip 
they pass and completing a read or write 
with the appropriate word. The addition of 
the fast line speeds up memory access from 
20 milliseconds to about 5 microseconds, a 
speed approaching that of conventional 
random access memory. Although some
what slower than r.a.m. of conventional 
design it is attractive because of its extre
mely low cost, between 10 and 100 times 
cheaper than what conventional fabrica
tion can achieve, and also because it is self
repairing. If a fault develops, it is only 
necessary to switch off the machine and 
the memory will be repaired on switch-on, 
the newly failed chip being avoided when 
the new spiral is formed. Because of cost 
reduction and reliability improvement, 
computers could be' expected to incorpo
rate r.a.ms using w.s.i. as a matter of 
course when the memory size is 256,000 
words or more. 

The rest of this article outlines the op
portunities open. to us via w.s.i. once we 
break out of the stranglehold of the Von 
Neumann computer architecture, an arch
aic design more than a third of a century 
old which has set the pattern for all com
puters, microprocessors and microcom
puters up to the present time (see editorial, 
February 1981 issue, p.31). · 

Over the years the idea has become en
trenched that electronic computers are 'in
formation processing' devices, a phrase 
which implies sequential processing in the 
same way as a doctor sees his patients 
sequentially, forgetting all about one 
patient when he turns to the next. To 
develop the analogy further, it has become 
accepted that the doctor should have no 
recollection of what the patient's third fin
ger looked like when he examines the 
fourth, and so on. Before moving on to 
examine the fourth finger, the doctor notes 
down in tl'ie record the state of the third 
finger, and then forgets all about it. 

It is remarkable, and in my opinion un
fortunate, that the conventional, schizoid 
computer is regarded as able to make a 
reasonable showing at performing quite 
complex tasks in spite of its being virtually 
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Fig. 3. Process of building up a spiral (or 
spirals) of chips on a wafer by adding 
contiguous good chips and avoiding faulty 
chips. This is done by external control via 
the external chip Z. 

Fig. 4. Schematic of a spiral built up on a 
wafer. 

completely split down the middle, between 
memory and processing. However, my 
book "Computer Worship" lists a 
number of applications in which such a 
machine will not perform satisfactorily. 
These are generally applications where it is 
required to operate on data according to its 
content rather than merely according to its 
address location. 

Wafer scale, fault tolerant hardware 
leads us to the possibility of a very cheap, 
reliable machine of a different kind. It is 
clear th3:t more sophisticated operations 
than "read" and "write" could easily be 
performed in a processing node. For inst
ance, the data field on the fast line in Fig.S 
could be added to the data field on the slow 
line rather than merely replace it. That is, 
we could have an "add" command instead 
of a "write" command. This is the first 
step towards operating on more than one 
word in the store at the same time -that 

Fig. 2. Chart showing variants of wafer
scale integration and the condition of the 
chips resulting from these methods. 
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Fig. 5. Schematic of a more advanced 
system in which a fast, or control, line is 
added to the slow, or data, line. This fast 
line carries commands to the data line and 
allows more rapid memory access than 
with the simple memory system. 

is, towards distributed processing (a much 
misused phrase) . A number coming down 
the fast line can be added to more than one 
word in memory at the same time. 

A major break with tradition should be 
noted. Whereas a word in memory has 
traditionally been addressed (accessed) by 
its physical location, words in this kind of 
memory are addressed by one field within 
the word. That is, each word carries its 
address around with it . We actually have a 
content addressable memory (=associative 
memory) masquerading as a r.a.m. 

We can consider moving forward to
wards even more powerful, more complex 
machines. Basic principles are sketched in 
Fig. 7. It is possible to send a "loop" com-
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mand down the fast line·, with the result 
that all words get trapped in tiny loops 
rather than continuing in a "follow my 
leader", barrelling mode. Further, a 
"mixed mode", or "precess'' command 
can be sent down the fast line, causing 
words of one class to loop while words not 
of that class barrel. 

The "mixed mode" makes it possible for 
any word in memory to have rapid access 
to all other words in the memory. For 
example, in the case of a machine used to 
monitor aircraft circling above an airport, 
one word, containing the co-ordinates of 
one aircraft, could be caused to barrel past 
the records of all other aircraft stacked up 
waiting to land, so that co-ordinates could 
be compared and a collision risk by that 
aircraft foreseen. 

The. next step in sophistication comes 
when we realise that when a barrelling 
word passes by a looping word, the situa
tion is similar to a word on the fast line 
passing a word on the slow line. It is pos
sible to cause barrelling words to act as 
commands and operate on looping data 
words so that the overhead on the fast line 
is reduced. 

Methods have been worked out whereby 
segments of the slow line behave as auto-

Fig. 6. The idea of a processing node, 
involving both the slow line (left) and fast 
line (right) and allowing more advanced 
operations than simply "read" and "write". 

Fig. 7. Different modes of processing: (left) 
"follow-my-leader" or barrelling mode; 
(middle) mode in which words are trapped 

- in tiny loops; (right) mixed mode in which 
some words loop and others barrel/. 

Bo.rre l 

0 
0 
0 
0 
0 

s 

Loop 

nomous ·subroutines, the relevant words 
leapfrogging past each other like a line of 
children, and flagging when a computatio
nal task is completed. We can get an extre
mely powerful machine which performs 
many processes at the same time although 
the hardware is very cheap and self repair
ing. 

The first project based on the principles 
described here proved the feasibility of the 
microelectronics aspects of the subject. 
With E.A. Newman as its technical head, 
ACTP (Advanced Computer Technology 
Project, a section of the Department of 
Industry) financed · the project in the 
Microelectronics Centre at the Middlesex 
Polytechnic, where it was led by Dr R.C 
Aubussoh. ACTP then funded projects to 
develop a computer architecture. These 
were at Brunei University under R.M. 
Lea, and at Prestwick Circuits Ltd. 

The Royal Signals and Radar Estab
lishment, Malvern, has funded two pro
jects on the airborne digital signal proces
sing implications of the computer 
architecture. This work, at Prestwick Cir
cuits Ltd1 is led by Ken Wood. Burroughs 
Corporation, Cumbernauld and San 
Diego, is now investing in the de
velopment of both the microelectronics 
and of the computer architecture. This 
work is led by Dr Malcolm Wilkinson-. 
Wafers designed at Cumbernauld, 
processed in San Diego and then tested in 
Cumbernauld have successfully generated 
spirals of more than 200 chips on an imper
fect wafer. This lays to rest any technologi
cal doubts about the overall feasibility of 
the invention. 

References 
1. Aubusson, R. C. and Catt, I. "Wafer-scale 

integration - a fault-tolerant procedure", 
IEEE Journal Solid-State Circuits, vol. SC-
13, no. 3, June 1978. 

2. Catt, I. German Patent Application no. P 23 
39 089.8-53. US Patent no. 3913072. British 
Patent no . 1377859. British Patent no. 
1525048. 

3. Sutherland, I. E. and Mead, C. A. "Microe
lectronics and computer science", Scientific 
American, September 1977, pp. 210-228. 

4. Manning, F . B. "An approach to highly inte
grated, computer-maintained cellular ar
rays", IEEE Trans. Comput., vol. C-26, pp. 
536-552, June 1977. 

5. Catt, I. "Computer Worship," Pitman, Lon
don 1974. 

s 

gj 
~ 
0 

Mixed mode (precessing) 

Oigi.tal storage and 
analysis of speech 

continued from page 48 

59 

Reconstructing the ana logue 
wavefo rm · 
Having digitized and stored a signal, it 
needs to be passed through a d-to-a 
.converter (digital-to-analogue) and low
pass filter when replayed. D-to-a convert
ers are cheaper than a-to-d ones, and the 
characteristics of the low-pass filter for 
output can be the same as those for input. 
However, the desampling operation intro
duces an additional distortion, which has 
an effect on the component at frequency f 
of 

sin(n;f/fs) 
n;f!fs 

where fs is the sampling frequency. An 
"aperture correction" filter is needed to 
compensate for this, although m~ny 
systems simply do without it. Such a filter 
is sometimes incorporated into the codec 
chip. 

For telephone-quality speech, ex1stmg 
codec chips, coupled if necessary with in
tegrated pre-sampling filters, can be used, 
at a remarkably low cost. For higher-qual
ity speech storage the analogue interface 
can become quite complex. Comprehen
sive studies of the problems as they relate 
to digitization of audio, which demands 
much greater fidelity than speech, have 
identified the following sources of error: 
• slew-rate distortion in the pre-sampling 

filter for signals at the upper end of the 
audio band; 

• insufficient filtering of high-frequency 
input signals; 

• noise generated by the sample-and-hold 
amplifier or pre-sampling filter; 

• acquisition errors because of the finite 
. settling time of the sample-and-hold cir
cuit; 

• insufficient settling time in the a-to-d 
conversion; 

• errors in the quantization levels of the a
ro-d and d-to-a converters; 

• noise in the converters; 
• jitter on the clock used for timing input 

or output samples; 
• aperture distortion in the output 

sampler; 
• noise in the output filter as a result of 
. limited dynamic rang~ of the integrated 

circuits; 
• power-supply noise injection or ground 

coupling; 
• changes in characteristics as a result of 

temperature or ageing. 
Care must be taken with the analogue in
terface to ensure that the precision implied 
by the resolution of the a-to-d and d-to-a 
converters is not compromised by inade
quate analogue circuitry. It is especially 
important to eliminate high-frequency 
noise caused by fast edges on nearby com-
puter buses: · 
To be continued 
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Sound synthesis using 
Walsh functions 

Simple introduction to the synthesis of complex vibration modes 
by Alan A. Thomas 

An experimental approach to additive 
synthesis employing digital · 
techniques is described. The system 
enables an infinite number of 
waveshapes to be generated by a 
basic fixed Walsh function generator 
feeding a set of digitally programmed 
attenuators. By mathematical 
analysis of known waveshapes the 
system may be used as a source of 
sound for music synthesis, provided 
that a voltage-controlled oscillator 
and filter are added to the basic 
system. Using additional hardware, 
time-dependent spectrum changes 
are possible. 

A sound may be represented by a series of 
sinusoidal components of particular fre
quency, amplitude and phase. The lowest 
frequency component is referred to as the 
fundamental, first mode, or first partial. 
Remaining components are then related to 
this fundamental frequency by simple 
ratios. Such a relationship is termed har
monic. Not all musical sounds are entirely 
composed of harmonically related partials; . 
non-harmonic components, that is partials 
which do not bear simple direct integral 
ratios to the fundamental, may also be 
present. This is the reason that simple 
harmonic analysis may result in a synthe
sized sound which lacks some of the char
acter of the original, even though care is· 
taken to mimic all other basic properties. 

In harmonic analysis, each partial is 
given the corresponding value of N in the 
harmonic series; the fundamental is the 
.first ha·rmonic. For a sound composed of 
frequencies in the ratios 1: 3: 5 for 
example, the second and fourth harmonics 
have zero amplitude, and it follows that 
the frequencies thn;e and five may be re
ferred to as the non-zero coefficients in the 
harmonic series of the sound under 
analysis. 

Consider now a further sound composed 
of frequencies in the ratios 6: 12: 15. Can 
this series be termed harmonic? It is al
ways possible to find a fundamental fre
quency of which a given series are harmon
ics; in this example the ratios are all 
multiples of three and can therefore be 
regarded as the second, fourth and fifth 
harmonics respectively of a fundamental 
frequency, three. In this case both the fun
damental and third harmonic are said to 
have zero coefficients. The fundamental of 
a harmonic series need not necessarily be 
present; if the fundamental is present it 

shouid be considered as a non-zero coeffi
cient in the normal manner. An interesting 
point is that if frequencies of 6, 12 and 
15Hz were combined, the resulting com
plex function would repeat exactly three 
times per second although the fundamen
tal has zero amplitude. In general 
therefore, any collection of frequencies can 
be arranged to fit into a harmonic series, 
although the fundamental may not be pre
sent. 

A second important point which must 
now be made is that there is only one 
characteristic phase and amplitude for 
each harmonic which will result in the 
desired waveshape being realised. How 
therefore can a harmonic series be set 
down such that both phase and amplitude 
information is given for all non-zero coeffi
cient harmonics? A wave of arbitrary phase 
can be represented as the sum of a sine and 
cosine wave both of zero phase with ampli
tudes given by the phase relationship of 
the original. It follows that a complex 
periodic function may be represented by a 
series of sine and cosine functions whose 
amplitude and period are dependant varia
bles. All that remains is to derive some 
method . whereby the relevant amplitudes 
may be located. This is Fourier analysis 
and was first formalized from the basic 
ideas of other workers by Fourier in 1822 
during his work on heat flow. The series of 
terms derived by Fourier analysis for a 
particular function is terms the Fourier 
series and indicates the magnitude of the 
sinusoidal components. In short, a com
plex periodic function such as a musical 
sound may be represented by a series of 
sine and cosine functions. But first it is 
necessary to perform harmonic analysis of 
the waveform to locate the non-zero coeffi
cient sinusoidal components and then ap
ply the Fourier analysis to determine the 
amplitude of the individual sine and cosine 
terms. 

Fourier sound synthesis 
By using a bank of quadrature oscillators 
-the frequency of which is set by har
monic analysis and amplitude set by the 
Fourier series of the waveform to be 
synthesized a reasonably accurate 
synthetic sound corresponding to the 
mode of vibration may be produced. To 
maintain the same characteristic sound 

· when fundamental frequency is changed 
the frequency of the generated harmonics 
must be altered proportionately. In 
practice this requirement has been the 

death knell of Fourier synthesis in com
mercial electronic instruments. For accu
rate synthesis, a large number of oscillators 
are required and the task for the electronic 
engineer, while not impossible, is complex 
since it is necessary to arrange that all 
oscillators remain in quadrature and track. 
each other accurately in frequency while 
maintaining constant amplitudes. 

Clearly some method is desirable 
whereby the attributes of Fourier analysis 
as applied to sound synthesis may be main
tained but the method of waveform gener
ation altered to remove the inherent practi
cal limitations. The method discussed 
removes these limitations by transfor
mation of the sine and cosine functions 
associated with the Fourier series to the 
rectangular functions of the Walsh closed 
normal orthogonal set. 

The transformation from Fourier series 
to Walsh/Fourier series for a given func
tion is purely mathematical, and has been 
detailed by K. Simens and R. Kitai, see 
reference 1. The principal advantage in 
transforming to the Walsh/Fourier series 
as far as sound synthesis is concerned is 
that the bank of quadrature oscillators em
ployed in direct Fourier synthesis is re
placed by a single master oscillator control
ling an appropriate digital function 
generator. Thus by using a single voltage
controlled oscillator the facility to play 
tunes is realised and the analogous Walsh 
harmonics, derived within the function 
generator, automatically track the master 
oscillator maintaining the characteristic 
sound of the synthesized mode of vibra
tion, independent of pitch. 

Properties ofWalsh functions 
Walsh functions were first investigated by 

•J. L. Walsh in 1923 and are of purely 
mathematical origin2• Collectively, they 
form a closed set of orthonormal functions. 
The functions are defined on a basic in
terval, in this case time. The sequence may 
then be repeated to form a set of periodic 
functions. During each interval the func~ 
tions may only take on the values of ± 1 
and are thus rectangular in form. If the 
basic interval is subdivided into 2n equal 
segments where n is an interger, then the 
corresponding number of Walsh functions 
which may be incorporated within the 
basic interval is r -1. 

The recursion relationship governing 
the form of individual functions has been 
translated to the appropriate digital form 
by H. F. Harmuth3 . Harmuth has shown 
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that once Walsh functions have been 
converted to zero and one logic levels; the 
recursion relationship reduces to modulo
two addition, the logical exclusive-or func
tion. 

Certain Walsh functions are analogous 
to a further set of mathematical functions: 
Rademacher functions. Rademacher func
tions are a set of square waves in simple 
geometrical progression, the recursion 
relationship for Rademacher functions, 
and hence the analogous Walsh functions, 
once translated in a similar manner to the 
appropriate digital form reduces to mod
ulo-two counting, the logical binary func
tion. It follows that a digital representation 
of the complete Walsh orthonormal set for 
a given value of n may be produced by a 
logic system comprising of exclusive-or 
gates and binary counters driven from a 
master oscillator. 

Before producing a suitable function 
generator it is necessary to decide on a 
suitable value of n. If harmonic followed 
by Fourier analysis is performed to obtain 
the appropriate Fourier series for a given 
function, the resulting series tends toward 
infinity; that is, the number of sine and 
cosine functions should ideally be infinite 
for perfect harmonic representation. 

It is no surprise that when the parallel 
mathematical analysis is performed to ob
tain the Walsh/Fourier series the number 
of Walsh functions required for perfect 
representation also tends toward infinity. 
This implies that the greater the value 
chosen for n, the more accurate the final 
waveform synthesis. In practice n must be 
limited to a value which is a compromise 
between acceptable accuracy of synthesis 
and the amount of hardware involved in 
the function generator. The effect of 
limiting n to a finite value will be consid
ered in more detail later. 

Basic Walsh 
function generator 
Given n=5 a generator will produce 25-1 
Walsh functions and the number of Rade
macher functions will be equal ton, that is 
5. The first requirement is to produce the 
five Rademacher functions. This is 
achieved by a simple five-bit synchronous 
binary down counter driven by the master 
oscillator. The analogous Walsh functions 
thus produced are wal31, wallS, wal7, 
wal3 and wall at consecutive outputs of 
the binary counter. The remaining Walsh · 
functions are formed by performing mod
ulo-two addition of the functions so far 
derived in the appropriate order. Wal2 for 
example is formed by modulo-two addition 
of wall and wal3. The three functions ly
ing between wal7 and wal3 are formed as 
follows: wal6 is formed by modulo-two 
addition of wal7 and wall; wal5 is formed 
by modulo-two addition of wal7 and wal2 
and wal4 is formed by modulo-two addi
tion of wal7 and wal3. The sequence is 
straightforward from the examples given. 
The table lists the complete arrangement for 
all 31 Walsh functions when n=5. The 
system may be extended for higher orders 
of n if desired by simply increasing the 
number of counter sections and exclusive-
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Generation of first 32 Walsh functions (waiO excluded) using binary 
counters and exclusive-or gates. 

Function Modulo- 2 Modulo.: 2 
Division Addition 

wal31 Oscillator 
wal30 wal31, wal1 
wal29 wal31, wal2 
wal28 wal31, wal3 
wal27 wal31, wal4 
wal26 wal31, wal5 
wal25 wal31, wal6 
wal24 wal31, wal7 
wal23 wal31, wal8 
wal22 wal31, wal9 
wal21 wal31, wal10 
wal20 wal31, wal11 
wal19 wal31, wal12 
wal18 wal31, wal13 
wal17 wal31, wal14 
wal16 wal31, wal15 

or gates and using the same basic se
quency. 

Synthesis of functions 
using Walsh harmonic bank 
To synthesize a function it is necessary to 
resolve the Walsh/Fourier series. The non
zero coefficient functions of the series 
which lie within the range of-the generator 
are then selected and mixed in the propor
tions indicated by the series. 

For example, the non-zero coefficient 
functions in the range 0 to 31 for the 
triangular wave given by the Walsh/ 
Fourier series are wal2, wal6, wall4 and 
wal30. Their relative amplitudes are +0.5, 
+0.25, +0.125 and +0.0625 respectively. 
Thus, by selecting these four functions 
from the Walsh harmonic bank and sum
ming them in the relevant proportions, a 
triangular wave is synthesized. 

The frequency of the waveform depends 
on the basic interval chosen for the Walsh 
functions which is in turn determined by 
the frequency of the master oscillator. If 
the waveform is to have a frequency f, then 
the master oscillator frequency must be 2n 
J, where n is as previously defined. 

Perfect harmonic/ synthesis is only pos
sible when an infinite number of Walsh 
functions are employed. When a finite 
number is used the synthesized waveform 
appears in a sampled form, the sample rate 
being 2n per period. This results in the 
wave having 2n discrete levels within each 
period. To remove this appearance, it is 
necessary to integrate the function; in 

. practice this can usually be achieved by 
simple low-pass filtering. Fig. 1 shows the 
appearance of the triangular wave just 
discussed before low-pass filtering. 
Naturally the number of samples and 

> 

Fig. 1. Triangular wave is synthesized by 
selecting four functions, wa/2, wa/6, wal14 
and wa/30, and summing in relevant 
proportions 

Function Modulo- 2 Modulo- 2 
Division Addition 

wal15 wal31 
wal14 wal15, wal1 
wal13 wal15,wal2 
wal12 wal15, wal3 
wal11 wal15, wal4 
wal10 wal15, wal5 
wal9 wal15, wal6 
wal8 wal15, wal7 
wal7 wal15 
wal6 wa17, wall 
wal5 wal7, wal2 
wal4 wal7, wal3 
wal3 wal7 
wal2 wal3, wall 
wall wal3 

therefore the accuracy of the waveform can 
be increased by employing a higher order 
of n but at the expense of more hardware. 

Summing of the various Walsh func
tions may be performed by a standard 
virtual-earth operational amplifier arrange
ment, the proportions of mix being scaled 
to best suit the practical device. 

If the master oscillator is made voltage
controlled the frequency of synthesized 
waveform may be adjusted in the tradi
tional manner. If large variations of fre
quency are required, the low-pass filter 
must also be voltage-controlled. 

Digitally programmable 
attenuators 
If each of the Walsh functions are fed to a 

. digitally programmable attenuator the out
puts of which are then mixed an entirely 
flexible system is produced which can 
produce virtually any desired waveshape. 
This, coupled with a voltage-controlled 
master oscillator and filter , enables a musi- · • 
cal device with infinite tonal qualities to be 
realised. Further, by altering the program 

· of the attenuators during the life of the 
wave, the spectrum may be made time
dependent, enabling wave shapes such as 
that of the piano to be synthesized. 

An experimental system is shown in Fig. 
2. Referring to this figure, a voltage
controlled oscillator generates a rectangu
lar waveform at a frequency 2n times 
higher than the frequency desired for the 
synthesized waveform. A Walsh function 
generator comprising binary counters and 
exclusive-or gates then generates, under 
control of the v.c.o., 2n-1 Walsh func
tions. Each Walsh function is then fed to a 
digitally programmable a tten ua tor 
(d.p.a.); only one path is shown in Fig. 2. 
The ,d.p.a. is controlled by a read-only 
memory (r.o .m. ) which stores up to 32 
eight-bit digital words. This enables up to 
256 levels of attenuation to be pro
grammed, any 32 of which may then be 
selected by addressing the appropriate 
digital word. The order in which the digi
tal words are selected is controlled by a 
sequencer which comprises of JK flip
flops and logic gates; the sequencer may 
also be made programmable if desired. 
The voltage-controlled oscillator which 
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feeds the Walsh function generator also 
feeds a divide-by-n counter. In this man
ner the period over which the coefficient of 
the particular Walsh function is varied is 
controllable. Once again, the counter cycle 
is made programmable. 

The output of each d.p.a. is then 
summed in a traditional virtual earth sum
ming amplifier, the output of which is fed 
to a voltage-controlled filter (v.c.f.), this 
being controlled by the same control 
voltage which controls the v.c.o. Thus, the 
v.c.o . and v.c.f. track together. The total 
system results in a waveform being synthe
sized in which the spectrum may be altered 
in a programmable manner, both in terms 
of type and rate of spectrum change. In 
practice the -sequence is initiated by the 
keyboard controller. 

Polyphonic waveform 
synthesis 
By the application of appropriate Walsh/ 
Fourier series both triangular and saw
tooth waveforms may be synthesized in a 
manner compatible with existing organ 
divider techniques. 

The principle by which polyphonic 
operation is achieved in electronic organs 
is well known. Briefly, pitches ratioed in 
accordance with the scale of equal tem
perament are generated for the highest 
octave; either 12 independent oscillators 
are employed or a single master oscillator 
working in conjunction with a digital func
tion generator. Lower octaves of each scale 
member may then be generated by the use 

Clock 

of binary dividers, as tones spaced at oc
tave intervals have a 2:1 frequency ratio. 
By this method, any number of pitches 
may be generated polyphonically, while 
the number of oscillators required need 
not exceed 12. Being of digital form the 
method has the disadvantage that only one 
waveshape is directly available at the di
vider outputs, namely a squarewave. For 
reasonable additive sound synthesis a 
minimum of two additional waveshapes 
should also be simultaneously available : 
triangular and sawtooth waves. 

Control 
vc.o. 

Function 
generator 

Modulo-n 
coun ter 
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If the organ dividers are arranged to be 
of the form shown in Fig. 3, the signals 
present at the various outputs become not 
only octave-related but also take the form 
of useful Walsh functions and may be em
ployed in direct Walsh/Fourier synthesis, 
enabling a practical circuit for the simul
taneous generation of square, triangular 
and sawtooth waveforms to be con
structed. 

Referring to Fig. 3, given that the index 
n = 5, five Walsh functions are directly 
available from the divider chain wal31, 

Programmable 
attenuator 

R.O.M. 

Sequencer 

v. C. F. 

Output 

Fig. 2. If each of the Walsh functions are fed to a digitally programmable attenuator and 
the outputs mixed virtually any waveshape can be produced. 

Fig. 3. Binary divider chain providing wal31, wal15~ wall, wal3 and wal1 at consecutive outputs. 

-Wal31 Wal30 -Wal 15 Wal14 -Wal7 Wal 6 - Wal 3 Wal2 - Wal1 

0 1--.._-..J QI--...._-..J 

K 

Clock 

Fig. 4. By adding inverters and four excusive- or gates triangle and sawtooth waveforms can be synthesized. 
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wallS, wa17, wal3 and wall at consecutive 
outputs of the divider. The Walsh/Fourier 
series of a sawtooth waveform, limited to 
the first 32 functions applicable when n """' 
5 is as follows 

-1wall, -O.Swal3, -0.2Swal7, 
-0.12Swal15, -0.062Swal31. 

The negative signs in the series are in- . 
terpreted as function inversion for practi
cal purposes. All the necessary functions 

for sawtooth waveform synthesis are 
directly available from the divider outputs, 
provided function inversion is taken into 
account. 

Now consider the Walsh/Fourier series 
of a triangular waveform: 

+O.Swal2, +0.2Swal6, +0.12Swal14, 
+0.0625wal30. 

None of these four functions are directly 
available at the divider outputs. But the 
table shows that these four functions may 
be derived by the use of only four exclu
sive-or gates·. The complete arrangement 
for deriving all the necessary function for 
synthesis of both triangular and sawtooth 
waveforms is detailed in Fig. 4. 

To sum these functions accurately in the 
relevant proportions they are rewritten in 
more familiar binary~weighted forp1: 

+24wal2, +23wal6, +22wall4, 
+21wal30. 

and for the sawtooth wave: 

-24wall, -23wal3, -22wal7, 
-21wall5, ~2°wal31. 

By applying the functions to the appro
priate inputs of two d-to-a converters, ac
curate summation of the functions may be 
realised. Although of higher cost, d-to-a 
converters have two distinct advantages 
over operational amplifier summators. 
Firstly, as the output of a converter is in 
binary-weighted proportion to a single re
ference voltage or current, the accuracy of 
summation becomes independent of any 
variations in the logical 1 or 0 levels pre
sent at the outputs of the dividers or exclu
sive-or gates. Secondly, high accuracy 
summation resistors need not be fab
ricated. 

Fig. 5 · shows a practical circuit de
veloped for evaluation of the system using 
readily av!lilable integrated circuits. For 
economy, the facility for simultaneous 
waveform generation has been dropped 
during evaluation; only a single d-to-a 
converter is employed together with some 
additional data selection logic. 

Digital-to-analogue 
conversion 
The d-to-a converter is the six-bit 
Motorola MC1406L, whose digital inputs 
are compatible but inverting which must 
be taken into account when selecting ap
propriate outputs from the dividers. The 
device requires an external reference for its 
operation and, as the output is in the form 
of a current ratio, current-to-voltage 
conversion is also necessary in this particu
lar application. The reference for the 
MC1406L device, IC8, consists of the tern-
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perature-compensated zener diode with a 
current of 7 .SmA supplied through Rll 
with C1 providing a.c. decoupling. Be
cause the negative reference input (pin 13) 
of ICs is the high impedance node of the 
internal reference amplifier, buffering is 
not necessary. The device requires its re
ference in the form of a current, deter
mined by resistors to pin 12 and the refer
ence voltage . With the potentiometer set to 
mid-position, the values are selected to 
produce a reference current of - 2mA. 
The value of R3 is selected so that both 
reference input points have the same 
source impedance, to reduce reference cur
rent error and temperature drift. The in
ternal reference amplifier also requires 
compensation to maintain stability; with 
the values selected for the input resis
tances, the compensation capacitor C2 
must have s minimum value of 180pF to 
maintain an acceptable phase margin. 

The output of IC8 (pin 4) provides a 
current which is a linear product of a six
bit digital word and an analogue reference 
voltage. The output current is negative 
and is defined from the equation 

where I ref is the reference current and A 1 
through to A6 are the digital inputs, m. s. b. 
through l.s. b. respectively, An = 0 if the 
input is at logical 1, and An = 1 if the 
inp_ut is at logical 0. As the voltage at the 
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(See text) 
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Fig. 5. Practical circuit for system evaluation omits simultaneous waveform generation for economy. 
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output must not rise above ±0.4V for ac
curate conversion, simple resistive cur
rent-to-voltage conversion is not practical 
and an op-amp converter IC9 is used. The 
virtual-earth effect of the amplifier main
tains the voltage at pin 4 of IC8 within the 
permitted value, while the output voltage 
(-I oRo) may be set to any reasonable 
value by the suitable selection of Ro. With 
Ro set at 2. 7kil, the output voltage may be 
set to a peak value of +SV by adjustment 
of the reference current control. Capacitor 
Co provides low-pass filtering of the output 
waveform; the operational amplifier is a 
741 general-purpose device. 

Digital function generation 
and selection logic 
Although the MC1406L device is a six-bit 
d-to-a converter, only five-bit conversion 
is required in this application. To maintain 
maximum accuracy during conversion, the 
input corresponding to the least-signifi
cant-bit is dropped and disabled by 
connecting to +SV through R7• The re
maining most-significant-bits are supplied 
through data selection gates. The four 
most-significant-bits are supplied with an 
SN741S7N, quadruple 2-to-1-line data 
selector, IC7 . Hence either of two func-

. tions may be. presented to each of these 
inputs as required. The least-significant 
fifth-bit is a special case, since it is not 
required during triangular waveform 
synthesis if the desired sample-rate is de
fined on the time axis. This bit is therefore 
supplied through a simpler nand-gate ar
rangement, IC1. 

The data selectors and nand-gate are 
controlled by the switch. With it open-cir- · 
cuit, the B-inputs of the data selectors are 
allowed to their respective d-to-a conver-. 
sion points, namely: 

wall toAb wal3 toAz, wal7 toA3, and 
wallS toA4. 

In the case of the least-significant fifth-bit, 
the nand-gate is allowed and the function 
-wal31 is inverted and transferred to the 
respective d-to-a conversion point As. 
After taking into account the inversion 
provided by the ·d-to-a inputs, all the func
tions necessary for sawtooth waveform 
synthesis are presented, namely -wall, 
-wal7, -wallS, and -wal31. With the . 
switch closed, as shown in Fig. 5, the A
inputs of the data selectors are allowed to 
their respective d-to-a conversion points, 
namely: 

-wal2 to Ab -wal6 to A 2, -wall4 to 
A3, and -wal30 toA 4• 

In the case of the least-significant fifth-bit, 
the nand-gate is now disablt!l and a logical 
1 is applied to disable the respective d-to-a 
conversion point A5• Hence, after taking 
into account the inversion provided by the 
d-to-a inputs, all the functions necessary 
for traingular waveform synthesis are pre
sented, namely wal2, wal6, wall4, and 
wal30. Dropping the least-significant fifth
bit during triangular waveform synthesis 
must result in this wave having a lower 
peak amplitude than that of the sawtooth 
wave. The amplitude variation is only 
around 3%, and is sufficient to warrant the 
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Fig. 6. Clock generator frequency is set to. ~f for testing dynamic operation of Fig: 5. 

otherwise necessary switching of the cur
rent reference. 

The divider, comprising IC3, IC4 and 
IC5, is a series of individually clocked 
master/slave flip-flops controlled appro
priately at their JK inputs via and-gates 
IC2• Collectively they constitute a five-bit · 
synchronous ripple-through gated binary . 
down-counter which generates the control 
of a clock-generator, five basic Walsh 
functions. Four true functions are 
supplied to the appropriate B-inputs of the 
data selectors, while a fifth and inverse 
function is supplied to the nand-gate as 
required. Four true functions are also fed 
to the exclusive-or gating where, in con
junction with a common function -wall, 
the necessary four additional inverse func
tions are generated. These four inverse 
functions are then supplied to the appro-

. priate A-inputs of the data selectors. 

Setting-up procedure 
Setting up the generator is straightforward 
and only requires the adjustment of the 
reference potentiometer. The procedure is 

- set switch to open position as in saw
tooth waveform synthesis 

- fit temporary link shown 
- J;IIOnitor positive d.c. output of the 

generator 
- adjust potentiometer to set d.c. out

put to +SV 
- remove temporary link. 

The generator may now be tested for cor
rect dynamic operation using a suitable 
clock generator, Fig. 6. For an output 
frequency f 0 , the clock generator fre
quency is set to 25fo· using the values 
suggested in Fig. 6, the output frequency 
is approximately 440Hz. Maximum 
operating frequency of the divider is 
around SMHz, while the maximum 
operating frequency of the d-to-a conver
sion section is predominantly limited by 
the slew-rate of the operational amplifier 
current-to-voltage converter. The value of 
C0 depends on the output frequency f 0 • It 
is suggested that initially the - 3dB point 
of the operational amplifier is set to 25f 0 • 

Thus C0 = 112n25foR 0• This gives a value of 
4.7nF. 

Practical extension for full 
polyphonics 
By applying appropriate Walsh functions 
to separate summators any number of dif
ferent waveshapes may be synthesized 
simultaneously at a given frequency. But 
for full polyphonics, simultaneous multi
frequency generation of these waveshapes 
must also be arranged. As an aid to locat
ing functions which form a useful geome
trical progression in sequency, an analogy 
with sine and cosine notation is again use
ful. Designating the odd and even indexed 
functions sal and cal respectively, one ob
tains 

sal(a') = sal(2a+ 1) 

where the sal function of index a' has twice 
the sequency of the sal function of index a, 
and 

cal( b ') = cal(2b) 

where the cal function of index b' has twice 
the sequency of the cal function of index b. 
From this it may be deduced that the func
tions at consecutive outputs of the divider 
are octavely related and form a geometrical 
progression in sequency. For multi~octave 
generation of the functions -wal31, 
-wallS, -wal7, -wal3, and -wall 

. therefore, it is only necessary to select the 
correct extended-divider outputs. -wall, 
for synthesis purposes at pitch A2(880Hz) 
for example, is the identical function 
-wal3, for synthesis purposes at pitch 
A1( 440Hz), and so forth. 

To extend the generator scheme for 
multi-octave generation of the functions 
wal30, wall4, wal6, and wal2 however re
quires separate groups of exclusive-or 
gates. For correct sequency, wal2 at pitch 
A2(880Hz) for example should be formed 
by modulo-two addition of the functions 
wall and wal3 at pitch A2, giving frequen
cies of 880Hz and 1760Hz for wall and 
wal3 respectively. 

Thus extension of the basic generator 
scheme to full polyphonic capability, while 
viable, requires a formidable amount of 
hardware in m.s.i. form. With a view to 

continued on page 82 
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Which way h. f. broadcast receivers? 
Proposals for the development of s.w. sets 

by Y.-C. Heng and R. C. V. Macario, University College of Swansea 

With a vast number of shortwave 
receiver sets around the world, 
estimated as being over l 00 million 
sets in regular use, and with a 
majority of listeners with little or no 
technical knowledge, using their sets 
in a wide variety of environments, it is 
worth taking a look at methods for 
improving the design of h.f. sets. The 
use of digital tuning techniques and 
the incorporation of microprocessors 
are discussed. 

According to conservative estimation, 
there exist in the world today between 200 
and 300 million radio sets capable . of 
shortwave broadcast reception. A regular 
audience approaching 100 million is also 
estimated. The figure must surely en
courage shortwave broadcasters, but also 
indicates how important is the function of 
shortwave broadcasting. It is also esti
mated that there are one million amateur 
radio enthusiasts (class A) around the 
world, but as this is only 1% of the sug
gested audience clearly the majority of 
shortwave broadcast listeners have relati
vely little technical interest or perhaps 
background and accept comparatively 
inexpensive receivers. In addition, listen
ers operate their sets either in an environ
ment with a high level of man-made noise 
or have a very inefficient aerial. On the 
other hand, they are usually hampered by 
difficult tuning operation, undefined sig
nal reception, and poor receiver stability, 
yet form the majority of shortwave borad
cast listeners. This article therefore sets 
out to discuss which way a shortwave 
broadcast receiver designer might go with 
regard to alternative design approaches 
and the discussion is supported by practi
cal demonstrations. The possibility of ap
plying microprocessors in popular 
shortwave broadcast receiver designs must 
also be considered and views on this ap
proach are ~lso included. 

What is required? 
In this section, difficulties of both manu
facturers and users of shortwave broadcast 
receivers are mentioned, but firstly re
quirements of users and recommendations 
of broadcast unions are also set down. 

In order to bring out the difficulties 
facing the .shortwave service, it is reason
able to know the distribution of shortwave 
broadcast frequencies in the radio spec
trum. It seems that the arrangement of 
radio spectrum has never been able to 

TABLE 1. Current proposals of h.f. broadcasting service 

PRESENT PROPOSAL 
FREQUENCY FROM 
ALLOCATION E.B.U. (1) 

3900 to 3950 (2l 3900 to 4060 

3950 to 4000 (2) 4750 to 4995 (2l 

4750 to 4995 (2) 5005 to 5060 (2) 

5005 to 5060 ·m 5740 to 6200 
5950 to 6200 7100 to 7500 

7100 to 7300 (2) 9400 to 9900 
9500 to 9775 11500 to 12025 

11700 to 11975 13600 to 14000 
151 00 to 1 5450 15100 to 15700 
17700 to 17900 17500 to 17900 

· 21450 to 21750 21450 to 21850 
25600to26100 25600 to 26100 

(1) E.B.U.: European Broadcast Union 
U.K.: United Kingdom 
A.B.U.: Asian-Pacific Broadcast Union 

(2) Shared with other services 
(3) Frequency in kHz 

TABLE 2. Present and proposed h.f. 
broadcasting frequency spectrum 

CURRENT WARC 
HF PROPOSAL 
BANDS (AFTER 1982) 

3.200 to 3.400 (2l BAND 1 

3.900to 4.000 (2) 3.950 to 4.000 (2) BAND 2 

4.750to 4.995 (2) 4.750 to 4.850 (2) 

4.850 to 4.995 (2) BAND 3 

5.005to 5.060 (2) 5.005 to 5.060 (2l 

5.950 to 6.200 5.950 to 6.200 BAND 4 

7.100 to 7.300 (2) 7.100to 7.300 BAND 5 

9.500 to 9.775 9.500 to 9.900 BAND 6 

11.700to 11.975 11.650 to 12.050 BAND 7 
13.600 to 13.800 BAND 8 

15.100to 15.450 15.100to 15.600 BAND 9 
17.700to 17.900 17.550 to 17.990 BAND10 

21.450 to 21.750 21.450 to 21.850 BAND 11 

25.600 to 26.100 25.670 to 26.100 BAND12 

11 ) Frequencies-are in MHz 

12l Shared with oth~H services 

totally satisfy any shareholder of the spec
trum. "How to best share the radio spec
trum for each different service?" will al
ways be a difficult technical and political 
exercise. Shortwave broadcasting in parti
cular is briefly considered here. 

In the past twenty years, the total 
shortwave broadcasting service (including 
in-band and out-of-band) has grown up 
from 11,000 to 27,000 daily frequency 
hours 1, and the problem of congestion is 
well understood. Re-allocation and expan
sion suggestions of the boradcast bands on 

PROPOSAL PROPOSAL 
FROM FROM 
U.K. (2) A.B.U. (1) 

2300 to 2495 3900 to 3950 12l 

3200 to 3400 3950 to 4000 l2) 

(except 3260 to 3265) 
3900 to 4000 4750 to 4995 12 l 

4750 to 5060 5005 to 5060 (2) 

(except 4995 to 5005) 
5830 to6200 5950to 6200 
7100 to 7500 7100to 7300 
9400 to 9800 9500to 9775 

11600 to 12000 11700 to 11975 
13360 to 13560 13600 to 14000 
15-1 00 to 15600 151 00 to 15450 
17500 to 17900 17700 to 17900 
21450 to 21850 21450 to 21750 
25600 to 26100 25600 to 26100 

shortwave tram the Asian Broadcasting 
Union (ABU), the European Broadcasting 
Union (EBU) and the United Kingdom 
before the 1979 World Administration 
Radio Conference (W ARC) are listed on 
Table 1. At WARC 1979, the frequency 
allocations in Table 2 were agreed and 
these will be available for allocation from 
January 1982. Table 2 also lists the pre
sent band planning. A glance at Table 2, 
and Table 1 for that matter, shows that the · 
broadcast bands are scattered between 3 
and 27MHz, with no simple arithmetic 
relation among them. ' 

Design difficulties 
Despite the ·general difficulties faced by 
radio receiver designers, there are some 
distinct problems for a popular low-cost 
shortwave receiver design. 

In 19S9, there were only a few transmit
ters with transmitting powers of over 
200kW, but during the last 20 years, their 
number has increased to about 400. They 
generate tens, in some cases hundreds, of 
millivolts at the antenna terminals when 
received. The trouble caused in the re
ceiver is that strong signals generate . a 
large number of intermodulation products, 
strong enough to give the appearance of 
liveliness, yet masking weak wanted sig
nals. How to distinguish the wanted weak 
signal from massive strong unwanted sig
nals is always a major techni.cal task. 
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45,455MHz 
crystal 

oscillator 

48·2MHz 
to 71 ·1MHz 

4-BMHz 
crystal · 

osriillotor 

Fig .. 1. First approach for a functional system. 

A free-running local oscillator in a 
superhet receiver is always troublesome, 
especially when the first intermediate fre
quency is set to a high frequency to im-

. prov~ image rejection ratio. 
Even with the most sophisticated 

mechanical tuning dial design, a resolution 
of 10Hz at 30MHz can really never be 
achieved. One can therefore imagine the 
outcome of the accuracy of a . normal 
popular shortwave broadcast receiver. 

Good shaping of the selectivity curves of 
the r.f. and i.f. stages offer a direct way of 
rejecting unwanted signals, but cost is a 
factor when seeking good selectivity 
curves. 

Due to skywave transmission, a fading 
phenomenon is inherent with shortwave 
broadcast reception; a way to conquer this 
problem should always be considered. 

User's difficulties and 
requirements 
No need to say, as often as iot the de
signer's difficulties mentioned above are 
overcome in a popular-model shortwave 
broadcast receiver design by being trans
ferred to user operation and reception dif
ficulties. 

Difficulties to tune to a desired station, 
and maintain that listening st.ation from 
drifting, unavoidable interference and 
spurious signals due to poor linearity and 
selectivity, audio output variations due to 
fading effects, are some of the major diffi
culties facing users. What do the users 
want? The users simply want easy opera
tion, good performance and low cost re-

Coarse tuning 
voltage 

generator 

ceivers, requirements of course, in almost 
direct conflict with manufacturers. 

After a joint meeting between represen
tatives of national receiver and transmitter 
manufacturers associations and an EBU 
study &"roup concerned with h.f. broad
castinff, a brief and pertinent description 
was suggested for a popular shortwave 
broadcast receiver design: it should be 
reasonably-priced, stable with product de
modulator and easy-tuned. 

Following this sugges~ion, the design 
philosophy is divided into four sections: 
easy operation, high stability, low cost and 
good performance. 

One way and better way to relieve the 
difficult task of mechanical tuning is to 
apply a digital tuning technique. Digital 
tuning can make it possible to tune quickly 
and accurately over a large number of 
shortwave broadcast stations. Incorpora
tion by means of frequency synthesizer 
circuits is discussed below. 

Tuning a station can be achieved by 
keying in frequency information, wave
length information, or a pre-assigned code. 
Before the idea of programme-labelling3'4 '5 

can be widely implemented, listeners still 
need to look up from a handbook or simply 
memorize the identity information of a 
station. It is tiresome to find out station 
identity information from a handbook each 
time, but it is also impractical to memorize 
such things as 5.339MHz or 56.19 meters 
of more than a few stations. Therefore a 
station assignment plan similar to the m.f. 
could be considered10 ,11 . For instance, one 
plan is to divide the whole shortwave 
broadcast spectrum into several "fre-
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Channel 

quency bands". Then in each band, sta
tions with agreed channel spacing. are 
given unique channel numbers. For 
example, the above-mentioned station 
could now have a pre-assigned code such 
as Band 3, Channel 79. With a station 
identity information simpler than a tele
phone number and using a keyboard entry 
technique, the user could tune to a 
favourite programme station easily and ac
curately. 

After tuning to a given frequency, an 
ideal shortwave broadcast receiver should 
stay tuned to that frequency without read
justment over an extended period. By ap
plying the frequency synthesis technique, 
the ideal condition can be approached. 

A frequency synthesiser can generate a 
very large number of local oscillator fre
quencies by programming and have the 
stability and accuracy equal to that of a 
single master crystal oscillator. Today, a 
crystal ocsillator stability of 1 part in 106 is 
easily achieved in a non~ovened but room
type environment; this implies remaining 
within ±5Hz when tuned to 10MHz. 
Many interesting synthesiser devices are 
now appearing on the open market, not 
necessarily originally developed for 
shortwave receivers, but which can be 
readil.y adapted for such purposes. In this 
article the Philips LN 123 and Plessey NJ 
8811 synthesisers are used in two different 
design approaches. 

To keep receiver cost down is almost 
mandatory. In general, manufacturing cost 
can be subdivided into material cost, 
testing cost and assembly cost. By using 
cheaper components, such as integrated 

WIRELESS WORLD JULY 1981 

Coarse tuning 
voltage 

generator 

4·2 MHZ 
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Fig. 2. Second approach for a functional system.· 

circuits, ceramic filters, etc., not only the 
material cost, but also the testing and as
sembly costs can be reduced. A suggested 
frequency allocation proposal which can 
reduce the price of the receiver system 
design is given in design approach 2. 

Good performance and low cost are not 
easy to reach at the same time by a de
signer, sometimes the two requirements 
are in direct conflict, but this does not 
mean a low cost receiver need not have 
good performance. To some extent, the art 
is how to distribute the expense over the 
design. Nevertheless, some specifications 
which should be considered as a "must be 
good" are listed here: 
(1) Linearity 
(2) Sensitivity 
(3) Selectivity 
( 4) Image rejection ratio 
(5) Frequency stability 

H.f. Receiver Design 
Approaches 
Having just specified the design require
ments, we now describe two designs which 
achieve the requirements, but which are 
based on quite different approaches. 

Fig. 1 shows a system block diagram. In 
this first system design approach, fre
quency allocation is based on the WARC 
1979 new agreement, listed in Table 2. 
The whole frequency spectrum is arranged 
to have 12 frequency bands and a channel 
spacing of 5kHz is assumed. Under this 
scheme, a broadcast station with a 
transmitting frequency at 9.64SMHz 
would now have an identity code: Band 6; 

Channel 30. To tune to this station, the 
operator presses the key 'B' first, opening 
the gate to the band memory unit and at 
the same time closing the gate to channel 
memory unit. The number '6' is then 
pressed and the memory display unit then 
shows this band number. The user then 
presses key 'C' reversing the above gate 
switch functions and then the number '30'. 
The channel display unit should then show 
this channel number. The actual digits . 

· stored in the band and channel memory 
units are b.c.d. coded. These b.c.d. 
numbers are then used as address codes to 
fetch the correspondent set of words from 
the eprom to progam the programmable 
divider. The vco (voltage-controlled 
oscillator) output, via a buffer and pres
caler stages, is divided down in the 
programmable divider and then sent to the 
phase comparator unit to compare with the 
reference frequency signal. If a different of . 
frequency or phase exists, an error voltage 
is generated through the loop filter to cor
rect v.c.o. frequency or phase in the usual 
way. With the correct v.c.o. frequency, 
the receiver is tuned to the wanted station 
frequency. 

The antenna r.f. signal is selectable by 
converting to the i.f. frequency. An up
conversion superhet system with a first i.f. 
of 45MHz and second i.f. of 455kHz has 
been adopted so as to ensure a high image 
rejection ratio. Double-balanced modula~ 
tors are used in these two conversion stages 
to improve various interference character
istics such as intermodulation products, 
spurious noise, etc. New low-voltage high
level balanced modulators, with which the· 
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manufacturers claim a third-order in· 
termodulation of -60dB and a ldB com
pression point of 1SdBm, are currently 
available. 

Although at the forthcoming W ARC 
HF conference in 1983, any possible 
planning of the shortwave broadcasting 
bands will be based on a double-side band 
(d.s. b.) sound broadcasting system, the 
introduction of single-side band (s.s.b.) 
transmissions has to be taken into ac
count2. A carrier reduction in excess of 
6dB, with respect to peak envelope pow~r, 
is also likely. A residual carrier is necessary 

. for the operation of automatic-gain-control 
circuits in the receiver and for frequency
locking or carrier acquisition purposes. On 
the other hand, a 12dB reduction makes 
for a sensible reduction of transmitter 

. d . 8 power consumption an runnmg costs . 
The upper-side band (u~s.b.) transmit

ting mode is likely to be used in the future 
shortwave broadcast s.s. b. transmission, 
therefore only u.s. b. detection is consid
ered in the s.s.b. detector design. As indi
cated a regenerated carrier signal from the 
carrier acquisition circuit mixes with the 
received carrier sig'nal in the product de
tector stage. The audio information is then 
amplified after a low-pass filter to the re
quired level through audio amplifiers. The 
nature of possible carrier acquisition cir
cuits is not discussed here for two reasons. 
Firstly such circuits are not easy to devise 
and secondly they deserve a long separate 
discussion. 

continued on page 80 
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DCBD 
l 

, ACCESSORIES 
THE BIG DUMMY'S GUIDE TO CB ....................................... £2.50' 
DV 27 ANTENNA FROM ........................................................ £4.40 
K-40 ANTENNA .................................................................... .£27.99 
MAG MOUNTS K-40 .............................................................. £8.80 
S.W.R./POWER METERS FROM ........................................... .£6.10 
PATCH 'LEADS ................................................................. ....... .£2.00 
2 AMP POWER SUPPLY FROM .......................................... £10.12 
3-5 AMP POWER SUPPLY FROM ....................................... £11.80 
ROGER-BLEEP ........ ................... .... ......................................... .£4.75 
POWERMIKE FROM .............................................................. £8.44 
EXTENSION SPEAKERS from .............................................. .£2.77 
AM/CB CONVERTER ......... .. .......... ......................................... £7.29 

AND MANY MORE CB ACCESSORIES 
: All prices exclude Carriage and V.A.T. 

OPENING HOURS: 
Mon.-Sat. 8 a.m. - 5.30 p.m. Sun. 10 a.m.-12.30 p.m. 

Just give us a ring on: 

Tavistock 0822-5865, ask for Transistor Kid. 
Tavistock 0822-5247, ask for Silicon Chip 
London 01-520 7236, ask for Rifleman. 
Bognor Regis 0234 828473, ask for Big Daddy 

STRUTT LTD. 
3d Barley Market Street 

Tavistock, Devon PL19 OJF. Telex 45263 

WW -037 FOR FURTHER DETAILS 

MEMORIES 
8 x 4116, 250ns ..................... ......... £9.00 
8 x 4116, 200ns .... ............ ....... .. ..... £9.50 
2716 ................................................ £3.00 
2732 ............................... ......... .. ...... £7.00 
2114L, 200ns .................................. £1.50 
6514, 200ns ......... ........................... £4.00 
6116L, 200ns ... ....................... : ..... £20.00 

f.IPD765 (8272) ............................. £20.00 
!lPD7002 (A-D converter) ............ . £3.00 
TIL delay lines, 1 OOns-1 Ons taps .£4.00 
TIL delay lines, 200ns, 20ns taps ... 
............. ....... ...... ....... ... ..... .... .. ....... .. £4.00 
Crystals- 5, 6 and 10M Hz ...... ..... £2.00 

All components guaranteed new, full 
specification devices. 
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MICROS 
8035L. ............................................. £3.50 
8243 ................ ..... ... ........... .. ........... £2.00 
8085A .. : .......................................... £5.00 
8085A-2 ........ .... ... ......... ............ ...... £6.00 
8155 ................................................ £6.00 
8155-2 ........................................... ; £7.00 
8251A ............................................. £4.00 
8253-5 ............ ...... .......................... £3.50 
8255A-5 .... ...................................... £3.50 
8257-5 ............................................ £6.00 
8259-5 ..... ....................................... £5.00 
8279-5 " .......................................... £5.00 
Z80 ........... ....................................... £4.oo 
Z80 PIO ......................................... .. £4.00 
Z8o CTC ......................................... £4.00 
Z80 DMA ............. ......................... £15.00 
Z80 SI0/0, SI0/2 ..................... .... £19.00 

All above are special offers while stocks last 

Please add P&P 30p. Add VAT to total 

BDS MICROSVSTEM DESIGNS LTD. 
28 Pinewood Close, St. Albans, Herts. AL4 ODS 

PURE GOLD! 
Top-quality, low-profile, gold-plated contacts, 

IC SOCKETS 
8 pin 
14pin 
16 pin 
18 pin 
20 pin 
22 pin 
24pin 
28pin 
40 pin 

8p 
14p . 
16p 
18p 
20p 
22p 
24p 
28p 
40p Unbeatable value! 

Minimum Order £10. Add £1 P.&P. 
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 .• 1 0 Wardour St., London, W .1 

WW- 042 FOR FURTHER DETAILS 

SIEMENS 
·\.. . \ \' ,\· PT80 with paper tape and needle 

\ \ or ink-jet matrix printing. "\ 
~\ .. \.\.. - ""- PTBO wide carriage needl 

\ , \. " or ink-jet matrix printing. 

A quiet word 
from Siemens 
Siemens produces a range of electronic teleprinters 
and printer terminals which are quiet, rugged and 
require little maintenance thanks to a plug-in fault 
diagnosis and modular design and construction. 
TELEPRINTERS are available in various 
configurations with, or without, paper tape facilities or 
keyboard, or with magnetic tape attachments that.will 
take the place of a tape reader and punch and provide 
a convenient method of storing messages. 
The Model1000 Teleprinter uses a plastic type wheel 
for high print quality, whereas the PT80-5 is a 
version ofthe PT80 but using the ITA (No 2) 
telegraphy code can be supplied with either needle or 
ink-jet matrix printing. Military orientated versions of 
the Model1000 Teleprinter (1000V) are available for 
specialised applications along with the Teleprinter 
1000 CA crypto teleprinter and ancillary equipment 
covering error correction and modulation and 
demodulation. 
PRINTER TERMINALS using the ITA (No 5) code, 
which is used with most computer installations can be 

'·, 

·,,_ ... ····-:· 

PT80 needle or ink-jet matrix 
printing. 

_ ... 

'· 

supplied with full tape facility with, or without\ a 
keyboard, or either needle or ink-jet matrix qrinting. 
The PT80i is a special high-speed bi-directional 
ink-jet matrix printer producing good quality' prints at 
speeds of up to 4,800 Baud. This machine can be 
supplied with or without a key pad and with either 
serial or parallel connections. 

l-
I I 

PTBOH needle matrix 
printer of tickets and 
standard forms. 

... ... . - --} 

Ink-jet printing is a method of printing in 
which Siemens has had a large involvement 
It operates at very low noise levels (less than 
50 dB) using plain paper. 

For complete details contact: 
Siemens Ltd., Siemens House, Windmill Road, 
Sunbury·on-Thames, Middlesex TW16 7HS 
Tel: Sunbury·on-Thames (09327) 85691 
Telex: 8951091 

Siemens-printer terminals are our business 
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THE W~W. DISK OFFER 
RE-OPENS AT LAST 

We have obtained a limited stock of European 

single sided drives so please get orders in soon 

Circle the enquiry number for data 

Total U.K. price including VAT at 15% and 
carriage, CWO 

ONLY £155 EACH INCLUSIVE 
(Drive £132, P and P £2. 78, VAT £20.22) 

Please make cheques and P.O.s payable to 
W.W. Disk Offer and send to: 

W.W. DISK OFFER 
49 Milford Hill 

Batford 
Herts 

Please call 0582-429122 to check on availability 
before ordering 

Allow 21 days for delivery. This offer applies to 
U.K. only and is subject to availability. For non 

U.K. orders send SAE for quotation 

WW- 020FORFURTHERDETAILS 

FLOPPY DISK DRIVES 
NOW EVEN LOWER PRICES 
UNBELIEVABLE BUT TRUE! 

READ ON! 

SIEMENS FDD - 1 00-8/FDD - 200-8 
Fully Shugart Compatible Siemens 8" s.ingle a~d d.o~ble sided disk drives are 
available now with unbeatable pnces at smgle un1t prrctng . 

Note these specifications : 

*TRACK DO SENSING 
*ACTIVITY INDICATION 
*MECHANICAL END STOPS AT 

TRACKS 00 AND 76 
*AUTO WRITE CURRENT 

SWITCHING ATTRACK43 

FDD 100-8 
Single Sided Single 

250 K 
or 

FDD 200-8 Single or 
Double Sided 500 K 

OTHER PRODUCTS 
CP/M2.2 
BASIC80 
BASIC COMPILER 
WORD STAR 
MAIL MERGE 
SUPERSORT 

*WRITE PRORECT CIRCUITRY 
* AUTO DISK EJECTION . 
*FAIL SAFE INTERLOCK WHICH 

PREVENTS THE GOVER FROM 
CLOSING ON A PARTLY INSERTED 
DISKETIE i 

FROM 
Double Density 

£249.95 500 K 

Double Density FROM 
· 1 MByte £349.95 

.C.W.O. 30DAVS 

71.50 75.00 
156.75 165.00 
175.75 185.00 
218.50 230.00 

66.50 70.00 
94.05 t 99.00 

l 

Full range of SO SYSTEMS S-1 00 CARDS & KITS ALSO AVAILABLE 

Send S.A.E. for further ·details 

IRVINE BUSINESS SYSTEMS 
P.O. BOX5 
IRVINE, AYRSHIRE 

TEL: (0294) 75000 
TELEX: 777582 
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PT80i high-speed ink-jet 
printer receive only. 

Model1000 Teleprinter with 
magnetic tape attachment. 

Model1000 CA crypto teleprinter 

\ ._ 

Model1000 
teleprinter rec.eive only. 

Model1000 Teleprinter
automatic send/receive with 
paper tape attachment. 

All models available for OEM as complete 'units or modules; also floppy disc drives. 
WW - 007 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


70 WIRELESS WORLD JULY 1981 

Frequency-hopping military 
radio produced 

A British firm, Racal-Tacticom Ltd, claims to 
be the first in the world to go into production 
with a frequency-hopping military radio . Some 
of the first models, which operate at v.h .f., have 
been ordered by the Ministry of Defence for 
evaluation by the British Army. Some are going 
to other NATO member countries and, accord
ing to the company, will be in service in Europe 
within the next few months. The purpose of 
frequency-hopping (an "electronic counter
countermeasure" in military jargon) is to avoid 
the unwelcome attention of jamming or in
terception of messages (known as "electronic 
countermeasures") . Instead of operating contin
uously in one channel, the radio communication 
system is designed so that the frequency, of 
both transmitter and receiver, automatically 
jumps about from channel to channel in a ran
dom sequence. The equipment developed by 
Racal-Tacticom is a speculative commercial 
venture which they have been working on for 
only three years. Gerry Whent, chairman and 
managing director of the company, says confi
dently that sales of the product, which includes 
vehicle and manpack versions, "throughout the 
1980s are likely to run into hundreds of millions 
of pounds from our traditional markets alone" . 

Parts ofthe v.h.f. band from 30 to 88MHz are 
available for use by military communications. 

Long distance 
digital music 
Casually switching on my tuner to Radio 3 
around lunchtime on the 17th May, I heard a 
superb performance of a Vaughan Williams 
symphony. Consulting the Radio Times, I disco
vered that the music was coming live from 
Shanghai as part of a tour made by the BBC 
Symphony Orchestra. The second half of the 
concert consisted of Beethoven's Fifth 
Symphony, and as an encore, the orchestra 
played a rip-roaring bravura Chinese piece 
called 'How the good news was brought from 
Peking to the villages'. All through the concert 
one was aware that the quality of the transmis
sion was superb and it astonishedyne to realise 
that it was coming from the other side of the 
world. 

On checking with the BBC, I learned that 
they had used for the first time NICAM-3 (Near 
Instantaneously Companded Audio Multiplex) 
which converts the stereo signals to digital form 
and then compressses them so that up to three 
stereo pairs may be sent over conventional 
2048kbits digital telephone systems. The signal 
was encoded at Shanghai, sent through a radio 
link to Peking, transmitted again via the geosta
tionary Intelsat over the Indian Ocean, received 
at the British Telecom station at Madley, sent 
through 'conventional' circuits to the BBC 
where it was decoded and retransmitted to us . It 
took about a quarter of a second for sound made 
in China to reach our ears at home in the U.K. 

Within this range nine 6.4MHz bands have 
been selected by Racal for frequency hopping; 
and within a chosen 6.4MHz "hop band" the 
frequency hops among 256 channels, each 
25kHz wide. T he method of achieving this, and 
the necessary synchronization between 
transmitter and receiver, were outlined in our 
earlier report on the prototype (December 1979 
issue, p.85). The hopping rate is described by 
the maker as "medium", which means some
where between 50 and 500 hops per second. Some 
idea of the spread-spectrum character of the 
transmission can be gained from the spectrum 
analyser display here. The horizontal, fre
quency axis represents the extent of one "hop 
band" of 6.4MHz. The small peaks are signal 
spectra and are a record of the successive fre
quency positions of the signal in about 35 of the 
256 channels over a fraction of a second . The 
large-amplitude peak in the middle of the screen 
is the spectrum of a strong jamming signal, and 
it can be seen how this is avoided by most of the 
positions of the frequency-hopped communica
tion signal. 

Up to SO "hopping nets", each using a dif
ferent hopping code, can be operated in the 
same hop band simultaneously - and possibly 
up to about 200 if they are not all working at the 
same time. Fixed frequency nets can also be 
operated in a hop band. The system can func
tion with one third of the available channels 

· occupied by other signals, such as fixed fre
quency, other hopping transmissions or jam
mers. Transceivers are controlled by a keyboard 
(see photo) and three rotary switches. The key
board is used for changing the mode of opera
tion, for entering codes and for checking. Day
'to-day operation requires the use of only two of 
the rotary switches. Transmission modes are: 
F3 simplex, voice, analogue information, and 
digital data at rates up to 16kbit/s. To protect 
certain frequencies in the hop band, or to avoid 
strong signals, up to 16 frequencies may be 
barred from the hopping sequence in any hop 
band. Racal say that the price of their frequency 
hopping radio set is about 20% higher than that 
of a conventional military transceiver. 

Spectrum analyser display shows a 
frequency hopping signal (small peaks) 
spread out over a 6.4MHz hop band. The · 
large amplitude signal in the middle is 
from a jammer. 

A 50-watt vehicle station. The central unit, 
with the keyboard, is the transceiver 
(output 10mWor4W) which is common to 
both the vehicle station and the manpack 
version. 

Shou.ld we buy Dutch radar? 
Although the value of the defence industry may 
be questioned in its ability to actually defend us 
against any potential enemies, one thing in its 
favour is that it provides work for the manufac
turers of defence equipment. All the more puz
zling then is the proposal by the MoD to pur
chase missile tracking radar from the 
Netherlands. The radar would be used in place 
of the Marconi GWS25 Seawolf tracker. The 

. MoD seems to be willing to accept a degraded 
performance and a lower environmental . stan
dard in exchange for lighter weight. 

Marconi Radar Systems are, understandablY, 
upset about this; the Seawolf has been in use 

with the Royal Navy and is in full-scale produc
tion . Over the past 35 years they have built up 
an expertise in tracking systems and have been 
working to enhance the performance of the 
system against low level missiles . 

Marconi have proposed a series of modifica
tions to make the Seawolf lighter while retaining 
the performance improvements at a comparable 
price. They point out that such equipment 
would also have considerable export potential, 
but if the Navy's decision goes against them 
there would follow the destruction of the design 
team and loss of employment in various fac
tories . 
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TV direct by satellite: 
It seems that we are going to need to learn 
another set of initials to denote yet another 
medium for telecommunications. This one is 
DBS, for direct broadcasting by satellite. The 
Home Office has issued a report on the options 
available and a possible strategy for instituting a 
system. 

Under a plan drawn up by the International 
Telecommunications Union (ITU) in 1977, 
the UK has been allocated five DBS channels 
which could be beamed towards the UK from 
a geostationary satellite of 31°west. Each chan-

~ nel would be capable of providing one tv service · 
~r a number of radio services with national cove

rage . Reception could be by individual 
households, in which case .an antenna and the 
appropriate converter would cost around £150 
to £200; alternatively there could be a commu
nity receiving station, distributed to households 
by cable. 

Various satellite systems are discussed in the 
document and their likely cost. For instance, a 
two channel system using ESA's European 
Communications Satellite would cost about 
£15m per channel per year over a ten-year 
period; a five-channel system broadcast via the 
L-Sat, ESA's large satellite would cost about 
£10.5m per channel. Cost could be reduced by 
starting with a pre-operational system with a 
spare satellite held for launching, though if 
there were a breakdown in the operational sate!-

Component 
supplies 
It is annoying to need a particular component 
and not to be able to find a supplier. We have 
received two catalogues from new suppliers and 
any new source is always welcome. Anglia Com
ponents originally started as a supplier of spare 
parts to retail radio and tv repair shops they 
have now expanded into a general component 
and tools supplier and still have some emphas (a 
whole separate section) on tv replacement parts. 
They have insalled a computer and offer to 
deliver all catalogued items by return of first 
class post. They can cater for low and high 
volume orders and can offer regular deliveries to 
high volume users . The newest issue of the 
catalogue describes in its 110 pages resistors, 
capacitors, semiconductors and industrial inte
grated circuits, opto-electronics, electrome
chanical components, tools, test equipment and 
linear i.cs . The catalogue is available from Ang
lia Components, Burdett Road, Wisbech, 
Cambs PE13 2PS . 

Another catalogue, from M.S. Components, 
also emphasises that all catalogued parts are 
dispatched on the day that the order is received. 
The catalogue is of a similar size to that from 
Anglia; it contains some 2,500 separate items 
and it is promised that there will be a new 
edition soon which will be increased to over 3,-
000 items. Among the many products one parti
cular service worthy of note is a transformer 
prototyping service. M.S. can supply, within 48 
hours, transformers within the range 3 to 50V A 
with the secondary voltage and current specified 
by the customer, with a set price for each trans
former of £5 .99. Another notable point is that 
M.S. encourage the amateur constructor. You 
do not need to be an account holder and can buy 
components over the counter on a Saturday 
morning, if you can get to M.S. Components , 
Zephyr House, Waring Street, West Norwood, 
London SE27 9LH. 

·lite, there would be no service until the replace
ment was launched. 

Also discussed at length is the content and 
quality of any proposed DBS service. With a 
worldwide reputation or the high quality of our 
domestic tv services and any new service should 
maintain that standard. Competition for the 
sake of audience figures can lead to a reduction 
in the range and quality of programmes avail
able to the public. With the introduction of the 

·fourth tv channel in the UK and the pilot cable 
services recently announced, there could be 
many channels available to the public. Another 
possibility is the extension of cable tv to a 
national service to provide broadcast pro
grammes and other telecommunications services 
to the home. Bearing all this in mind, the report 
suggests that a modest start would be prefera
ble, with perhaps only two channels.' 

The report goes on to discuss some of the 
programme options. The BBC has proposed 
that it should provide television programme ser
vices on two channels, one would be a sub
scription films, and other BBC special produc- , 
tions, opera, drama, music and extended 
coverage of sporting events; all these would be 
to run in the normal schedules. This service 
would not be financed from the net revenue of 
the tv licence fees. The second BBC DBS chan
nel would be used for a service of retransmis
sions of 'the best of BBC-1 and BBC-2' espe
cially for those who are unable to view the 
programmes at the time of the original transmis
sion. Another proposal for a subscription ch.an-

nel has come from the Granada group to consist 
principally of recent feature films. The Open 
University has proposed that priority should be 
given to an educational channel and this idea has 
been supported by a number of other organisa
tions. Teletext and information services are also 
mentioned. 

As regards the kinds of DBS serves that 
might be provided, the general consensus seems 
to be for a 625-line standard tv signal with the 
possibility of adding additional sound channels 
for stereo, sound tracks in different languages or 
separate radio services . 

Financing such a service poses major prob
lems and it is suggested that it may be operated 
by a separate body acting as a common carrier 
which leased the individual channels to the 
broadcasting bodies. The establishment of the 
system would require considerable initial capital 
outlay' and there is the continuing running cost. 
Licensing and subscription and advertising 
revenues are some of the possible sources. 

Finally there are environmental aspects of 
DBS to be discussed. The receiving antennae 
are likely to have some visual impact on our 
skylines although a dish as small as 40 to 50cm 
in diameter might be possible under favourable 
conditions. A community reception centre with 
cable distribution to the individual household 
might be preferable. For transmission to the 
satellite only one transmission station would be 
needed compared with the 1,000 or so, cur
rently in use for the terrestial service. 

EBU proposes a world digital · 

television standard 
Western European broadcasters, through their 
organization the European Broadcasting Union, 
have proposed a set of parameters as a digital 
television standard for studio equipment. They 
hope it will be adopted throughout the world . It 
will in fact be submitted to the final meeting of 
CCIR study groups on this subject due to be 
held in September this year in Geneva. The 
need for such a standard has arisen because 
more and more television studio equipment is 
going digital and compatibility between dif
ferent units is desirable . The EBU says that an 
agreed world standard would "mean less expen
sive equipment, because of the economies of 
scale, and benefit international programme ex
change. It would have important financial ad
vantages for users and manufacturers, lead to 
improvements in the technical quality of pro
grammes shown in a country with a different 
television system from the originating country, 
and assist the international exchange of techni
cal information on television production" . 

The EBU standard is based on coding of the 
separate components of the colour tv signal 
rather than the other possible approach, coding 
of the composite PAL, SECAM or NTSC 
colour signal. (Both of these methods have been 
studied by broadcasters for several years .) In the 
EBU proposal the luminance signal component 
is sampled at a frequency of 13.5MHz and the 
two colour-difference signal are each sampled at 
6. 75MHz. Thus the standard is called "13 . 5: 
6.75: 6.75" in shortened form. The EBU hopes 
these parameters will be applicable to both 525-
line and 625-line television systems and hence 
that the number of samples per television line 

wifl then be very similar. Because of the dif
ferent field rates, of course, the number of 
samples per picture will be different. 

The need for a worldwide standard in this 
field was the subject of a recommendation by all 
the unions at the 3rd World Conference of 
Broadcasting Unions held in Tokyo in 1980. In 
the USA the SMPTE has' been studying the 
problem for some years, and the EBU has co
ordinated its work with the investigations of this 
society. There are now indications of support 
for the EBU proposal from several ofthe broad
casting unions. For example, the Organizacion 
de la Television lberoamericana (OTI) has al
ready given its support and this is particularly 
significant because both 525-line and 625-line 
countries exist in the OTI area. Encouraging 
reactions are also said to have come from the 
North American National Broadcasters Associa
tion and the Union of National Radio .and 
Television Organizations of Africa. 

e Another digital standard soon to be estab
lished in the field of television is for viewdata 
terminals - but in Europe only. Its purpose is 
to standardize television sets as far as public 
viewdata is concerned so that a common set of 
integrated circuits can be used with any of the 
different viewdata systems, such as Prestel. in 
the UK, Bildschirmtext in West Germany and 
Teletel in France . At the time of writing the 
standard is expected to be ratified in June by the 
central organization of the European telecom
munication authorities, the Conference Euro
peenne des Postes et . des Telecommunica
tions (CEPT) at Bern. 
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Technologists detained in USSR 
Two professionai workers in the field of 
electronics have been arrested in the USSR after 
unsuccessful attempts to obtain exit visas to 
enable them to emigrate from the country. Both 
are Jews. Kim Fridman, an electronics engi
neer, was head of the test department in the 
Kiev Radio Works . Viktor Brailovsky, a com
puter scientist, was a senior research fellow in 
the Insitute of Electronic Control Machines, 
Moscow. 

Both men appear to have run foul of the 
Soviet authorities by holding cultural and scien
tific seminars in their homes, in spite of the fact 
that these meetings were conducted on strictly 
legal lines and had no political content. Kim 
Fridman's wife · Henrietta, who visited these 
offices recently, told us it is common prac~ice · 
for "Refuseniks"* to hold such seminars, 
mainly to continue their scientific education and 
keep their professional knowledge up to date. 
The charge against Fridman is "parasitism"; 

*"Refuseniks" are Soviet Jews who, having been con
sistently refused permission to emigrate to Israel, are 
harassed by the KGB; usually dismissed from their 
work, and live in fear of arrest and trumped-up charges 
resulting in imprisonment. 

that against Brailovsky "defaming the Soviet 
state and public order". 

Kim Fridman voluntarily left his job in Octo
ber 1969 in anticipation of a three-year wait 
before he would be allowed to submit his appli
cation to emigrate. The official reason for refus
ing him permission to leave the USSR is 
"secrecy" - presumably it was considered he 
had knowledge of Soviet radio technology which 
might be useful to an enemy of the state. Con
sidering the date he left his job, Wireless World 
has expressed scepticism OR the validity of this 
reason, which seems more like an excuse; and 
on the strength of our view the UK Foreign 
Office is arranging to have the Fridman case 
heard at the Madrid conference. Up to the time 
of his arrest in March 1981, Kim Fridman had 
been doing temporary, unskilled work but had 
been finding it more and more.difficult to obtain 
employment. 

Viktor Brailovsky asked for an exit visa in 
1972. This was refused in 1973 and shortly 
afterwards he was dismissed from his post at the 
Institute of Electronic Control Machines. It is 
thought that his arrest, in December 1980, re
sulted from his editing of a cultural journal 
"Jews in the USSR", but the charge of defam
ing the Soviet state appears to be contrived 
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because the journal, which ceased publication in 
June 1979, was not political. After his arrest, 
other scientists tried to go to his home for 
further seminars, at the invitation of his wife 
Irina, also a computer scientist, but were turned 
away by KGB officers. Some time in 1981 the 
IEEE expects to publish a paper by Brailovsky 
in their Transactions on Pattern Ana~sis and 
Machine Intelligence. 

All professional workers in electronics will be 
distressed to hear of the way these colleagues in 
the USSR are being treated by the authorities 
and will hope for success in the efforts currently 
being made to help them. 

New satellite earth 
station 
British Telecom are to build a new satellite 
communications earth station in Wiltshire. An 
87-acre site at Stert, near Devizes, has been 
purchased, and the first dish aerial is expected 
to be operating by early 1986. About six aerials 
should be working on the site by 1990. This is 
BT's third satellite tracking station, and has 
become necessary because capacity of Goonhilly 
Downs and Madley is limited. There will soon 
be further lntelsat satellites placed into geo
stationary orbits. Apart from these, Inmarsat, 
the international maritime satellite communica
tion system, which the new station will also 
serve, is expected to grow rapidly in the next 
few years, becoming operational in early 1982. 

At the time of writing lntelsat V-B, the 
second of a new series of nine international 
communications satellites, was scheduled to be 
launched on May 21 from Cape Canaveral. Like 
its predecessor, Intelsat V-B weighs 1,928 kg 
and has almost double the communications ca
pability of early satellites in the Intelsat series .:.... 
12,000 voice circuits and two colour television 
channels. It will be positioned in geosynchro
nous orbit over the Atlantic Ocean as the main 
satellite to provide communications services be
tween the Americas, Europe, the Middle East 
and Africa. 

Dennis Baker has been awarded the 
Martlesham Medal for 1981. Given _by 
British Telecom to present or former 
members of its staff, the medal is awarded 
for 'outstanding achievement in 
telecommunications science and 
engineering.' Mr Baker was responsible for 
introducing silicon transistors into 
submarine cable repeaters. He developed a 
system for bonding the extremely thin 
wires used in transistors onto the silicon 
chip. The repeater amplifiers used may be 
at depths of three miles with pressures of 
up to three tonnes per square inch. They 
need to have a guaranteed life of 25 years. 
The transistors developed by Mr Baker and 
his team have been in use in cables all 
round the world without failure for the past 
ten years. Mr Baker is also involved with 
integrated circuits and computer logic. He 
leads the team which is credited with 
coining the word 'microprocessor, and is 
currently working on small geometry 
circuits for the System X telephone 
exchanges, and on computer-aided design 
for large-scale integrated circuits. He is 
shown here holding microphotographs of 
the metal-to-silicon bonds used in the 
submarine amplifier transistors. 
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The twins paradox of relativity 
A composite reply to correspondence ari si ng f rom Professor 

- Drngle's October article 

from Professor lan M cCausland 
Department of Electrial Engineering, University of Toronto 

l am grateful for the opportunity to reply to 
various letters that have been sent to the Editor 
in response to Professor Herbert Dingle's arti
cle1. I shall start with Dr Tom Wilkie's letter 
(June issue), since it was in response to discus
sion with him that the article came to be 
written. 

I am sorry if Dr Wilkie feels that he has been 
singled out in an undesirable way by Dingle's 
article. I understand that Dingle had planned to 
rewrite the article in more general terms, with
out specific reference to Dr Wilkie, but he did 
not live to do this. I did think of making such 
alterations myself, but I was reluctant to tamper 
with what Dingle had written. 

Since Dr Wilkie describes his conviction that 
Dingle is wrong as being "unshakable", there is 
little that I can reply to him; but I would like to 
make some comments about his letter which 
may say something to others who may view the 
question as being still open. 

In reply to Wilkie's comment that "most aca
demic journals have for some years rightly 
viewed the matter as settled and regarded more 
discussion of it as a waste of paper", and his 
final plea to "let it rest", I would simply observe 
that he was the one who published the item 
entitled "The Twin Paradox revisited" in 
Nature in 1977, which led directly to the writing 
of Dingle's paper1. 

One of the interesting features of the res
ponses to Herbert Dingle's criticisms of special 
relativity has been the variety of attempts to 
answer Dingle's question about the relat.ive 
rates of the equatorial and polar clocks 
mentioned by Einstein in his original paper. 
Wilkie's answer is to say that it may be that 
there is an error or ambiguity in this example in 
Einstein's paper, and he later states that original 
papers may not be definitive because "second 
thoughts may change the author's mind" . It is 
interesting to note that, in the very example 
mentioned, we do have Einstein's second 
thoughts available to us. If one studies that 
example in the generally-accepted English ver
sion of Einstein's first paper (translated from 
the text in a German collection published in 
1922), one finds a footnote which excludes the 
case of pendulum clocks, but that footnote does 
not appear in the originally published version of the 
paper. The later addition of the footnote seems 
to me to confirm that Einstein did mean exactly 
what he said, and also confirms that the state
ment about the slowing of the equatorial clock 
was intended to refer to a real slowing, not 
merely something that depended on the point of 
view of the observer. 

According to Wilkie, Max Born answered in 
technical terms whose meanings were precise 
and well-defined. As an example of Born's 
precision, consider the following statement, re
ferring to the special theory3: "The simple fact 
that all relations between space co-ordinates and 
time expressed by the Lorentz transformation 
can be represented geometrically by Minkowski 
diagrams should suffice to show that there can 
be no logical contradiction in the theory." Since 
the Lorentz transformation is contained in the 
special theory , but is not the whole theory, it is 
illogical to claim that any property of the .. Lo-

rentz transformation is a sufficient condition for 
the whole theory to be free of logical contradic
tion. 

With reference to Wilkie's statement that the 
language of relativity is geometry, not English 

. or German, Dingle did not question the impec
cability of the mathematics of special relativity. 
But the theory is based on postulates expressed 
in words, and the mathematics is not the whole 
theory; it was the theory as a whole tqat Dingle 
criticized, not its geometry. 

I agree with Dr Wilkie that some of Dingle's 
critics have tripped themselves up by their use 
of words. However, this is not always because of 
the difficulty of expressing abstruse technical 
matters in words. Consider, for example, a case 
that I have documented elsewhere\ in which, in 
The Listener in 1971 , one scientist stated that the 
results of the Hafele-Keating experiment sup
ported special relativity, and another stated that 
the experiment had no relevance whatever to the 
special theory. Now, a statement that the results 
of a certain experiment support a certain theory 
is a perfectly simple factual statement (however 
abstruse and technical may be the reasoning that 
led to that conclusion), and the same applies to 
the contrary statement. The fact that the two 
statements are contraries of one another (they 
cannot both be true, though they might both be 
false) shows that one or other of the scientists 
(or both) misunderstood either the theory or the 
experiment (or both). Or it might mean that 
there is a contradiction in the theory. 

In the note mentioned above4, I documented 
several other unsatisfactory statements that have· 
been published by defenders of the theory. 
These cannot be dismissed as being merely 
poorly worded, since most of them were uttered 
by scientists who are prolific authors of books 
and who may therefore be reasonably expected 
to be able to write what they mean. I think we 
should keep in mind the words of the anony
mous diplomat (quoted by Sir Bruce Fraser in 
his revision of Sir Ernest Gowers' The Complete 
Plain Words) who said: "What appears to be a 
sloppy or meaningless use of words may well be 
a completely correct use of words to express 
sloppy or meaningless idea." · 

Wilkie's paragraph about all the scientists 
who did not choose to seek fame by dethroning 
Einstein is very interesting, but totally devoid of 
scientific basis . The pursuit of scientific truth is 
not aided by statements such as: "That no 
young student over the last 20 years has seen the 
chance to make his name by developing Profes
sor Dingle's ideas is eloquent testimony to the 
erroneousness of these ideas." 

Several other letters were received by the 
Editor with varying degrees of relevance to the 
problem at hand . Before dealing with individual 
letters , examine the nature of the problem. 
According to Dingle5 a paradox arises when, 
from the same premises P, two (or more) 
apparently contradictory conclusions X and Y 
seem inescapably to follow. It can be resolved 
only if one of the following four things can be 
shown: (l ) the conclusions are not in fact 
contradictory; (2) conclusion X does not follow; 
(3) conclusion Y does not follow; (4) the 
premises P contain an internal contradiction . 

73 
Furthermore, if we start with a pair of contra

dictory premises, then, as Popper6 has pointed 
out, we can infer any conclusion we like using 
valid rules of inference. 

How does this apply to our problem? Suppose 
that we have a set of premises P, and suppose 
that one scientist (D) deduces from those 
premises a conclusion X, and that another (E) 
deduces from the same premises a conclusion Y, 
which is directly contradktory to X. Each 
scientist may believe that he has shown by his 
own deduction that the other's deduction is 
faulty, but in fact both deductions might be 
perfectly valid deductions from premises P 
which contain an internal contradiction . 
Furthermore, even if hundreds of supporters of 
E come forth, each with a different argument 
showing that Y does in fact follow from P, these 
do nothing whatever to show that D's deduction 
of X from Pis faulty. To refute D's argument it 
is necessary to examine that argument itself and 
show that there is an error in it -in other· 
words, to show that conclusion X does not fol
low from the premises P . 

In reading the literature on the twin paradox, 
one finds many articles showing ingenuity, with 
varying degrees of originality, and picturesque 
detail, that asymmetrical ageing can be deduced
from Einstein's theory. Many of these articles 
present the arguments in such a way as to imply 
that they refute the deduction of the opposite 
conclusion (symmetrical ageing), when in fact 
their results merely contradict the opposite result 
and, for the reasons discussed above, contradic
tion does not imply refutation unless it is first 
proved that the theory from which the contra
dictory results have been derived is itself free 
from contradiction. 

For example, one of the correspondents, T. 
de Limelette, writes: "But I agree that the solu
tions to the paradox found in some texts are not 
all one could wish . I propose here my own. It is 
contained entirely within the special theory." I 
think it is dear from the foregoing that yet 
another presentation of the derivation of asym
metrical ageing, without showing what is wrong 
with the other argument, is not a solution to the 
problem that Dingle raised. T. de Limelette 
also comments on Dingle's article" as follows: "I 
wonder where Professor Dingle picked up the 
strange idea that two different observable des
criptions of the same events are not permissible. 
A description requires observers, apparatus and 
measurement procedures before it can be ob
served. These are not left unchanged by a 
change in the reference coordinate system. So 
why should the results of the measurements 
have to remain the same?" I am not quite sure 
that is the point of this comment, unless it is to 
suggest that the rather bizarre set of obser
vations envisaged by Dingle are in fact feasible. 

N . Thomas comes closer to dealing with 
Dingle's argument. The relevant paragraph of 
his letter is as follows: 

The situation according to Special Relativity 
is as follows (for instance, see Introduction 
to Relativity by L. Marder, Longmans 
1968). According to Paul the outward and 
return journeys take 11/z days each , whilst 
according to Peter they take IS years each. 
Thus Peter judges Paul's clock to be running 
slow by the factor 15x365/ l.S = 3650. 
According to Paul, Peter's clock runs slow 
by the same factor, and at the end of his 
outward journey Paul says that 35 1/z seconds 
have elapsed on Peter's dock whilst llfz days 
have elapsed on his own clock. Now suppose 
that Peter had previously placed a stationary 
clock synchronized with his own at the point 
where Paul reverses his journey. Both Peter 
and Paul will say that this clock reads 15 
years at the end of the outward jourhey, and 
this is how Peter assigns a duration of 15 
years to the outward journey. However, be-

www.americanradiohistory.com

www.americanradiohistory.com


74 

cause he is moving relative to Peter, Paul 
says that this additional clock is not synchro
nized with Peter's own clock but rather leads 
it by 1 S years minus 3S 1/2 seconds: this is an 
example of the relativity of simultaneity. As 
soon as Paul reverses direction he judges 
that Peter's clock now leads the local clock 
(which reads IS years) by IS years minus 
3S 1/2 seconds. Paul measures 11/z days on his 
own clock for the return journey (making a 
total of 3 days) whilst he judges that only a 
further 3S 1/2 seconds elapse on Peter's clock 
(making a total for the trip of 30 years). 
According to Paul, Peter's clock therefore 
races forward by 30 years minus 71 seconds 
during the reversal; as discussed by Einstein 
this can be explained using General Relativ
ity. (Alternatively, since Paul changes iner
tial frames it can be attributed within Special 
Relativity to a change in his definition of 
simultaneity). Special Relativity does not 
therefore predict that Paul is rejuvenated at 
the beginning of the return journey, and 
Dingle's refutation of the theory on this ba
sis is not valid. 

It seems to me that his is not a satisfactory 
answer to Dingle's article. It should be recalled 
that Dingle was discussing Einstein's own reso
lution 7 of the twin paradox, and that this resolu
tion required the use of general relativity. 
(Einstein's article7 takes the form of a discussion 
between a relativist and a critic; the discussion 
of the paradox starts from special relativity but 

· the critic asks for a resolution that satisfied the 
general theory, and it was that resolution that 
Dingle discussed in his article1

.) This seems to 
me to suggest that Dingle's argument must be 
met in terms of the general theory, not the 
special theory. 

The other point to be noted about Einstein's 
· resolution is that he agreed that it is perfectly 
valid to consider Paul to be fixed throughout the 
whole course of events, provided that the appro
priate fields of force are invoked. This means 
that we could ,_rephrase a passage in N. 
Thomas's letter as follows: "Now suppose that 
Pa~l had previously placed a stationary clock 
synchronized with his own at the point where 
Peter reverses his journey. Both Peter and Paul 
will say that this clock reads 1 S years at the end 
of the outward journey, and this is how Paul 
assigns a duration of IS years to the outward 
journey." (In case it may be argued that the 
fields of force associated with the initial parting 
of Peter and Paul might upset the synchroniza
tion of that clock, one can assume that Peter and 
Paul are moving uniformly relative to one 
another at the start of the process, so that no 
fields of force are needed at the original part
ing.) 

W. James writes that "Dingle gives a wholly 
spui'ious symmetry to the problem by assuming 
that the Universe is empty but for the two 
clocks in his analysis (although in the statement 
of the problem he also refers to the earth.)" I 
can find no such assumption stated; in fact 
Dingle talks about the earth and a distant 
planet, whereas Einstein's statement of the same 
problem defines it wholl1 in te~s of reference 
frames. Einstein's article does not use any other 
objects except the travelling twins to resolve the 
paradox, except that later in his paper, when his 
supposed critic suggests that the gravitational 
fields are fictitious, he states that "all the stars 
in the firmament can be conceived as participat
ing in the creation of the gravitation fields". I do 
not think that Dingle would have objected to 
this statement, and the fact that Dingle did not 
happen to mention all the stars in the firmament 
can scarcely be taken as equivalent to an as
sumption on his part that the universe is empty 
except for the two clocks. 

W. James aJso states: "The clock paradox of 
special relativity is stated in McCausland's 

article 'if there are two clocks in uniform relative 
motion the special theory of relativity requires 
each clock to run faster than the other'. . . ". In 
fact my article8 does not even mention the clock 
paradox, much less scare it. In the relevant 
context I quoted a passage from Davies9

, and 
then · suggested · that passage provided strong 
support for Dingle's claim that "if there are two 
clocks in uniform relative motion, the special 
theory requires each clock to run (not merely 
seem to run) faster than the other." If the pass

. age I quoted from Davies does not support that 
claim of Dingle's, then I think that someone 
should state clearly what it does mean. 

I. M. Crann states that Dingle tacitly assumes 
some form of universal time, and that this as
sumption of "absolute" time guarantees that 
contradictory results will be obtained. I do not 
think that Dingle makes such an assumption, 
any more than Einstein did. Einstein stated 
quite clearly, in the passage Dingle quoted, that 
retardation of a clock during one phase of the 
experiment was over-compensated by faster 
working during another phase, and that a clock 
works faster if located at a point of higher gravi
tational potential. I think that Dingle merely 
followed Einstein's argument to its inevitable 
conclusion. 

K Burnett (May letters) asks "Am I the only 
reader of Wireless World with an interest in phy
sics who finds the long series of articles on 
special relativity somewhat boring?" After mak
ing some interesting comments about theories of 
modern physics, he ends his letter by writing: 
"When a new more inclusive theory arises, 
which will enbrace quantum mechanics and 
general relativity, I suspect that few 'anti-rela
tivists' will like the result . But boring it won't 
be." 

I do not know the grounds on which Burnett 
bases his suspicion that few anti-relativists 
would like such a result. There seems to me to 
be 2 suggestion here that those who criticize 
relativity are like Luddites longing for a retreat 
to pre-Einstein physics, whereas in fact they are 
trying to suggest that it is time for the scientifiC' 
world to consider the possibility of moving on to 
post-Einstein physics. 

Some correspondents, such as W. James, 
M.H. de Ia Rica, R. V. Harvey, and A. B. 
Starks-Field, present alternative resoliaions, or 
partial resolutions, of the clock paradox. For the 
reasons given in my earlier comments, I believe 
that they do not meet Dingle's argument, be
cause they do not identify · a fault in his 
reasoning. M.M. Albahari (February letters) 
suggests a new experiment to test the validity of 
relativity by a test of the constancy of the veloc
ity of light, using time intervals four orders of 
magnitude greater than those in the Michelson
Morley experiment. A.H. Winterflood states 
that Dingle is wrong in believing that the ma
'thematics of special relativity is impeccable; he 
states that the mathematics of the theory is 
wrong, and refers to his recently-published 
book "Einstein's Error". Other correspondents, 
such as C.L. Thomson, W.T. Morris, J, de
Piere, ·F. Allen and J.A. MacHarg, contrib
uted interesting comments and suggestions, and 
V. Halsall contributed a discussion relating to 
Dr Essen's article in Wireless World dated Octo
ber 1979. 

There is . another letter which I think requires 
comment, namely a letter by J.H. Fremlin, · 
which appeared in New Scientist last year10• 

Some of the comments below were made in a 
letter that I sent to the editor of New Scientist in 
October 1980, but to the best of my knowledge 
my letter has not been published. 

Professor Fremlin stated that he would "like 
very much to refute the suggestion that oppo
nents of the theory of relativity find it difficult 
to get a proper hearing". He might like to refute 
the suggestion, but his letter certainly does not 
do so. The only evidence he presents in support 
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of his "refutation" is about things that were 
published, whereas the suggestion that he 
claims to refute is related to the fact that papers 
have been denied publication. There is no 
contradiction between the fact that some papers 
have been published and the fact that others 
have been denied publication. Unfortunately 
few people, except those who have direct exper
ience, are aware of the difficulty of having any 
paper published if it is critical of relativity. Part 
of the problem is that almost all · the evidence 
about papers that have been rejected is hidden 
from public view. 

To take a specific example, Professor Ding
le's paper1 was rejected by another journal be
fore his death. I have in my possession a copy of 
the relevant correspondence (which spanned a 
period of several months) between Dingle and 
the journal, but the journal has refused my 
request for permission to publish its part of the 
correspondence. 

Professor Fremlin's letter also dealt with his 
own personal correspondence with Dingle, and 
his (Fremlin's) demonstration of the difference 
to be expected between the ages of the pair of 
twins in the twin paradox. Although it is diffi
cult to comment on this without seeing all of the 
relevant correspondence, I suspect that Dingle 
considered the finding of an error in Fremlin's 
analysis to be a non-existent problem. He was 
convinced that the special theory contained an 
internal contradiction, and he knew that meant 
that it was possible, using valid rules of in
ference, to deduce from the theory any conclu
sion that one wished. 

Dr Wilkie did not think it was wise to publish 
Professor Dingle's article, because Dingle is 
unable to defend himself. As I pointed out in 
my note accompanying the article, Professor 
Dingle sent the article to me in the hope that it 
would eventually be published. I am conscious 
of the inferiority of my qualifications as a de
fender of Herbert Dingle, but perhaps I amy 
excuse my attempts by quoting a sentence from 
his last book, The Mind of Emily Bronce: "To 
disinter from a mass of diverse writing a com
mon substratum demands penetration of a far 
higher order, and the only ground on which I 
claim justification for attempting the task is the 
absence of competitors." 

In fact there is a significant number of scient
ists dissatisfied with the special theory of relativ
ity. Anyone who doubts this should read the 
August 1979 and October 1980 issues of the 
journal Speculations in Science and Technology. I 
happen to believe that Herbert Dingle was right 
in his thesis that the special theory is untenable, 
but I would not be so rash as to claim that I have 
an "unshakable conviction" on this. I am, 
however, firmly convinced that the problems 
raised by Professor Dingle have not been satis.; 
factorily solved. 
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·Low noise moving-coil 
preamp 
Noise performance of this design is about 
3dB below many similar commercial units, 
and the high-frequency response is -ldB 
at 150kHz without the 3n3 output capaci
tor. The output clips at about SOOmV and, 
below 150mV, distortion is caused solely 
by the push-pull input stage. Cartridges 
with high impedances 'will give lower 
distortion. High quality components must 
be used throughout and the circuit layout 
should be neat with no long connections. 
The circuit shown has been optimised for 
an Ortofon moving-coil cartridge, but 
other types should also be suitable. 

Performance 
Voltage gain 
Input impedance 

35dB 
200 

Output harmonic distortion (mainly 3rd) 
30 Rs . 60 

400mV 
150mV 0.13% 
lOOmV 0.1% 
50mV 0.05% 

0.32% 
0.1% 
0.056% 

Noise (unweighted 10Hz to 15.7kHz) re
ferred to input (includes hum) 
o.c 74nV 
s.c. 52nV 4 transistors as shown 

74nV 2 transistors only 
Frequency response 
-ldB at 15Hz 
- 3dB at 50kHz (see text) 
R. Lee 
Bradford 

Video summing 
amplifier 
A simple video summing amplifier and. 
limiter with an adequate bandwidth for 
modest c.c.tv applications can be built us
ing one LM318 op-amp. Because a sharp 
cut-off is required, to avoid overloading 
the monitor, the emitter-base junction of a 
transistor is used as a limit sensing ele
ment. Emitter current is(~+ l)Xbase cur~ 
rent provided by the dip-level potentiome
ter, which reduces the limiting slope by 
the factor ~. 

The circuit can be assembled on Vero
board provided that tracks to the op-amp 
are kept short. It is recommended that the 
10k0 feedback resistor is mounted across 
the top of the i.e. and the SpF capacitor! 
mounted underneath the board. The 
LM318 can drive directly into a 750 load. 
P. Newman 
Glasgow 

BC384C 
or 

BC1B4C 
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.----------From generators --------------, 

etc . 

-----------'---------4------~r-- Bus to filter No.2 

Avoiding tone breaks 
between adjacent notes .; 
When an electronic organ keyboard is 
divided into sections each using a different 
filter, as described by Dr Pykett, there is a 
noticeable change in tone when a single
note step is made from one filter to the 
next. This can be overcome very effecti
vely by grading the change. In the dia~ 
gram, note B drives filter no. 1, note C 
drives 66% filter 1 and 33% filter 2, note C 
sharp drives 66% filter 2 and 33% filter 1, · 
and noteD drives only filter 2. The change 

In 
Sk 

In 
Sk 

*Over- compensation 
components 

from -one filter to the next is therefore 
spread between four notes and the abrupt 
change of tone is eliminated. Mixing from 
the notes driving one filter should be at a 
low impedance input to avoid signals being 
fed back. 
J. H. Asbery 
Wembley 
Middx. 

Sp 

10k 

>---...... _.---u Out 

-12V 

10p Sk 

-12V 

+12V 
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Plotting oscilloscope 
waveforms 
This system enables a display to be plotted 
from an oscilloscope which has a delayed 
sweep facility. The oscilloscope is set in 
the A -intensified-by-E mode so an un
known signal is displayed with a bright 
portion showing the extent of the delayed 
sweep. The delayed sweep gate, a pulse 
which corresponds to the intensified 
portion of the waveform, is used· to operate 
a sample and hold circuit whose output 
voltage is equal to the waveform voltage at 
the end of the delayed sweep interval. The 
output is measured by a digital voltmeter 
and fed to the Y axis of a X/Y recorder. An 
X drive for the plotter is derived from the 
wiper of the delay-time multiplier poten
tiometer in the oscilloscope. To plot a 
waveform, the potentiometer is rotated 
through its full range, which drives the 
pen horizontally while the sample and hold 
circuit drives the pen vertically. The 
sample and hold circuit can be fed from 
the oscilloscope Chi out terminal, which 
provides the plotter with vertical deflec
tion features such as adjustable scale fac
tor, ac/0/dc coupling, and variable posi
tioning. 

Tq calibrate the plotter, ground the 
scope input, position the trace vertically at 
an appropriate reference point and scan 
horizontally using the delay-time 
multiplier control to write a reference line. 
The plotter is then adjusted for full deflec
tion, i.e. one inch for one c.r.t. horizontal 
division. As with any sampling system, the 
waveform must be repetitive, and trigger 
jitter on the oscilloscope will blur the plot
ter waveform. 

This arrangement can form the basis of a 
powerful computer controlled waveform 
acquisition system. Iq this case, the posi
tion of the B gate pulse is set by a control 
voltage from the computer. 

As the waveform samples are digitized 
by the computer, the control voltage is 
increased and the sampling position is 
sc~n~ed across the waveform. Although 
this Is a slow data acquisition system, the 
progress of digitization is visible. The 

ov 

-Vin 
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Unknown signal 

___ _J 

Sample and hold 

B ~te output 

Channel 1 input 
~~-;~D-_ el_a_y_t~1.m-e----~~): I~~ 

multiplier 

voltage which controls the position of the 
B sweep gate p~se must be derived from 
an external source, so the oscilloscope 
needs to be slightly· modified. 

The computer can determine many 
waveform parameters such as peak, mean, 
r.m.s. and harmonic content via the 
Fourier transform, but the bandwidth of 
the system is limited by the sample and 
hold circuit. A prototype system has been 
constructed using two ports in a PET com
puter to control the converters, and the 
digitization process was programmed in 
Basic. 
·P. D. Hiscocks 
Toronto 
Canada 

Lead from delay time multiplier pot 
broken and connected externally. 

""'15V 

0/A 

Plotter 

1-------o~Outp ut 
1---------1 port 

Unknown 
--------+--k:>l Ch. A in 
signal 

B gate Lor-+-----
Computer 

c~. A out lvt---

Oscilloscope 

Variable output regulator 
A small modification to the normal three 
terminal regulator circuit will provide a 
number of output voltages and retain the 
short -circuit protection of the regulator. 
Many designs have been published which 
increase the output voltage by returning 
the common terminal to a positive pedestal 
but, if the common terminal is returned to 
a negative pedestal, the output is reduced 
by the value of the pedestal. 

This circuit uses Zener diodes to pro-

I 

I ;x;.: 
L _____ · j 

AID Input 
port 

vide switched outputs below 15 V, 
however, the diodes could be replaced by · 
an adjustable low power regulator. A 
1N4002 protects the regulator from re- · 
verse voltage if the output is shorted. Dual 
supplies can be provided by adding the op
amp and transistor shown, but the nega
tive rail is not protected. 
]. McDonald 
Portsmouth 
Hants. 
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Designing with • microprocessors 
9- More on interrupt-driven circuits 

by D. Zissos and G. Stone 

Department of Computer Science, University of Calgary, Canada 

Procedures for the step-by-step 
design and implementation of 
interfaces in interrupt-driven 
microprocessor-based systems are 
described in this article. The authors 
show that the interface hardware is 
the same for both vectored and non
vectored interrupts, and that it is 
almost independent of the 
microprocessor chip used. Fully
worked out examples, using the Intel 
8080 and the Motorola 6800 chips are 
used to demonstrate these state
ments. 

As explained in the first article on this 
subject (June issue), interrupt-driven cir
cuits are used when sensitivity to the envi
ronment is needed. This would be the case 
with equipment and/or processes which, 
when they malfunction, require fast cor
rective action to avoid catastrophies that 
may result in damaging equipment, 
shutting down systems and so on. 

The concepts we used to develop such 
systems are straightforward, involving ba
sically the equipment or the process signal
ling the micro-processor when it· wishes to 
communicate with it, and waiting for the 
microprocessor to respond. This resulted 
in the development of an uncomplicated 
interrupt configuration, whose block dia
gram is shown in Fig. 7 in the June article. 
For ease of reference this diagram is repro
duced here as Fig. 1. 

The function of the interrupt controller 
in Fig. 1 is to generate the interrupt re
quest signal, IRQ, when one or more flags 
are present, and to provide the micropro
cessor, when it responds to the interrupt 
request, with some meaningful informa
tion which allows it to vector to the appro
priate service routine. The meaningful in
formation is denoted variable i. The design 
and implementation of interrupt control
lers and a review of support chips imple
menting their function will be considered 
in a later article. 

Interface hardware 
Although at first sight the design and im
plementation of the interface hardware 
might appear complex (particularly to the 
uninitiated), in practice it turns out to be a 
straightforward process, as we .shall 
demonstrate next. Our starting point is 
Fig. 1, which clearly indicates that the 
interface hardware is a logic circuit whose 
function is to monitor the status signals of 
the peripheral (which may be either equip-

ment or a process) and generate flag fn 
when the status signals indicate to it that 
the peripheral wishes to communicate with 
the microprocessor. The interface then 
simply waits for the microprocessor to res
pond electronically. 

Note that the flag simply requests a res
ponse from the microprocessor, which 
'may well be ignored, if masked by the 
programmer. To avoid blocking micropro
cessor responses to emergencies, an in
terrupt pin, which cannot be disabled by 
software, is also provided in most cases. 
The interrupt signal using this pin is re
ferred to as a non-maskable interrupt, to 
discriminate it from maskable interrupts, 
which represent requests rather than com
mands for microprocessor responses. 

When the microprocessor responds, it 
generates the electronic 'go ahead' signal 
which, as explained in the June article, 
consists of i/o signal(s) associated with 
predetermined i/o address(es) - see Fig. 
1. The nature of the 'go ahead' signal is 
described in detail in article 5, published 
in the October 1980 issue. On receipt of 
the i/o signal(s), the interface generates the 
command signals that drive the peripheral. 
In order to prevent the flag from contin
uously interrupting the microprocessor, 
the interface must clear the flag. 

· Since the interrupt controller does not 
send a ~ignal back to the interface, it fol
lows that interrupt interfaces are indepen
dent of the nature of the interrupt control
lers. That is, the interface hardware in 
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IRQ m.p. u. 
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interrupt systems depends only on the peri
pheral and not on whether vectored or non
vectored interrupts are being used. 
Furthermorei because the microprocessor res-
ponse consists of i/o signals, whose nature does 
not vary greatly from microprocessor to 
microprocessor, the interface hardware is 
almost identical for all types of microproces-:
sors. 

Interrupt interfaces, in common with all 
other interfaces, are designed and imple
mented using well-established procedures 
that always work1• We shall demonstrate 
the simplicity of the design procedures and 
lack of complexity of their implementation 
by means of a design problem, after we 
describe the nature of the interrupt soft
ware. 

Interface software 
As in the case of the interface hardware, 
the interrupt software is relatively uncom
plicated and should present no difficulty to 
the reader who possesses some knowledge 
of programming. In the author's exper
ience, the primary cause of misoperation in 
practice is lack of proper initialization 
procedures, which results in unwanted sig
nal spikes (glitches) that are generated on 
interrupt lines during hardware and/or 
software initialization of interrupt in-

Fig. 1. Basic configuration of an interrupt 
system (a repeat of Fig. 7 in the June is
sue). 
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( Start 

I 
Disable (mask) system interrupts 

I 
Disable all flogs 

I 
Enable (unmask) system interrupts 

I 
to .... 

IL_ Call "' 
Initialize i If r- Service routine 0 
and enable . t0 

Return , 
.- ' 

/ Return 

f1 
' 

L- Call / 

Initialize i If I' Service routine 1 
and enable t1 

Return , 
I ~ Main program Return 

..... 

~~ ~~ 

fn .., 
./ Call "' 

Initialize i/f ' Service routine n 
and enable fn Return , 

~ __, Return 
..... 

I 
Stop 

. . 
Flfl 2. System JnJtJaiJzatJon . 

Q--..-1 Required system 

Fig. 3. Block diagram of the event counter. 
Fig. 5. Block diagram of our solution of the 
event counter. 
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terfaces. An initialization procedure that 
avoids this problem is flowcharted in Fig. 
2. As an additional precaution, all in
terfaces that are not being used should be 
disabled. 

We mentioned earlier that during a 
program interruption, the re-entry point, 
consisting of 

1. The return address; 
2. The condition flags, and; 
3. The working registers; 

must be preserved during program in
terruption. In practice this information is 
stored in stack, which is a block of consec
utive locations in r.a.m. that can be 
accessed from one end on a last-in-first-out 
(lifo) basis. A stack is established in r.a.m. 
by loading a base address into the stack 
pointer. Every time a new item is put on 
stack the stack pointer is 'advanced' (de
cremented) and everytime an item is re
moved the stack pointer is 'retarded' (in
crementedi. This means that the base 
address points to the highest location in 
stack. 
PUSH~ POP and RETURN instructions, 

explained earlier, refer to explicit opera
tions in which information is transferred 

-between the microprocessor chip and loca
·tions in stack - specified by . the stack 
pointer. 

In summary, for the purpose of writing 
the interface software the only system fea
ture that one has to know, is the vectoring 
address associated with each of the in
terrupt flags one is generating. 

We shall now give an example to 
demonstrate the steps used to design and 
implement interrupt-driven microproces
sor systems. 

Design example - an event 
counter 
Pulses representing events arrive randomly 
on line q in Fig. 3. Our problem is to 
design an interrupt-driven system that 
would allow a print-out of the event-count 
to be produced each time switch m is acti-
vated. Activation of the switch, which can 
be assumed to ~e infrequent, resets the 
count. 

_ Curr~nt 
programme 

r-----------------------------~.---------------------~a 

f 
tReturn 

m f 
tReturn 

~!~~Count g routine _. .. 

====Print 
----routine 

Fig. 4 .. Software responses of the event 
counter. 
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Table 1 : Mnemonic and hex listings of the count and print routines used in the event counter 

INTEL8080 MOTOROLA 6800 COMMENTS 

Mnemonics Machine code Mnemonics Machine code 

Code Operands Opcode Operands Code Operands Opcode Operands 
COUNT ROUTINE 

PUSH PSW F5 
INR c oc 
OUT 62 03 62 
POP PSW F1 
El F8 
RET C9 

PRINT ROUTINE 
PUSH PSW F5 
MOV A c 79 
OUT 63 03 63 
MVI c 00 OE 00 
POP PSW F1 
El FB 
RET C9 

We will implement the design using an 
action/status printer, and either the Intel 
8080 or the Motorola 6800. 

Solu.tion 
Step 1: aim ofthe design. To demonstrate 
the steps used in designing and imple
menting interrupt interfaces. 
Step 2: resources. A microprocessor
based system and an action/status charac
ter printer. 
Step 3: our solution. Our solution consists 
of evoking a COUNT routine when an 

COUNT ROUTINE 

INC COUNT 7C 06 
STA A F002 87 FO 

CLI OE 
RTI 38 

PRINT ROUTINE 

LOA A COUNT86 06 
STA A F003 87 FO 
CLR COUNT 7F 06 

CLI OE 
RTI 38 

event is detected, and a PRINT routine 
each time switch m is activated, as shown 
in Fig. 4. The COUNT routine will be 
given a higher priority than the PRINT 
routine should signals q and m be both 
present before the program is interrupted. 
The block diagram of our solution is 
shown in Fig. 5. 

8080 implementation 
Step 4: hardware design. Reference to 
Fig. 5 shows that the basic functions of the 
interface hardware is to generate interrupt 

Save program status 
50 Increment count 
02 Clear count flag 

Restore program status 
Enable interrupts 
Return to 

interrupted program 

50 
Save program status 
Copy word count into A 

03 Print and clear flag 
50 Clear count 

Restore program status 
Enable interrupts 
Return to 

interrupted program 

flag / 6 when switch m is activated and sig
nal h when a pulse is received on terminal 
-q, and allow them to be cleared under 
program · control. The most straightfor
ward method of implementing these two 
functions is to use two JK flip-flops, as_ 

Fig. 6. (a) Interface hardware of the event 
counter problem using the Intel 8080 
microprocessor; (b) interface hardware of 
the event counter using the Motorola 6800. 
Note that the two interfaces are almost 
identical. 
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shown in Fig·. 6(a). Switch m is connected 
directly to the clock terminal of flip-flop 6, 
allowing it to be set each time switch m is 
pushed and released. Similarly the output 
of the sensor is connected directly to the 
clock terminal of flip-flop 7, which also 
allows it to set each time the sensor gener
ates a puls·e. 

We can allow the programmer to reset 
the two flip-flops by simply routing soft
ware-generated i/o pulses to their clear ter
minal. For this purpose, we can use two 
AND gates, 3 and 4, as shown in Fig. 6(a). 
The i/o addresses 63 and 62 are used for 
this purpose. That is, flip-flop 6 is reset by 
executing an OUT instruction with 
address 63 and flip-flop 7 by executing also 
an OUT instruction with address 62. 

To allow the programmer to enable or 
disable the interface, we can introduce a 
third JK flip-flop which is set by executing 
an OUT instruction with address 60, and 
reset by executing an OUT instruction 
with address 61, as shown in Fig. 6(a), We 
use the output E of this flip-flop to AND 
flags f6 and h. 

The final function of the interface is to 
activate the printer. We can either use a 
separate OUT instruction for this purpose 
or simply connect the output of gate 4 to 
the action terminal of the printer. This 
causes execution of OUT 63 both to clear 
f6 and activate the printer at the same time . 
This, in addition to saving an extra gate, 
also avoids using an extra i/o instruction. 
Step 5: software design. The COUNT 
and PRINT routines are shown in Table 1. 

6800 implementat ion 
Step 4: hardware design. We use the same 
procedures to derive the interface 
hardware of the Motorola 6800. The read
er's attention is drawn to the fact that the 
two interfaces are almost identical. 
Step 5: software design. The PRINT and 
COUNT routines are shown in Table 1. 

Well-defined steps for the design and 
implementation of interrupt interfaces 
have been demonstrated. Specifically, it 
has been shown that the interface 
hardware is the same for both vectored and 
non-vectored interrupts and that it is al
most independent of the microprocessor 
chip used. 

References 
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The next article in the series will deal with interrupt 
controllers. 

Correction note 
Data store by running average, May 1981, 
contained three incorrect hex bytes in the 
machine-code list . The correct values are 
underlined. We apologise for these errors. 
Address 
02E4 ~ 28 
036D BO ES 
03DO .M, "i6 
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Which way h.f. broadcast receivers 
continued from page 67 

The prescaler and prom devices used 
in the first system approach design are 
quite expensive at present. A 'direct entry 
without calculation' method could be used 
to replace the prom devices, but the cost 
reduction would be balanced out by add
ing twelve different crystal oscillators due 
to the fact that no simple arithmetic rela
tion exists among the shortwave broad
casting bands. An alternative approach is, 
however, to ask whether a rearranged fre
quency allocation plan could end up with a 
cheaper system design. Fig. 2 shows the 
system functional block diagram. The sug
gested frequency allocation proposal is 
listed in Table 3. The amount of spectrum 
allocated is the same; but the band edge 
starting frequencies are slightly offset from 
the current and proposed W ARC frequen
cies. 

TABLE 3. Suggest ed proposal 

rf (MHz) osc (MHz) offset (MHz) 
3.900 to 4.390 48.900 to 49.390 48.895 
4.600 to 4.945 49.600 to 49.945 48.895 + 0.700 
4.950 to 5.440 49.950 to 50.440 48.895 + 1.050 
6.000to6.490 51.000to51.490 48.895+2.100 
8.100 to 8.590 53.100 to 53.590 48.895 + 4.200 

10.200 to 10.690 55.200to 55.690 48.895 + 6.300 
12.300 to 12.790 57.300 to 57.790 48.895 + 8.400 
14.400 to 14.890 59.400 to 59.890 48.895 + 1 0.500 
16.500 to 16.990 61 .500 to 61.990 48.895 + 12.600 
20.700 to 21 .190 65.700 to 66. 190 48.895 + 16.800 
·24.900 to 25.390 69.900 to 70.390 48.895 + 21.000 

Prior to the programmable divider, the 
v.c .o. output is converted down twice, 
first by a ·fixed 48.895MHz frequency sig
nal, then by a correspondent band offset 
frequency signal generated from a one sig
nal source and selected through multiplier 
or dividers. After these conversions, the 
v.c.o. frequency is equal to the channel 
number times and channel spacing fre
quency; therefore the programmable di
vider can be programmed directly by the 
b.c .d. number in the channel memory 
unit . Because of the low v.c.o. frequency 
at the input terminal of programmable di
vider, no prescaler is required. After com
parison with the reference signal in the 
phase comparator unit, an error voltage is 
generated through the loop filter to correct 
the v.c.o. frequency. The fact that the 
prescaler and PROM devices are not re
quired, the whole system cost is greatly 
reduced because of the frequency allocation. 

·The r.f., i.f. signal amplification and 
selection, sideband detection and audio 
amplification are the same as the first 
system approach. 

' M icroprocessors 
Microprocessors have invaded almost 
every branch of electronic technology 
which includes radio communications as 
well. There is no doubt about some advan
tages of using microprocessors in product 
design, such as: "intelligent" products, 
easy design modification and reduced as
sembly and testing cost, is a long~term 
prospect. To see whether a popular 
shortwave broadcast receiver .could benefit 
from this new technology or not, we check 

the necessity of using microprocessors 
against the basic requirement of the 
majority shortwave broadcast listeners . 
(1) Easy operating: microprocessors 
could be used to replace Ch/ Band 
switching unit, memory unit and prom 
unit. 
(2) Good performance: no improvement 
after using microprocessors unless a 
sophisticated self-adaptive receiver6 design 
is implemented. 
(3) Low cost: one of the disadvantages of 
using microprocessors is the requirement 
of reinvestment for new tools and re
sources and possible re-training in produc
tion engineering. Although the unit cost of 
the microprocessor is low, the overall unit 
receiver cost could be the same as when a 
specially developed l.s.i. device . is pro
duced for a large number receiver market9 • 

Today, due to the advanced integration 
technique, most parts of the system block 
diagram could be integrated.as a few Ls.i . 
modules, and consequently the assembly 
·and testing cost could also be reduced. 
Therefore, unless a multi-functional re
ceiver is demanded6'7 ; we do not see :l 

desire to use microprocessors in popular 
shortwave broadcast receiver design. 

Conclusion 
Two system approaches have been des
cribed for a popular shortwave broadcast 
receiver design. Both demonstrate the 
simple "tuning by channel" operating phi
losophy. They also bring out realization of 
an easy-operating, good performance and 
low-cost shortwave broadcast receiver. 
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Electrical and mechanical units 
\ I 

are they the same? 

51 units, with L,M,T,Q dimensions, 
provide a single consistent set for 

. both mechanical and electrical 
applications. The presence of the Q 
dimension dist inguishes electrical 
from purely mechanical phenomena. 

"Units of the world unite: you have noth
ing to lose but your dimensionsf" If scien
tists used slogans as politicians do, this 
might have been the call for the introduc
tion of SI (Systeme International) units 
which unify electrical and mechanical 
units. As far as electrical units are con- : 

.cerned, they appear to involve little change 
from MKS units, though there is a change 
in the status of those odd but essential 
constants, Eo and ~- The change is more 
drastic in mechanical units, which might 
be said to have been brought into line with 
. el~ctrical practice. In particular, it is now 
recognised that heat and mechanical 
energy are within limits interchangeable, 
something which was demonstrated by 
Rumford in 1798 and first quantified by 
Joule in 1842. The result is that heat 
energy is in future to be measured in 
joules* instead of in calories. The equiva
lence is 'within limits' because the experi
ments of Rumford and Joule were con
cerned with the transformation of 
mechanical energy into heat; but the 
converse transformation is subject to Car
not's law, that the proportion of heat 
which cal'l be transformed to mechanical 
energy cannot exceed (T1 -Tz)ITt where 
T1 and T2 are the upper and lower tem
peratures, e.g. temperatures of boiler and 
condenser of steam plant. It is this limi
tation which gives rise to the allegation 
that electric power stations have an "effi
ciency" of only about one-third. 

To return to electrical units, we now 
have only one set of units instead of three: 
for example current is now measured only 
in amperes, discarding the c.g.s. electro
magnetic unit of current which was equal 
to ten amperes and the c.g.s. electrostatic 
unit which was equal to one-third of a 
nanoampere. (The reason for the ratio be
tween electromagnetic and electrostatic 
c.g.s. units being numerically equal to the 
velocity of light will appear later.) A 
separate idea which has been absorbed via 
MKS into the SI system is that of rational-

* For large quantities of-heat energy, which 
have often been expressed in tonnes of coal 
equivalent or tonnes of oil equivalent, the unit 
much bigger than a megajoule is the ex.ajoule 
(EJ) which is 10 18 joules. 

by D. A. Bell, F.lnst.P., F.I.E.E. 

ised units. This idea is that a factor involv
ing n can reasonably be expected in cir
cumstances involving spherical or circular 
geometry, e.g. the electric field around a 
charged sphere or the capacitance between 
concentric cylinders, but not where the 
geometry is planar, e.g. the capacitance 
between two parallel plane electrodes. 
(C .g.s. formulae are exactly the reverse of 
this .) The simplest electrical formula is 
that for the potential Vat distance r from a 
point charge q: 

V = - q -
4nEor 

(1) 

4n is the rationalising factor, since the 
system has spherical symmetry; and if q is 
in coulombs and r in metres, then Vis in 
volts . How does this happy coincidence of 
units come about? 
Through choice of a suitable value of Eo of 
course! So the first function of Eo is to be of 
the right size as a unit-forming constant. 
Mechanical units also are brought in 
through the formula for the force F be
tween two charges: 

F _ qiqz 
- 4nEof2 (2) 

The force F will be in Newtons. It is con
venient also to introduce the idea of an 
electric field E such that F = qE and E in 
volts per metre is given by 

q 
E = 4nEo? 

(3) 

So far it has been assumed that nothing 
else is present apart from the charges re~ 
presented in the formulae , i.e . that the 
charges are in a vacuum. (The results are 
very nearly the same if they are in air.) 
Now suppose the charges are immersed in 
a fluid having a property described as rela
tive permittivity Er (relative to a vacuum) 
which is none other than what we have 
long known as "dielectric constant": its 
value is usually dependent. on frequency 
and temperature, but is around 2.3 for 
benzene, 7 for porcelain and 80 for water 
at low frequency and room temperature. It 
is an experimental fact that equation (2) 
now becomes -

(2a) 

and so (3) is changed to 

· E = q/4JtE rEo,.Z (3a) · 

In order to obtain a quantity which de
pends only on q and r, not on the sur
rounding medium, (3a) is transposed into 
theform · 

ErEoE = q14n,.Z = D (3b) 

The new 4 uantity D was originally called 
the flux of electric induction. It has the 
useful property that the integral of D over 
any closed surface is equal to the charge 
enclosed (Gauss's theorem in rationalised 
units): this is obvious in (3b) if the charge 
is imagined to be surrounded by a sphere 
of radius r and therefore surface 4n,.Z. D is 
measured in coulombs per square metre in 
SI units. Note that Eo, as well as En has 

. been transferred to the left-hand side 
of (3b); and Eo, which we originally intro
duced as a constant serving to give the . 
right size of unit, is commonly called "the 
permittivity of free space", which is where 
the controversy begins. Some physicists 
argue that permittivity is a property of 
matter, and therefore free space cannot 
have a permittivity. Accordingly, they 
claim that the c.g.s. system of units is 
inherently correct in putting Eo = 1, be
cause in free space D must then be the 
same as E, not merely numerically equal 
to it. Engineers find it convenient to 
distinguish between D and E because engi
neering is concerned with the behaviour of 
material objects.t (It is also a link with 
displacement current, but that is another 
story.) However, there is also a conceptual 
argument that D is a causal property of 
charge and that E is an effect which may 
be modified by the interposition of a 
material medium having the property des
cribed by the constant Er; and Eo is not 
necessarily a pure number but is the con
stant factor relating effect E to cause D . 
This makes D appear to be more funda
mental than E, though in practice it may 
be difficult to say which is the hen and 
which is the egg! 

It is now known that magnetic pheno
mena are manifestations of currents, which 
can usually be identified with charges in 
motion. The relevant formulae look more 
complicated because a current, unlike a 
static charge, has direction as well as mag
nitude; and the equations therefore have to 
be in vector form. Most of them, however, 
can be obtained from the analogous 

t Perhaps one should qualify this as "old
fashioned engineering" , since there is now talk 
of "software engineering" . 
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electrostatic equations by the rule-of
thumb procedure "replace scalars and sea- ·· 
lar operations by vectors and vector opera
tions and replace liE0 by !-lO·" Thus the 
magnetic equation a.nalogous to (3) is 

dB= !-lQidl X arl 4nr2 

and the analogue of (2) is 

(4) 

dF=!J.oidlxi'dl' Xar~4n,.Z (5) 

Because the different parts of the current 
(circuit) may be at different distances from 
the point of observation, equation ( 4) gives 
only the contribution dB to the total mag
netic effect B at a given point, the contri
bution being that due to a short element idl 
of the current, which is at distance r from 
the point. The quantities in bold type are 
vectors, the symbol x here represents vec
tor multiplication and ar is a unit vector in 
the direction of r. Equation (4) means that . 
the direction of dB is at right-angles to 
both the direction of current flow and the 
direction of r. (This is part of the definition 
of 'vector multiplication'.) Note that an 
equation for B has been offered as anala
gous to the one for E, a consequence of 
replacing liEo by !J.o. In fact H is the 
property of current which is independent 
of surrounding medium (the analogue of 
Gauss's theorem forD is that the line inte
gral of H round a closed circuit is equal to 
the current enclosed) and therefore anal
ogous to D. This time we are accustomed 
to regarding H as a cause and B as its 
effect. Initially 1-lo also can be regarded as a 
unit-forming constant, the function of 
which is to ensure that the force between 
two currents comes out in Newtons. 

So much for units; but what of "dimen
sions"? It is familiar that all mechanical 
units can be related back to the fundamen- · 
tals of length, mass and time: for example, 
force = mass x acceleration leads to a 
dimensional relation [F)= [MLT- 2]. 

Some quantity additional to L,M and T 
may be needed for electrical phenomena 
and in the c.g.s. system this was taken as 
either E or 1-1 so that every quantity had two 
sets of dimensions as well as two sizes of 
unit. What can be demonstrated experi
mentally, by giving a capacitor a charge 
which is measured in c.g.s. electrostatic 
units and discharging it through a meter 
which measures the current in c.g.s. 
electromagnetic units, is that the ratio of 
numerical values in the two sets of units is 
equal to the numerical value ot the speed 
of light. It is, moreover, implicit in Max
well's equations that the velo<Jlty of propa
gation of electromagnetic radiation is 
li(!J.E)\!2 from which it is deduced that the 
inverse of the product of !! and E has the 
dimensions of the square of velocity. 

There is no certain method o(dividing 
the dimensions L -zrz between !! and E. 
But it seemed a plausible conjecture (no 
more) that since magnetic effects are due 
to charges in motion the dimensions of 
velocity squared should be associated with 
equation (5). Since current = charge/time, 
the current-length product idl is equiva
.lent to a charge-velocity product; and if !!a 
has dimensions which differ from those of 

Eo by L - 2T2 then 1-lo will cancel out the 
velocities in idl and i' dl' and we shall have 
force related to charge2/distance2 in both 
(5) and (2). It is tempting to suggest that if 
1-lo has only the dimensions of velocity-2 

and Eo is purely numeric, then the dimen
sions of charge can be expressed in terms· 
of L,M,T through either equation. But 
this could be a trap for the unwary. It is 
equally possible that there is an electrical 
dimension which appears equally in !-lo and 
l!Eo and therefore cancels out in the pro
duct !J.E. It is equally plausible, however, 
the electrical phenomena must involve 
more than the purely mechanical ·dimen
sions of length, mass and time. In SI 
units, therefore, one takes the reasonable 
step of taking Q as a further 
dimension to add to L, M, T. On 
this basis it is found from equations (2) and 
(5) that Eo and !J.o have dimensions 
L - 3M-1T2Q2 and LMQ- 2 respectively. 
M and Q cancel out in the product !!oEo, 
leaving the dimensions L- T2 of veloc
ity-2. One might wonder how this squares 
with the specification of Eo and !-lo in units 
of farads per metre and henries per metre 
respectively. The fact is that both farads 
and henries involve all four L,M,T,Q di
mensions (as can be seen from the fact that 
Y2CV2and Y2Li2 are energies) so that these 
specifications are still valid in the self-con
sistent system of SI units. The important 
difference between the MKS and SI 
systems is the SI postulate that Q should 
be taken as the electrical 'dimension', in 
contrast to both the c.g.s. and MKS~-1 
systems, though the MKSA system (A for 
ampere) was half-way there. But inciden
tally, Eo and !-to now have dimensions 
which is contrary to the c.g.s.-based argu
ment that D and E are identical in free 
space. I wonder how long the matter will 
be allowed to rest there. 0 

Literature 
received 
Engineering Bulletin 3539A from Sprague des
cribes a range of Tanite chip capacitors with 
conformal plated terminations. The capacitors 
are of the solid-electrolyte type, for use in hy
brid circuits. The bulletin can be obtained from 
the UK distributor, Hy-Comp Ltd, 7 Shield 
Road, Ashford Industrial Estate, Ashford, 
MiddlesexTWI51AV. WW401 

Catalogue of components and instruments is 
available from HRS Components, Ltd, 
Brasshouse Passage, Birmingham Bl 2HR 

WW402 

Short catalogue describing a range of plastic
film capacitors with values in the range IOOpF 
to 20[-lF can be obtained from Ashcroft electron
ics Ltd, 28 Somerford Road, Cirencester GL7 
ITW. WW403 

Leaflet on the 3M Videodata communication 
system for installation in buildings is available. 
This is nothing to do with a videotext system, 
but is concerned with the use of coaxial cables 
instead of multicore types to carry video and 
data throughout a building. The system is 
broadband, which allows the connexion of new 
equipment relatively cheaply. Copies from Mike 
Bellamy, Interactive Systems Group, 3M (UK) 
Ltd., 3M House, PO Box 1, Bracknell, Berk
shire RGI2l]U. WW404 
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Sound 
synthesis· 
using Walsh 
functions 

continued from page 64 

l.s.i. implementation, interested readers 
may like to consider the application of 
comput~r-generated Walsh functions. 
Clearly a microprocessor-based system 
could be realised enabling the software 
implementation of fully polyphonic musi
cal sounds. 

Effects of relative phase of 
harmonics 
If a sinewave oscillator is set to a frequency 
of 220Hz and its output summed after 
passing through a variable phase shift net
work with that of a second sinewave oscil
lator of frequency 440Hz, the resulting 
waveshape, displayed on an oscilloscope, 
alters as the relative phase of the two com
ponents is varied. If the waveform is also 
listened to however no apparent change in 
sound is perceived by the ear, regardless of 
the phase relationship. Therefore as far as 
steady-state sounds are concerned, the re
lative phase of the individual partials in 
direct Fourier synthesis is irrelevant. 

With regard to Walsh harmonics, B. A. 
Hutchins, whose work first prompted my 
interest in Walsh synthesis, has conducted 
synthesis experiments using different 
Walsh/Fourier series for the same wave
form and has demonstrated differences in 
tone colour which are directly attributable 
to the use of different phase relationships. 
The effect is connected with the problem 
of monaural phase. 4 Interested readers 
may like to generate the triangular wave 
mentioned earlier using the Walsh/Fourier 

· series than quoted, and compare the sound 
perceived when the alternative Walsh/ 
Fourier series +0.5wall, -0.2Swal5, 
-0.125wal13, -0.063wal29 is used. 

Acknowledgment. The concept of using 
Walsh functions for musical synthesis was 
first suggested by Dr C. Frederick of the 
Centre for Radiophysics and Space Re
search, Cornell University. o 
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LCRbridge 
Combined inductance/capacitance, 

· resistance and Q are the LCR Data
bridge 410's three manually selecta
ble function ranges. On the LC 
range the bridge distinguishes be
tween inductors and capacitors and 
gives the value and the appropriate . 
units automatically. All four func
tions have overridable auto-ranging 
through eight · decades. Measuring 
frequencies of 100Hz and 1kHz are 
selected manually, but an indica
tion is given when the component 
under test can be measured more 
accurately using the frequency not 
selected. A similar indication is 
given for series and parallel mea
surement modes when the best 
mode for a given component is not 
selected. Range limits are 1mf! to 
100MO, 0.1[-lH to 9999H, O.lpF to 
9999flF and 0.1 to 99 for Q mea
surements, all with a basic accuracy 

Video editing interlace 
Trigger Happy is designed to help 
organisations who have a U-matic 
edit pair of video recorders but who 
want to use material shot on low
gauge cassette or open-reel format. 
Built to a Fantasy Factory speci
fication, it "bridged the editing gap 
between consumer and U-matic 
formats", allowing fast editing 
from V2in feed decks (VHS, Beta, 
Sony 3670, National 3150) direct 
onto. a %in U-matic edit deck via a 
normal edit controller. 

Trigger Happy obviates the need 
for a transfer first onto U-matic 
with a resulting loss of quality, or 
for tedious stop-watch editing. It 
contains two counter-displays, one 
which counts control track pulses 
from the feed deck, the other which 
is preset to a number specific to the 
edit controller being used . A start 
pulse causes the U-matic edit deck 
to roll down to the edit point at 
precisely the right time . 

According to its designer, 

of 0.25%, ± 1 digit. Six push-but7 
tons are the only controls and the 
reading, obtained within one 
second of insertion of the compo
nent, is given on a 4-digit l.e.d. 
display. The unit of measurement 
is indicated by one of nine l.e.ds, 
except in the case of the Q range 
when all range l.e.ds are exting
uished. Input protection, a switcha
ble polarizing voltage for electroly
tics and a socket for external test 
leads or fixtures are also provided. 
Internally, a Z80 microprocessor 
carries out the control functions. 
An option is available with digital 
outputs for use with limits compar
ators, and the standard version 
costs £49). AIM Cambridge Ltd, 
Burrel Rd, Indust. Est., St Ives, 
Huntingdon, Cambs PE17 4LF. 

WW301 

WW303 
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A.m.!f.m. signal generator 
A fully programmable microproces
sor-con trolled signal genera tor 
covering the range I OkHz to 
1024MHz has been introduced to 
the market by Marconi Instruments 
Ltd. The manufacturers claim that 
the 2017 gives signals that are com
pletely free from non-harmonic 
spurious additions from 4 to 
1024MHz, ±I dB level accuracy, 
4V output across the complete fr€;
quency range and a sideband noise 
figure better than - 136dB/Hz at 
20kHz offset in the range 256 to 
512MHz. A slow-sweep facility 
provides an analogue sweep be
tween any two frequencies on one 
of nine carrier ranges so that spur
ious responses within a receiver ca~ 

easily be found. The carrier fre
quency can be stepped up or down 
in steps of any size and the total 
shift at any point indicated on de
pression of a key. Two methods of 
manual control are used: one digital 
using a keyboard, and one analogue 
using rotary controls. Program
ming via a general purpose in
terface bus (IEEE-488) extends the 
range of applications to include 
a. t.e. systems. The 2017 is said to 
be simple to use and a memory 
facility is provided so that up to ten 
frequencies can be sto'red for later 
use. Marconi Instruments Ltd, 
Longacres, St Albans, Herts AL4 
OJN. 

WW302 

Richard Monkhouse of Costronics, 
Trigger Happy Mk2 is easy to in
terface as modification data and kits 
are provided (stat~ feed deck and 
controller), no mechanical modifi
cations being needed except for fit
ting sockets. Price is £440 from sole 
distributors Fantasy Factory Video 
Ltd (a registered charity company), 
at 42 Theobalds Road, London 
WC18NW. 

WW303 

High-temperature 
thermistors 
The range of thermistors available 
from Electrautom has been ex
panded by the inclusion of the Mid
Temp series for temperatures from 
200 to 600°C. These devices can be 
used as temperature sensing ele
ments in cookers, soldering irons 
and photo-copier fuser rollers. 
Electrautom Ltd, Etom House, 
Queens Rd, Maidstone, Kent 
MEI60JG. 
WW304 
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Microcomputer 
Both a microcomputer for business 
and personal use and applications 
software are avfiiable from LSI 
Computers Ltd . . The standard M 
Three computer, manufactured in 
Great Britain, is based on the Z80 
microprocessor with 64K r.a.m., 
two double-density 5114in floppy 
disc drives, v.d.u. and keyboard 
with 109 keys, fourteen of which 
are programmable. 

Versions with the two 51!4in disc 
drives replaced with two Sin 
double-density drives and Centro
nix matrix printers for use with the 
system can also be supplied. A 
CP/M operating SiYStem is included 
as standard. The basic system costs 
under £3000, excluding v.a.t. LSI 
Computers Ltd, Copse Rd, St 
Johns, Woking, Surrey GU2115X. 

WW305 

IEEE data bus 
connectors · 
Up to fifteen programmable mea
surement or instrumentation de
vices can be interconnected using 
the Amphenol terminated cable as
semblies to IEEE 488 interface 
standards. Each assembly com
prises a 24-core screened cable and 
two rack and panel type connec
tors, i.e. connectors with combined 
plug and socket, which can be 
mounted upon each other in 'piggy
back' fashion. Of the 24 conduc
tors, 16 are used for signal lines and 
eight for logic groimq returns and 
shielding. Celdis Ltd, 37 Loverock 
Rd, Reading, Berks RG3 lED. 

WW306 

Power supplies 
Voltage stabilized, current limited 
power supplies ranging from 2.5A, 
10-lSV internally adjustable units 
to '19in' laboratory types capable of 
deliverying more than ISA from 0 
to 65V are available in the UK 
through Big Ears (seriously). EA
Produktion, the German manufac
turers, claim that the complete 
range consists of more than 150 
models, each of which has a two 
year guarantee. The latter type 
mentioned above has fine and 

WW305 

coarse controls for both current and 
voltage, 40m V maximum output 
variation from 0 to 100% mains 
variation, an output temperature 
coefficient of 0. 01 %/°K and resistor 
or voltage programmable output 
voltage and current. All laboratory 
types have s.c.r. pre-regulation for 
low dissipation and can be supplied 
with either l.c.d. or analogue 
meters. Plug-in supplies for cover
ing 5-24V and 0.5-10A, converters 
for 12V d.c. to 220V a.c. and com
bined variable a.c. and d.c. 
supplies are included in the range. 
As far as we know, all these 
supplies are designed for 
220V ± 10% mains operation. Four . 
'low-price' units were tested by us 
using a 240V mains supply, and 
found to perform well under all 
loads. Two weeks delivery is 
quoted for units that cannot be 
supplied from stock. Big Ears, 68 
Narborough Rd, Leicester. 

WW307 

Brush less d. c. motor 
Drive electronics of the GAE 43.14 
brushless Hall effect controlled d.c. 
motor are mounted on the stator for 
compactness. This unit, measuring 
56x30mm, can produce up to 
2Ncm torque and has a nominal 
running speed of 2000 r.p.m. 
which can be varied using an exter
nal control circuit. Supply voltages 
range from 18 to 30V; for a 24-volt 
version the supply current is 
200mA. Ball bearings ·are used on 
the 4mm diameter drive shaft for 
the dynamically balanced high iner
tia rotor. Papst Motors Ltd, Parnell 
Court, East Partway, . Andover, 
Hamps SPlO 3LX. 

WW308 

Four-layer p. t.h. 
board for prototypes 
A four-layer plated-through printed 
circuit board suitable for proto
types or small production runs has 
been introduced by Logiclayer, a · 
subsidiary of ICL. The p.c.b., 
known as Multiboard, is arranged 
as ·a matrix .of 60 x 88 drilled pads 
spaced at O.lin. The component 
side, or X tracking, has pads con -
nected at regular intervals in co
lumns, and the underside, or Y 
tracking, has different pads connec
ted at regular intervals in rows. 
Sandwiched between the X and Y 
layers are a ground or OV layer, 
and a power supply layer which 
provides two interleaved supply 
rails. The ground and supply rails 
are connected to three sets of pads 
regularly spaced throughout the 
board. 

To assemble- a circuit, the com
ponents are placed in their opti-

. mum positions and they are then 
interconnected by linking and 
cutting tracks on pads using iso
lated pads where necessary. 

Multiboard is manufactured in a 
·standard Eurocard size, 233.4 X 
160mm,and will accept DIN 
connectors at the front or rear. The 
board has a characteristic im
pedance of son which is main
tained after customising. When a 
completed board has been tested, 
Logiclayer can produce a produc
tion run of customised boards from 
layout drawings or cut and link in
formation supplied with pad 
addresses. Logiclayer, Plymouth 
Grove, Manchester Ml3 9LN. 

WW309 
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R.f.i. suppression 
filters 
Negligible d.c. and low frequency 
voltage drop coupled with high in
sertion loss for a wide range of fre
quencies are features quoted for the 
1.5 and SnF radio-frequency in
terference filters from Oxley De
velopments Co. Ltd. Minimum in
sertion losses from 200MHz to 
lGHz are 45dB for the l.SnF type 
and SOdB for the SnF type. Maxi
mum limits of these pi-section ce
ramic devices are 350V d.c., lOA 
d.c. or low-frequency a.c. and -55 
to 85°C operating temperature. 
Both the FLTM/P/1500 (1.5nF) 
and FLTM/P/5000 (5nF) types 
have stud mounting packages with 
MS threads. Versions with 
12UNEF threads are.also available. 
Oxley Developments Co. Ltd, 
Ulverston, Cumbria LA12 9QG. 

WW310 

Silicone-free thermal 
grease 
In applications where silicone con
tamination from thermal grease 
causes problems, Therrilakote II 
could provide an alternative. This 
grease, which at 36°C provides a 
minimum thermal conductivity of 
16.7 X 10-4 calls Crn°C, is said not 
to dry out, melt or give migration 
problems. A high-lubricity oil base 
is used which permits the corn
pound to flow into small gaps and 
the working temperature is 165°C 
(200°C max). The manufacturers, 
Thermalloy, have also introduced a 
1/zin high heat sink, for mounting 
on top of T03 transistor packages, 
which can be used on its own or 
combined with existing p.c.b. 
mounting heat-sinks for additional 
cooling. MCP Electronics Ltd, 38 
Rosemont Road, Alperton, Wernb
ley, Middx HAO 4PE. 
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TRANSCENDENT 2000 single-board synthesizer TRANSCENDENTPOLVSYNTH 
· Complete Kit £168.50 expandable polyphonic synthesizer 

ComPsiln~~~v~!!)£320 
Plug-in extra voices £52 (or £48 

- if ordered with kit) 

Designed by consultant Tim Orr 
(formerly synthesizer designer for 
EMS Ltd.) and featured as a con
structional article in ETI, this live 
performance synthesizer is a 3-oc-
tave instrument transposable 2 oc- By brilliant design work and the use of 

taves up or down giving sweep ~~~~:s~~t~hg~~~~YtC::~~Pr~~~~~f ~~: 
. control, a noise generator and an home constructor a machine whose 
ADSR envelope shaper. There is versatility and range of sounds is 
also a slow oscillator, a new pitch matched only by ready-built equip-
detector, ADSR repeat, sampe and ment costing thousands of pounds. 
hold, and special circuitry with Design!ld by synthesizer expert Tim 
precision components to ensure Orr and published in Electronics To-
tuning stability amongst its ·many ~:ih~~~~~~~ni'~~~~~~~~t,:'~{ f~~i~oi~ 
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features. a 4-octave transposable over 7112 oc- • 
The kit includes fully-finished metalwork, fully assembled solid teak cabinet, filter sweep taves) polyphonic synthesizer with internally up to 4 voices making it possible to play simultaneously up to 4 
pedal, professional quality components (all resistors either 2% metal oxide ~r 112% m?tal notes, whereas conventional synthesizers handle only one at a time. 
film), and it reallyis complete- right down to the last nut and bolt and last ptece of wtre! The basic instrument is suppli;d with 1 voice and up to 3 more may be plugged in. A further4 voices may be 
There is even a 13A plug in the kit - you need buy absolutely no more parts before . added by connecting to an expander unit, the metalwork and woodwork of which is designed for side-by-
plugging in and making great music! Virtually i]ll the compo.nents are on the one profes- ~gSRS~~~2i :,:~hatC~F~~~~~~f~~ugon~~t~o~~~~~~~\~=g~s ~~~;6':~~ s"J;~~Y~~~~,v~~c~·~~f~,';j~t~,; ~~0°:~,~ 
sional quality fibreglass PCB printed with component l.ocattons. All the controls mount suitable for modular systems). One of these voices is automatically allocated to a key as it is operated. There 
directly on the main board, all connections to the board are made With connector plugs are separate tuning controls for each vco of each voice. All other controls are common to all the voices for 
and construction is so simple it can be built in a few eveni~gs by almost anyone capable of ease of control and to ensure consistency between the voices. 
neat soldering! When finished you will possess a synthestzer comparable tn performanqe Althou

11
h using very advanced electronics the kit is mechanically very simple with .mininal wiring, ~ost of 

and quality with ready-built units selling for many t1mes the prtce . which 1s with ribbon cable connectors. All controls are PCB mounted and the vo1ce boards f1t w1th PCB 
Comprehensive handbook fully describes construction and tells you how to set up your mounted plugs and sockets: The kit includes fully finished metalwork, solid t~ak cabinet, professional 
synthesiz~r with nothing more elaborate than a mult1-meter and a patr of ears! quality components (resistors 2% metal oxide or metal film of0.5% and 0. i %), nuts, bolts, etc. 

TRANSCENDENT DPX MULT1-vo1cE sYNTHESIZER Complete Kit £299 

The-Transcendent DPX is a really versa
.tile 5 octave keyboard instrument. These 
.. are two 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 stra ightforward 
piano or 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 
on 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 can switch 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 dyna
mics law necessary for a high degree of realism. There is a master volume and tone 
control. a se-parate. control for the brass 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 more 
realistic string sounds. 
To add interest to the sounds and make 
them more natural there is a chorus/en
semble unit which is a complex phasing 
system using ceo (charge coupled de
vice) analogue delay lines. The overall 
effect of this is similar to that of several 
acoustic instruments playing the same 
piece of music. The ensemble circuitry 
can be switched in with either strong or 
mild effects. 

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 re
moved 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 com
ponents (all resistors 2% metal oxide). nuts, bolts, even a 13A plug! 

PORTWAY INDUSTRI\AL EST. 
ANDOVER, HANTS, SP10 3MM P.ERTRAN Our Catalogue is FREE! 

Write or phone now! 
ANDOVER (0264) 64455 WORLD LEADERS IN 

ELECTRONIC KITS 
DE LUXE LINSLEY HOOD . 75W STEREO AMPLIFIER 

Complete Kit 

£85 

This easy-to-build version of our world-wide acclaimed 75W 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 Review and features include rumble f1lter. vanable scratch f1lter. versatile tone controls and tape momtonng 
while distortion is less than 0.01 %. 

T20 :f- 20 20W STEREO AMPLIFIER £33.1 0 
This kit, based u~~~-a design-published in Pr~cticaiWi~le-;s, uses a ~Ingle 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 £38.40+VAT MATCHING TUNERS - See our FREE CATALOGUE! 

·MPA 200 100W. (rll!~ into a ohmsl MIXER/AMPLIFIER 
COMPLETE KIT COMPLETE KIT SP2-200 2-CHANNEL 100W. AMPLIFER 

£49.90 £64.90 
• !I 

~· • Featured as a con
structional article in 
ETI. the MPA 200 is an 
exceptionally l ow 
priced · - but profes
sionally finished -
general purpose high 

The power amplifier section 
of the MPA 200 has proved 
not only very economical 
but very rugged and reliable 

m ... • '"'' : .. ~ ii , "ff • .., 
: . .-

power ampiifier. 'tt features adaptable input mixer which atcepts a wider range of sourcessuch as 
microphone, guitar, etc. There are wide ran~e tone contro ls and a master volume control. Mechanically the 
MPA 200 is simplicity itself with minimal winng needed making construction very straightforward. 
The kit includes fully finished metalwork, fibreglass PCBs, controls, wtre, etc - complete down to the last 
nut and bolt. · 

NEW KITS! 
Programmed from a synthesizer, our latest 
design to be featured in ELECTRONICS TO
DAY INTERNATIONAL, the 1024 COM
POSER 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 add1t1on 
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! 

1 024 COMPOSER 
Complete Kit £89.50 

All kits also available as separate packs (e.g. PCB, comp.onent sets, hardware 
sets, etc.). Prices in our FREE CATALOGUE. 

~~ ~f~~ens~wa~~i:T;~r ~se~~ • • 
tion powered by separate ... 
power supplies fed from a common toroidal transformer. Input senSitiVIty is 775mV. 
Even simultaneously driven, each channel delivers over 100W rms Into 8 ohms. The kit includes 
fully finished metalwork, fibreglass PCBs, controls, wire, etc. - complete down to the last nut and 
bolt! 

DJ90 DISCO SYSTEM - COMING SHORTLY! 
READ ALL ABOUT IT! 

In Electronics Today International July issue 

V.A.T. NOT INCLUDED IN PRICES 

PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices in this advertisement until 
August 31, 1gs1, if this month's advertisement is mentioned with 
your order. Errors and VAT rate change excluded. 

EXPORT ORDERS: No VAT. Postage charges at actual 'cost plus £1 
handling and postal documentation . 
U.K. ORDERS: Subject to 15% surcharge for VAT. NO charge is 
made for carriage. 

SECURICOR DELIVERY: For this optional service (U.K. mainland 
only) add £2.50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory. 
Call at Sales Counter. Open 9 a.m. to 12 noon, 1 to 4.30 p.m. 
Monday to Thursday. 

• 
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INSIST ON 

VERSA TOWER 
BY PROFESSIONALS
FOR PROFESSIONALS 

The VERSATOWER range ~f 
telescopic and tilt-over towers cover 
a range of 25ft to 120ft (7.5M to 
36M). 

Designed for Wind Speeds from 
85mph to 11 7mph conforming with 
CP3 Chapter V, part 11 . 

Functional design, rugged construc
tion and total versatility make it first 
choice for telecommunications. 

Trailer mounted or static, the VER
SATOWER solves those difficult 
problems of antenna support, access 
and ground level maintenance. 

A programme of continuous product 
development has led to a range of 
over 50 models, all available at 
highly competitive prices. This 
coupled with our quality assurance 
scheme ensures that we maintain 
the leader position we enjoy today. 

VERSA TOWER 
THE PROFESSIONALS' 

CHOICE 

STRUMECH 

VERSA TOWER 
SYSTEM 6>. 
PORTLAND HOUSE, COPPICE SIDE 
BROWNHILLS, WEST MIDLANDS 

· TEL: (05433) 4321:·. TELEX: 3352_43 SEL 

WW --067 FOR FURTHER DETAILS 

WIRELESS WORLD JULY 1981 

ONLY£18.95 
+ VAT£2,85 + P&P£1.65 

New improved battery operated Telephone 
Amplifier with detached plug-in speaker. 
Placing the receiver on to the cradle activates 
on/off switch for immediate two-way conver
sation without holding the handset. Many 
people can listen at a time. Increases effi
ciency in office, shop, workshop. Perfect for 
tonfarence calls, leaves the user's hands free 
to make notes, consult files. No "holding on", 
save money and long-distance calls. Volume 
control. Madel with conversation recording 
facilities. Price £20.95 + VAT £3.15, post and 
packing for either model £1.65. . 

10 days' price r_efund quarantee. 
Barclaycardancf'Acce s_s_ we-lcome. 

~u•~r·TSUPPLIES(WW) 

FOTOLAK 
POSiTIVE liGHT SEI'ifSITIVE AE ROSOL LACQUER· 

Enables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer . When dry, place positive master of 
required circuit on now sensitized surface . Expose to daylight, develop and etch . 
Any number of exact copies can of course be made from one master. Widely 
used in industry for prototype work. 

Pre-coated 1 I 1 6 · · Fibre-glass board 
FOTOLAK · 
Developer . . . . . . . . 
ferric Chloride 

£2 .00 
.. ' 30p 

. . . . . 50p 

204mm x 114mtn £1.50 
204mm x 228mm £3.00 
40-Smm X ntlmm £600 
467mm x 305mm £9,_00 

Plain Copper-clad Fibre-glass . Singie-sided · Double-sidec. 
Approx.3 .18mmthicksq. ft. £1.50 
Approx. 2.u0inm thick sq . ft £2 .00 
Approx . 1.00mm thick sq ft . . . . . . . . . . . . f.1.50 £1.75 

. Clear Acetate Sheet for making m~ster. 260mm x 26-0mm 12p 

Postage and packing BOp per order. VAT 15% on total 
G. F. MILLWARD ELECTRONIC COMPONENTS LIMITED 

P.O. Box 19, Pru S_.., Penance, ~~welt. Telephone GERMOE (0?~-87~) ~-3~~-: 

EUiSton 1E~ · . . 6 t in that gives the 
... the only maga_zme tn ~~fessional engineer 
amateur enthuslast_and ~-to-date coverage of . 
alike a comprehecnstv;a~e includes the latest 
TV techn_ology . . ov~ . video and long 
developments_ ,_n ctrc~ttry, s ecial emphasis 
distance televtstqnng. · ·:~~f; u 1ftind in g. . 

on serv1c1 . . 1 have included 
Regular c~nstructton ~::h~~me & colour 
test equ,pment, _to~ and a video camera . 

rece1vers, mont 
THIS MONTH 

VIDEO EFFECTS GE~ERATd~or the 
A versatile monoTcVhrpo~ger~~~~ ~~~tr. 

amateur 
TRONIC AERIAL S~lTCHI~G . 

ELECB nney's latest ingemous destgn. 
Roger u 

PORTABLE PROJECT - part 3 

SERVICING THE 
GEC HYBRID COLOU_R SETS 

• 

•
• 

. 
Well worth a closer look 

--- -- . - -
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Rechargeable Cells by SANYO~CADNICA. Size AA 99p; C 2.27; D 3.76; PP3 
4.10. With tags : AA 1.06, C 2.43, D 3.99 
Chargers PP3 4.75. AA 4.95. A.C,D 7.60. Plast ic boxes PB1 116 x 77 x 35mm 
62p. : 
Breadboards Euro 5. 70N. Veroblock 3.63. Bimboard 8.03, Buzzer 6-15V BOp. 
CAPACITORS Polystyrene 47-4700pF ea 7p. C280 .01 6p, .1 7p, .22 9p (full 

~~nFgfJj,P(~;~~e~~r~~~~5~~lt~i~ 1r:~9~~0~~~~6i~5~i~do~ ~bo~Fc2~o~~mml 
500pF 3.21. · 

· ELECTROL YTICS Full range. · ' 
CONNECTORS- 1J4" jack plug 32p, skt 12p, 3.5mm jack plug 17p. skt 14p, 
2.!;imm 12p. DIP header 14 pin 3Bp,16 pin 43p. Quick test mains block 5.25. 
Fuse holders 20mm panel22p, chassis 6p. Hall -effect devices from 1.89N . 
Heat s1nks Power 1.25• C/W 2.85. finger type T03 25p, T0220 25p. 

INTEGRATED CIRCUITS- Hundreds of types 74118p: 555 23p, CA3140E 
40p, LM380N 99p, LM3914N 2.68, S566B 2.14i TCA965 1 .20. IC holders 8 pin 

~~J.t~,Or~~ ~~~;~g~n ·~~g~~t;~~~'fs:~~~'Wo~·; f~g~. ~~ieLr~~g~~;~kers 
60x45mm 50uA-1Aea 4.80. Opto LEOS red 7p, yellow9p, green 11p. 
ultrabright 21 pall colours. LED~ri~~sl)JI.A 170/UAA 1'80 ea 1.52. 

POTENTIOMETERS - Carbon 20inm dia. 100R-2M2 1 in, 220R-4M7 log single 
29p, 1 K-2M2 1 in, 4K7-2M21og duals, ea 81 p. Add 51p if required with switch. 
Sliders mono 72p. stereo 1.18, bezel 34p. Wirewouf\d 25R-10K, 3wan ea 1.50. 

PRINTED CIRCUIT MATERIALS : 
300 x 150mm S/S SRBP 1.25. f/gl1 .90. 500gm ferric chloride lab grade 3.40. 
Positiv 20 photo resist 74ml1 .65. Etch resist pen 1.05, silver pa int 3g 4.14N. 
Relays 12v coii3P2W lOA contacts 2.90. Resistors _1/.3W; 1J2W, :JI4W 5% ea 
2p. Metal oxide TR5 2% 5p, film MR25 5P. Semiconductors 1 N4007 6p, 
1N4148 3p. RCA2N3055 70p, BC107-9fami ly 14p. BC182/212family9p, 
BFR34A63p, BFT651.19. C106D1 45p, TIP31A/32A ea 44p, TIP41A/42A ea 
45p, TIP2955/TIP3055 ea 55p. Solder 500gm 60/40 20SWG 7.30N. Irons Antex 
C, CCN, CX or X25 ea 4.40N. Oryx50 temperature controlled 11.50N. ISO-TIP 
cordless with charger 24.00N . ' 

SWITCH~S- Slider DPDT min 18p, std 20p. Wavechange 1P12W, 2P6W, 
3P4W, 4P3W ea 40p. Time Switch 13A 3on/3off per day 14.68N. Min toggles 
silver contacts SPOT 57p. DPDT BOp, 3PDT 1.64, 4PDT 2.75. OIL gold plated 
4PST 95p, 1 OPST 2.1 0. 
Miniature drills - 12VdcTITAN 10.28N. TITAN kit 17.06N, Stand 12.00N. 
Tools CK pliers 4.70, cutters 6.10, strippers 4.95. Vero wiring system kit 4.42, 
wire 1.17. Computer Nascom 1 built £140.00N. 

NASCOM 
2 kit£295.00 complete (less 8X41 18's f225.0DN). P/S kit, 3amp 32.50N. 16K 
RAM kit 110.00N. 
Add VA Tat 15% to all prices. 
Small order surcharge 40p if under 5.75. No inland P&P on CWO orders 

BEST 
SERVICE 
FOt EN 
BUYERS! 

S.A.E. brings 
comprehensive 

price list (Valid 3 
mthst. Covering 
catalogue '81 
Access and 

Barclaycards 
· accepted 

Everything brand 
new & guaranteed 
Hard to find items 

Keen prices & 
discounts 

Special quantity 
discounts 

~Speedy turn round 
on orders 

No PIP charges on 
U.K. C.W.O. orders 

over £5.75. (Add 
handling charge of 

40p if underl 

Pleast d15% 
V.A.T. to total value 

of all orders 

* Shop hours: 
9-5.30; 

Sats. to 9-t p.m. 

ELECTROVALUE LTD. DEPT. WW6, 28 St. Judes Road, Englefield Green, 
· Egham, Surrey TW20 OHB. Phone Egham 33603 (STD 0784. london 871. Telex 
264475. 
Northern Branch (Persona l Shoppers onlyl 680 Burnage Lane, Burnage, Man-

. chester M 19 1 NA. Phone (0611432 4945. 

10 OUT OF 10.-

SALE BY AUCTION 
Due to a shift in concentration and production, the 
machines, assembly lines and also the enti re plant and 
business equipment of a works are available. On behalf of 
t he management of t he firms GTE/Sylvania and Schwarz
walder Electronik Werk I am selling by auctipn the plant 

of the firm . SABA - Werk Ill ; 
Aussere Ailinger Strasse 14 • 

7990 Friedrichshafen, West Germany 

Tuesday, 7th July, 1981, 10 ~ a.m. 
Wednesday, 8th July, 1981, 9.30 a.m. 

For auction: 
Flow soldering plant with immersion bath, armament 
lines, ceil ing circular conveyor, paint spray st ations, dry
ing ki lns, ultrasonic degreasing plant, assembly lines, 
modern electroplating equipment, winding machines, 
de-insulating presses, bending · and cutting automatic 
machines, testing compartments, transformers, hydraulic 
and pneumatic punches and presses, (Ufetestwagen) 
spot welding machines, rotary heat kiln, aerosol recovery 
plant, freon degreasing plant, mixer, Wolfram w elding 
equipment, continuous heating kiln, hydrogen hatch kiln, 
eight and ten head lock and seal machines Jor goo and 
11 oo colour tubes as well as shelves, canteen :equipment, 
machine t ools, fork lift truck and over 1,000 !items mea
su ring and testing equipment for many mdre items. 
Viewing: Monday, 6th July, 1981, from 10.:00 to 17.00 
hours; Tuesday, 7th July, 1981, from 8.00 to 9.45 hours; 
Wednesday, 8th July, 1981, from 8.00 to 9.15 hours. 
Preview can be arranged by telephone calL Catalogue 
with over 3,000 items on request. 

e HORST F. G. ANGERMANN 
HAMBURG VEREIDIGTER U. OFFENTLICH 

BESTELLTER VERSTEIGERER 
SCHATZER FUR · i 
IMMOBILIEN. MASCHINEN UNO INDUSTRIEANLAGEN 
2000 Hamburg 11 Mattentwiete 5 i 
Telefon 36 76 91-93 · Telex 02-13 303 · 02-15 272 

IT'S ELEKTRIKI 
0 Whose amplifiers sound audibly superior? 
0 Who supplies the BBC, IBA, top loudspeaker 

manufacturers international recording stUdios etc? 
0 Which power amplifier modules featu re high speed, 

electronic protection, virtually zero TIM, negligible 
THD, 110dB 5/N ratio, and a range of power outputs 
from 60-300 WRMS? 

0 Which amplifiers are guaranteed unconditionally 
stable thermally, electrically and mechanically? 

0 Whose reputation for back-up , service and friendly 
advice is second to none? 

0 Who makes amplifiers OEM capable of driving motors, 
magnets, vibrators etc? 

0 Who offers a complete hi -fi kit amplifier at half the 
cost of any comparable units? 

0 Who also specialise in active am.pHf ication? 
0 Who offers a complementary range of ancillary 

equipment such as heatsinks, bridge drivers and 
toroidal power supplies etc? 

0 Who is the leading name in innovative and proven 
amplification? 

A 13:3 CrimsonEiektrik 
If vou would like further details on our complete 
range send a 7" x 10" sae + sop cheque or PO fo.r our 
comprehensive users 1 application manual to: 
CRIMSON ELEKTRIK, tWW), 9 CLAVMILL ROAD, LEICESTER 
LE4 7JJ. Telephone 0533·761920 ' 

. TeleX 34694 CRIMLEK 
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Tne. range grows 
bigger ... better ... 

New Profile Amplifiers-· Two New Series 

PSU 

.attt tWttl''ttttt.o 
~~1~.~~ --l 

CHOOSE AN u .. P MOSFET POWER AMP when it is 
a~vantageolls to have a faster slew rate, lowe~ distort1o.~ at 

j....--,--~·~-~~·-··••~r hlgherfrequencles,enhancedthermalstability, the ability II" • • - to work with complex loads without difficulty and .. .... complete absence of cross-over distortion. I.L.P's exclusive encapsulation technique within fully adequate heatsinks has been taken a stage further with specially developed com&uter-verified 'New Profile' extrusions. These ensure optimum operating 
i.rf~~'ifd's~':Um~~~\ftPI:~8~c£'.r'i,o.;u~~~~~T==~~~s EXCITJNGNEWCATEGORYBUTAREONLYAFRACTIONOFPIUCESCBARGEDELSEWBERE. 

Output Distor- Signal/Noise 
Model Power tion Typical Slew Rate Rise Time Ratio Price& 

RMS at 1KHz DIN AUDIO VAT 

MOS120 60W 0 .005% 20V/!JS 3!JS 100dB £25.88 
into4-8n + £3.88 

MOS200 120W 0.005% 20V/!JS 31'S 100dB £33.46 
into4-8n + £5.02 

-·(Standard 0.-P Transistors) . 
• I • • CHOOSE AN I.L.P BIPOLAR POWER AMP Lz& I jfo whe.epowe<~dpriceuefustco"""e"tionwhile mamtammg optimum performance .With h1-f1 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 fill the bill, and as with our new Mosfets, we have encapsulated Bipolars within our New Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. Connections are simple, via five pins on the underside and with ournewestpre-ampsand power supply units , it becomes easier than ever to have a system layout housed the way you want it. 

Output Distor- Signal/Noise 
Model Power tion Typical Slew Rate Rise Time Ratio 

RMS at 1KHz DIN AUDIO 

HY30 15Winto 0.015% 15V/!JS 51'S 100dB 
4-8n 

H¥60 30Winto 0.015% 15V/!JS 51'S 100dB 
4-8n 

HY120 60Winto 0 .01% 15V/!JS 5!JS 100dB 
4-8Q 

HY200 120Winto 0.01% 15V/!JS ---5fis- 100dB 
4-8Q 

HY400 240Winto 0 .01% 15V/!JS 51'S 100dB 
4f! 

, .. ~~···~~~~~,~~ BY& (mono) and BY66 (ste reo) are new to I.L.P's range of 
advanced audio modules. Their improved characteristics 
and styling ensure their . be ing compatible with all I.L.P 
power-amps both MOSFETand BIPOLAR, giving you chance 
to get the b est 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. 

Price& 
VAT 

£7 .29 
+£1 .09 

£8.33 
+£1 .25 

£17.48 
+ £2 .62 

£21.21 
+£3 .18 

£31 .83' 
+£4.77 

z 
0 

~ 
0 

0 .1'4 

u z 001'.1. 

0 
~ 

~ 
...J 

F=lK Hz LOAD= en 

• DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

0 

~ 
rJ) 
0 
~ 

g 
1- o . oo,6 _1::,w::-------=-~-----r-----~-

10W 

OUTPUT POWER 

100W 200W 1W 

Load impedance both models Input impedance both models I OOim 
4f! - oo Input sensitivity both Frequency response both models 
modelsSOOmV 15Hz·IOOKHz-3dB 

0 .1'4 F•lKHz z 
LOAD• anON ALL 0 

>= EXCEPT HY400 AT 4n 

~I ~' ~' ~I 
g c: 

~ ~ 
Cll J: 

15 
u 
z 
0 
~ 
c: 
< 

I • DISTORTION CONTENT :I: 
...J IS BELOW NOISE LEVEL 
~ 
~ 0 .001'<> 

0 .1W 1W ,o·w 100W 300W 

OUTPUT POWER 

Load impedance all models 4f! -oo Input impedance all models I OOim 
Input sensitivity all models 500rn V Frequency response all models 

15Hz-50KHz-3d8 
'filE NEW PROFiLE ExTRUSIONS 

• 

The introduction of standard heatsink extrusion for au· 
1.L.J5: p<iwer amplifiers achieves . rriany adviintilge_s;:._ 
'Research shows they proviae optimum thermal dfssipa-

. tion and stability. Slotted s. boulders 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. 

SCHEM A TIC BLOCK DIAGRAM 
OF HY6 PRE -AMP. WITH 
STEREO CONNECTION SHOWN 

Sizes - BY& - 45 x 20 x 40 mm. BY66 - 90 x 20 x 40 mm. 
Active Tone Control circuits provide ±12dB cut and boost. 
Inputs Sensitivity - Mag. PU. -3m V: Mic - selectable 
l-l 2mV: All others lOOmV. TapeO/P- lOOmV: MainO/ P -
500mV: Frequency response - D.C. to 100KHz - 3dB. 

11Y6 mono -£6.44 + 97p VAT Connectors included 
- e DISTORTION TYPICALLY 

0.005% 
e LATEST DESIGN BIGB 

QUALITY CONNECTORS 
HY66 stereo £ 12. 19 + £1.83 VAT Connectors included e ONLY POTS SWITCHES AND . e S/N RATIO- 90dB (llag. 

P.U.-&1-dB) B6 Mounting Board for one HY6 78p + l2p VAT 
'B66 Mounting Board for one HY66 99p+ l5p VAT • 38 dB overload mar• on 

PLUGS/SOCkETS NEED ADDING 
e NEEDS ONLY UNREGULATED 

POWER SUPPLY ±IS to ±60v ~~ .q.~~ 

~~ Of the eleven power supply units which comprise our current range, nine have toroidal trans_ formers made in our own factory . Thus these I. L.P powersupplyunitsare space-saving, more eff1c1entand theu: bener overall des1gnhelps enormously when assembly building. All models in the range are compatible with alli.L.P amps and pre-amps with types to match whatever I.L.P 
_ pow~r-~mps you choose .. 
PSU30 ± 15Vat 100mAto drive up to 12xHY6or6xHY66 £4.50 +0.68p VAT 
e THE FOLLOWING WILL ALSO DRIVE J.L.P PRE-AMPS 
PSU36 for use with 1 or2 HY30's £8.10 +£1.22 VAT e ALL THE FOLLOWING USE TOROID.(!£ TRANSFORMERS 
PSUSO for use with 1 or 2 HY60's · £10.94 + £1.64 VAT 
PSU60 for use with 1 HY120 £13.04+£1.96 VAT 
PSU6Sforusewith 1 MOS120 £13.32+£2.00VAT 
PSU70 for use with 1 or 2 HY120 's £15.92 + £2.39 VAT 
PSU75 for use with 1 or 2 MOS120 £16.20 +£2.43 VAT 
PSU90 for use with 1 HY200 £16.20+£2.43 VAT 
PSU95 for use with 1 MOS200 £16.32+£2.4SVAT 
PSU180 forusewith 1 HY400or2HY200 £21.34+£3.2!JVAT 
_PSU185 for use with 1 or 2 MOS200 £21.46+£3.22 VAT 

We want 
to know 
We have always maintained good working relations with our 
customers, and therein lies a large measure of the company's 
success and growth. Now that we are running our most excit
ing programme yet, we would like to have your comments 
about our current products and any others you would like to 
see coming from I.L.P. Send us your letter (with your age, job, 
etc., if you don't mind) to: Customer Liaison, I.L.P. Electronics 
Ltd., FREEPOST, Roper Close, Canterbury CT2 7EP (No stamp 
required). 

* Freepost facility BRITAIN'S FOREMOST QUALITY MODULE SUPPLIERS 
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 0 RD ER Send cheque or money order payable to I.L.P Electtonics Ltdandcrossed.OrpaybyACCESSorBARCLAYCARD.Casl)paymentsmustbe 
in registered envelope; ifC.O.D. payment is wanted, please add£ l .OO to TOTAL 
value of order. 

*See also our ad. on page 101 

ELECTRONICS LTD. 
_FREE POSTS Graham Bell House, Roper Ciose, Canterbury, Kent CT2 7EP. 

Telephone 10227) 547781 Technicai 10227) 64723] . Telex 965780 
Available also from MARSHALLS, WATFORD ELECTRONICS and certain other selected retailers 

WW -- 074 FOR FURTHER DETAILS 

._.. ________________________ _ 
To: I.L.P ELECTRONICS LTD. CANTERBURY CT2 7EP 

Please supply .. .. .............. .... .......... ... ... ..... ..... ................... . ,. ...... ; ........... .... .................... ..... .... .......... .. ...... . 
.......... .. .. ........... .. .. .. .............................. Total purchase price£ ..... ...... .................. ......................... .. ...... . 

\ 
I enclose Cheque 0 Postal Orders 0 International Money Order 0 
Please debit my Access/Barclaycard Account No . .. ............. .... .. ..... .... .... .... ................................ .. ......... . 

NAME .. ... .. ..... .. ......... ... ..... ....... ... ... ..................... ... ....... ..................... ...... ..... ........... .. ... ........ ...... ........ ~ 
ADDRESS ... ... .......................... ... _. .......... .... .. .......... .. .. ...... .... .. ... .. ,. ............ ... ...................... : .......... . 
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TEST INSTRUMENTS 
THANDAR-
DIGITAL MULTIMETERS (LED)
PDM35 . £39.68 DM235 . £60.38 
DM350 . £83.38 DM450 £136.85 
DIGITAL MULTIMETERS (LCD) : 
TM351.£113.85 TM352 .. £57.44 
TM353 .. £96.60 TM354 .. £45.94 
FREQUENCY METERS: 
PFM200 .£57.27 TF040 . £126.50 
TF200. £166.75 
PRE-SCALER: TP600 ......... £43.13 
OSCILLOSCOPE: SC110. £159.85 
PULSE GEN.: TG105 ........ . £97.75 
FUNCTION GEN.: TG100 .. £90.85 
Instrument Case ................ £10.29 
Bench Instrument Rack .... £22.94 
Carrying Cases : 
DM235, DM350, DM450 ...... £8.86 
PDM35, TM354, PFM200 .... £3.45 
TM351, TM353, TF040 .... .... £6.84 
TF200, TG 105, TG 100 .... ..... £6.84 
TM352 .... £2.01 SC11 0 ..... £8.86 
Mains Adaptors: 
PDM35, DM450, PF~200 .... £5.69 

DM235, DM350, TF040 ....... £5.69 
TF200, TP600, SC110 .......... £5.69 
Rechargeable Battery Pack: 
DM235, DM350, DM450 ...... £8.63 
SC110 .... ................. ... .. ... ...... £8.63 
Universal Test Lead Set.. .. £11.27 
40 KV Probe ....................... £34.44 
Connector Pack (PFM200) .£11.27 
Probe 
(For SC110, TF040, TF200) 
..... ..... .. .................. ........ X1 £8.05 

X10 £8.86 
Sprung Hook/Trimmer Pack · 
(For SC110) .... ..... ................. £2.88; 
SERVICE MANUALS (each) 
................... .. ... ... ................ . £3.00* 

. *No V.A.T. on manuals 

All prices include V.A.T. For 
orders over £20, p. & p. FREE 
(U.K.); under £20 p. & p. £1 
(U.K.). 
All prices correct at 1-4-81. E 
&OE. 

Many more instruments avan·abie in -the .LEADER arid TMK
ranges 

Send for catalogue 30p (including postage) 
Cash with order 

DAROM SUPPLIES 
Open: Monday to Friday 9 a.m.-5.30 p.m. 

4 Sandy Lane, Stockton Heath 
WARRINGTON, WA4 2AY, CHESHIRE 

Telephone: (0925) 64764 

Pye. Westminster W15AM high band and low band 
avatlable . Sets complete and in good cond ition but are 
less speakers, mikes, cradles and L T leads (sets only) 
.. ....... .... .............. .. .... ... ...... .... ......... ............. ..... .. . £80.00 ea. 

Pye Westminster )IV15AM Mid Band crystaled and 
converted ~o 129.9MHz, 130.1 MHz and 130.4MHz. Very 
good condttron ..... .... ... ...... .................. ..... ....... £140.00 ea. 

Pye Westm.inster W15AMB (Boot Mount) low band 
C<:J':lplete wtth control gear and accessories. Good con-

AMATEUR RADIO 
Yaesu FRG7700 0. 15-JOniHz general coverage receiver 
AM/FM/SSB/CW ... ............... ....... .... .................. .... £309.00 
Yaesu FRG7 0.5-JOmHz. general coverage receiver 
AM/SSB ................. ............... ... ... ............................ £199.00 
Yaesu FT707 10-~0m, 100w PEP, SSB, AM, CW, variable 

Y
IF bandwidth drgrtal8 bander .... ...... .. .... .. ..... .... .... £529 00 
!l~su FT902DM 10-160m, SSB/CW/AM/FM, del~xe 

dtgttal keyer, fan, varrable bandwith .... ........... ..... £799.00 
Y?esu FT101ZDFM 10-160m, SSB/CW, variable IF band-
Width, FM or AM .... .... .......... .. ... .... .................. .. .. .... £599.00 
Yaesu FT480R 2m synthesised 25, 12.5, or 1kHz steps 

WIRELESS WORLD JULY 1981 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2: 0-70v, 10AAC 

.OUTPUT 3: 0-250v, 4A AC 

ALL 
·Continuously 

Variable 

CB ACCESSORIES 
MOBILE ANTENNAS . 

K40 Antenna ......... .. ......... .. ..... .. ....... .. ... .......... ........ .. £31.00 
Avanti 6' Moon raker (Mag .) .. .. .. ...... ........................ £49.95 
Avanti 4' Moon raker (Mag.) ............... ....... .... .. .. ...... £28.56 
Avant! 6' Moon raker (Std.) ......................... ....... ... ... £44.92 
Avantt4' Moonraker (Std.) ... ..... ............. ...... ........ .. . £21.98 
Valor 736 5' Road Hog Rod ... ............... .. ... .. .... .. ... ... £12.24 
Valor 520 5' Half Breed (Whip, ....... ....... ........... ....... £13.70 
Valor 301 Ant. Magnetic Base .... ........ .......... .. ........ . £12.93 
Valor 401 Ant. Magnetic Base ................................. £15.43 
Valor Antennas complete range in stock. drtron ...... : .... .......... ... ... .. .... .. ... .... .... .. ....... ..... ...... £92:00 ea. 

Pye Westminster W30AM low band, sets only no 
control gear, complete and tn good condition. 

BASE STATION ANTENNAS 
FM, 1kHz 100 or 10Hz steps SSB, lOw PEP ..... .. ... £359.00 
Yaesu FT780R 70cm synthesised 100, 25 or 1kHz steps ; 
FM, 1kHz 100 or 1OHz steps SSB 1 Ow PEP . ... ...... . £409.00 

.... .......... .. ... ... ....... ........ .. .. ...... .. ............ ...... .. ....... £55.00 ea. 

Pye Base Station FJOAM low and high band: with and 
wtthout remote and TIT. Prices from .. ....... ...... .. .. £220.00 

Pye RTC Control!er Units, . for remotely controlling a 
VHF . or UHF ftxed statron radiotelephones over 
la.ndltnes . ................. ...... .... ..... ....... .................... £35.00 ea. 

Pye PC1 Controller Units, similar to above but more 
modern ....................................... ..... .. ............... £100.00 ea. 

Pye Olympic M201 Multi Channel AM sets complete but 
less mtke, speaker and cradle .......... .... ........ .. £120.00 ea. 

Pye R~porter MF6AM High band mobile, very good 
condrtron ........... ... ..... ..... ...... ... ......................... £175.00 ea. 

Pye_ Motophones MFSAM high band and low band 
avatlable . Sets complete and in good condition ... £55,00 

~ye Cambridge AMlOD Dash Mount sets complete and 
tn good condttton but untested .......... ............. £40.00 ea. 

Pye Cambridge AM108 Boot Mount sets, hi h band 
12.SkHz. sets only, no control gear, good conditTon. 
.. ...... ..... ... ..... ... . ..................................... £25.00 ea. 

Please . note all sets are sold less crystals unless 
otherwrse stated . Sets can be crystaled on your fre
auency at £20 per channel extra . 

Yaesu FT207R 2m synthesised handheld 12.5kHz 3w. 

'i~~~~}=nasR. '7'6'~·~·~·.;;~th~~~~~d ·2skH·~··;~·.·: :: ::: : i~:~:gg 
Scan~rng Recerver SN200N. new mod_el, plug-in mod
~les, tncreased af output, tmproved rmage rejection, 
tncreased selectivitY_. Covers ?6-88mHz. 1 OS- 180Hz, 380-
514mHz, AM+FM wtth scanntng and memories .£264.00 

Hameg Oscilloscope HN307 bandwidth. DC to lOmHz 
Wtth component tester, 7cm dia. CRT, an ideal service 
instrument ................. ., ..... ....... ........... .... ......... ....... £170.00 
Standard C8800 2m FM mobile, digital readout, two 
R~eed scan rate fat memories in 5 or 25kHz steps, lOw 

output ................................ ......... .. ............. .. ...... £250.00 

Alcomm DPA 11VR. Very popular 4dBs .................. £24.95 

~~:~~~~~~~:IV::::::::::::::::::::: :: :: ::: : :: ::: : :::::::::::::::::::: ~:~:~g 
POWER SUPPLIES 

1[1@ !~.~;,t:E~ '':~ ; ;g-§ 
LINEARS (BURNERS) 

~~!pmaster 100w AM 180w SSB ... ................ .. ..... £118.90 
tpmaster 150w AM 190w SSB ........ ... ..... .......... £137.00 

ACCESSORIES 

~~2~~~P~t~l~~~~i;~;::::::: ::: ::::: ::::::: : :::::::::::::::::::::::·:~H~ 
TRANSISTORS 

2SC495 .. ...... .... .. .. .... £1.10 BA521 .............. .. ....... £4.16 
2SC496 .................... £1.31 LA4031P .......... ... ...... £3.21 
2SC1096 .... .............. £1 .72 LC7120 .............. .... .. .. £5.87 
2SC1173 .... .............. £1.69 LC7130 .. .. ........ ... ....... £5.93 
25C1306 .. ..... .......... £2.73 MB3712 .. ............ ...... £4.71 
2SC1449 ..... ........ ..... £1.67 MC1496P .......... ........ £2.63 
2SC1678 .................. £2.67 TA7205 ............. ........ £3.72 
2SC1923 .................. £0.43 TA7222 ..................... £4.07 
2SC2029 .... .. .... .... ... . £2.60 TA7310 ...... .. ............. £2.78 
2SC2166 ... .. .. ....... .. .. £2.73 TC9100 ....... .............. £7.91 
2SC2314 .... ......... ..... £1.41 UPC1156H ................ £4.26 

THE TELECOMMUNICATIONS SPECIALISTS 
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LANGREX SUPPLIES LTD 
· Climax House, Fallsbrool< Rd., Streatham, London SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 RST 
AA 
AAY32 
AAZ13 
'AAZ15 
AAZ17 
AC107 
AC125 
AC126 
AC127 
AC128 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC187 
AC188 
ACY17 
ACY18 
ACYI9 
ACY20 
ACY21 
ACY39 
ADI49 
AD161 
ADI62 
AFI06 
AF114 
AFII5 
AFII6 
AFII7 
AFI39 
AF186 
AF239 
AFZII 
AFZI2 
A5Y26 
ASY27 

A2087 
A2134 
A2293 
A2426 
A2521 
A2900 
A3343 
AZ31 
AZ41 
BK448 

• • 
0. 
0.20 
0.48 
0. 17 
0.17 
0.17 
0.63 
0. 29 
0.29 
0.29 
0.35 
0.32 
0.40 
0.32 
0.40 
0.35 
0.32 
0.32 
1.50 
1.32 
1.27 
1.27 
1.32 
2.88 
0.86 
0.40 
0.40 
0.40 
0.86 
0.86 
0.86 
0.86 
0.38 
1.15 
0.45 
4.60 
4.60 
1.61 
1.04 

13.58 
20.13 

8.62 
17 .63 
24.38 
14.43 
25 .56 

1.26 
1.32 

110.27 
149.09 

52.27 
35.24 
58.13 

106.89 
36.17 

ASZ16 
ASZ17 
ASZ20 
A5Z21 
AU.ll3 
AUYIO 
AUIIO 
BAI45 
8Al48 
BA154 
BAISS 
BAI56 
8AW62 
BAXI3 
BAX16 
BCI07 
BCI08 
BCI09 
BCII3 
BCII4 
BCII5 
BCII6 
BCII7 
8CII8 
8Cl25 
BCI26 
BCI35 
BCI36 
BCI37 
BCI47 
BCI48 
BCI49 
BCI57 
BC158 
BC159 
BC167 
8CI70 
BC171 

•• 
1.27 
1.15 
2.64 
2.88 
2.88 
3.45 
2.88 
0.15 
0.17 
0.12 
0.13 
0.12 
0.06 
0.07 
0.07 
0.18 
0.18 
0.18 
0.17 
0.17 
0.21 
0.22 
0.26 
0.21 
0.21 
0.21 
0.17 
0.22 
0 .22 
0.14 
0.14 
0.15 
0.15 
6.15 
0.15 
0.13 , 
0.13 
0.12 

8.86 
7.83 
9.90 

12.58 
9.40 

25.88 
9.02 

18.54 
23.69 

BCI72 
BCI73 
BC177 
BC178 
BCI79 
BCI82 
BCI83 
BCI84 
BC212 
BC213 
BC214 
BC237 
BC238 
BC301 
BC303 
BC307 
BC308 
BC327 
BC328 
BC337 
BC338 
BCY30 
8CY31 
BCY32 
BCY33 
BCY34 
BCY39 
BCY40 
BCY42 
BCY43 
8CY58 
BC¥70 
BC¥71 
BCY72 
8CZII 
BDllS 
BD121 
8Dl23 
80124 

0.13 
0.13 
Q.32 
0.16 
0.32 
0.35 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.38 
0.39 
0.13 
0.13 
O.l4 
0.14 
0.14 
0.14 
1.44 
1.73 
1.73 
1.27 
1.15 
3.91 
3.22 
0.,5 
0.15 
0.22 
0.20 
0.21 
0.20 
2.01 
0.48 
1.96 
3.22 
2.30 

EF89 1.84 
EF91 2.07 
EF92 6.68 
EF93 1.15 
EF94 1.24 
EF95 6.27 
EF98 1.44 
EFI83 0.92 
EFI84 0.96 
EF804S 12.65 
EF805S 12.65 
EH90 1.61 
EK90 1.24 
EL32 1.73 
EL33 4.02 
EL34TH 2.53. 
EL34MUI 3.16 
EL36 1.84 

BF257 0.31 
~ 

~ 
• ' ol I · . 1; . i OAZ201 

OAZ206 
OAZ207 
OCI6 
OC20 
OC22 
OC23 
OC24 
OC25 
OC26 
OC28 
OC29 
OC35 
OC36 
OC41 
OC42 
OC43 
OC44 
OC45 
OC71 
oc12 
OC73 
OC74 
OC75 
OC76 
OC77 
OC81 
OCBIZ 
OC82 
OC83 
OC84 
OCI22 
OCI23 
OCI39 
OCI40 
OCI41 
OCJ70 
OCI71 
OC200 

1. 
1.73 
1.73 
2.88 
2.88 
2.88 
4.60 
3.45 
1.15 
1.73 
2.30 
2.30 
1.73 
1.73 
1.04 
1.04 
1.73 
0.98 
0.75 
0.63 
1.15 
1.15 
0.81 
0.75 
1.15 
1.15 
0.75 
1.38 
1.04 
0.92 
0.92 
3.16 
2.30 
3.45 
4.60 
4 .93 
1.44 
1.44 
1.73 
2.88 

BDI 
80135 
8DI36 
80137 
BDI38 
BDI39 
BDI40 
8Dl44 
BDISI 

. BDI82 
BDI37 
BD238 
BDXIO 
BDX32 
BDY20 
BD¥60 
BFIIS 
BFI52 
BF153 
BF154 
BF159 
8Fl60 
BFI67 
BFI73 
BFI77 
8Fl78 
BFI79 
BFISO 
BFISI 
BFI82 
BFI83 
BFI84 
BF185 
BF194 
BFI95 
BFI96 
BF197 
BF200 
BF224 

0.46 
0.46 
0.46 
0.55 
0.55 

. 0.58 
2.30 
1.38 
1.36 
0.62 
0.62 
1.05 
2.30 
1.73 
3.16 
0.40 
0.18 
0.18 
0.20 
1}.20 
0.20 
0.28 
0.35 
0.40 
0.40 
0.40 
0.32 
0.32 
0.35 
0.32 
0.32 
0.35 
0.16 
0.14 
6.15 
0.16 
0.46 
0.29 
0.32 

30.49 
32.77 
17.25 
3.16 
1.44 
4.60 
2.88 
4.60 
4.02 

11.50 
13.80 

2.02 
2.02 
2.02 

12.29 

8F258 0.31 
8F259 0.32 
BF336 0.39 
BF337 0.38 
BF338 0,41 
BFS21 4.60 
BF528 2.58 
BFS61 0.23 
8FS98 0.23 
BFWIO 1.12 
BFWII 1.10 
BFX84 0.35 
BFX85 0.35 
BFX87 0.35 
8FX88 0.35 
BFYSO 0.29 
BFY51 0.29 
BFY52 0.29 
BFY64 0.35 
BFY90 1.09 
BSX19 0.31 
BSXZO 0.31 
8SX21 · 0.33 
BTI06 1.38 
BTY79/400R 

BU205 
BU206 
BU208 
BYIOO 
BY126 
8Yl27 
8ZX61 
Series 
BZY88 
Series 
CRSI/40 
CRS3/06 
CRS3/40 

2.30 
1.50 
1.73 
2.30 
0.46 
0.15 
0.16 
0.20 

0.12 

1.38 
PCC84 1.15 
PCC85 1.38 
PCC88 1.38 
PCC89 1.56 
PCCI89 1.61 
PCC805 1.51 
PCC806 2.07 
PCE82 2.07 
PCF80 1.15 
PCF82 1.15 
PCF86 1.84 
PCF87 1.84 
PCF200 3.74 
PCF201 2.45 
PCF801 1.84 
PCF802 2.19 
PCF805 1.84 

GEX66 1.73 
GEXS41 5.75 
GJ3M 1.73 
GM0378A 2.02 
K5100A 0.52 
MJE340 0.69 
MJE370 . 0.84 
MJE371 0.82 
MJE520 0.54 
MJES21 0.84 
MJE2955 1.50 
MJE3055 1.27 
MPFI02 0.40 
MPF103 0.40 
MPFI04 0.40 
MPFI05 0.40 
MPSA06 0.30 
MPSA56 0.32 
MPSUOI 0.61 
MPSU06 0.75 
MPSU56 0.79 
NE555 0.52 
NKT401 4.03 
NKT403 2.88 
NKT404 2.53 
OAS 1.38 
OA7 0.69 · 
OAIO 0.63 
OA47 0.14 
OA70 0.29 
OA79 0.14 
OA81 0.20 
OA85 0.20 
OA90 0.09 
OA91 0.09 
OA95 0.09 
OA200 0.17 
OA202 0.17 
OA211 1.73 

1.73 

333.91 
30.48 

5.75 
1.89 
4.89 
1.38 
1.66 

RG3-250 35.77 
· RG3-250A 37.49 
RG3-1250 36.23 
RG4·1250 43.93 
RG4-3000 89.64 
RR3-250 53.54 
RR3·1250 94.83 
511El2 40 .25 . 
5130 3.45 
5130P 4.03 
5TV280-40 

UY41 1.44 
UY85 1.20 
VL5631 15.24 
XGI-2500 42 .04 
XGl-6400 

113.50 
XGS-500 28.52 
XG2-6400 

106.15 
XR1-1600A 

38.53 
XRI-3200 93.15 
XRI -3200A 

93 .15 

. BK484 
BS90 
BS810 
BT5 
BTI7 
BTI9 
BT29 
BT69 
BT75 

321.69 
333.50 
102.46 
127.02 

EIBOCC 
El80F· 
El82CC 
El86F 
E188CC 
E280F 
E283CC 
E288CC 
EA52 
EA76 
EA8C80 
EAC91 
EAF42 
EAF801 
EB41 
EB91 
EBC33 
EBC41 
EBC81 
EBC90 
EBF80 
EBF83 
EBF89 . 
EBL31 
EC90 
EC91 
EC92 
ECI57 
ECC33 
ECC35 
ECC40 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECC88 
ECC89 
ECC9! 
ECC189 
ECC807 
ECC808 
ECF80 
ECF82 
ECF86 
ECH35 
ECH42 
ECH81 
ECH83 
ECH84 
ECLBO 
ECL81 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
EF40 
EF41 
EF42 
EFSO 
EF54 
EFSS 
EF80 
EF83 

2.30 
1.38 
0.92 
1.44 
2.02 
2.30 
1.01 
2.02 
1.44 
1.26 
0.97 
0.58 
1.44 
0.97 
2.88 
1.28 
8.69 
1.44 

• EL41 1.44 

GXU3 
GXU4 
GXU50 
GYSOI 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
KT66 
KT88 
KTW61 
KTW62 
KTW63 
M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
MSIOO 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M8162 
M8163 
M8190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MUI4 
MX119 
MXI23 
MXI45 
MX151 
MX152 
MXI61 
MXI63 
MX164 
MX166 
MXI68 
N78 
OA2 
OA3 
OA4 
OB2 
083 
OC2 
OC3 
OD3 
OZ4 
PC86 
PC88 

9.49 
11.30 
9.87 
8.54 

11.99 
4.31 
4.09 
5.50 
5.98 
9.49 
9.75 
9.73 
5.17 
5.52 
7.77 
4.31 
5.86 
9.11 

10.36 

PCF806 1.84 11.50 
5TV280-80 

XRI -6400 
102.01 

XRI-6400A 
164.23 

YDII20 264.50 
YDI240 366.62 
Z759 19.32 
ZMIOOO , 6.03 
ZM1001 6.19 
ZM1020 10.83 
ZMJ021 10.17 
ZM1022 10.60 
ZM1023 8 .81 
ZM1040 22.26 
ZMI041 19.16 
ZMI042 20 .44 
ZMI051 100.05 

· BT95 
CBL31 
CL33 
CY31 
CIK 
C3A 
C3JA 
DA41 
DA42 
DAHlO 
DAF91 
DAF96 
DET22 
DET24 
DF91 
DF96 
DK91 
DK92 
DK96 
DL92 
DL94 
DL96 
DLSIO 
DL515 
DLSI6 
DL519 
DM70 
DM71 
DM160 
DY87 
DY802 
E5SL 
E80CC 
E80CF 
E80F 
ESOL 
E81CC 
E81L 

. E82GC 
E83CC 
E86C 
E88C 
E88CC 
E90CC 
E90F 
E91H 
E92CC 
E99F 

2.30 
2.30 
1.15 

21.30 
u.50 
23.23 
21.50 
12.30 

112.62 
0.46 
1.15 

32.78 
52.90 

0.46 
1.15 
1.21 
1.44 
1.26 
1.26 
1.38 
1.26 
9.48 

12.37 
12.37 
12.37 

1.44 
1.44 
3.96 
0.74 
0.96 

25.17 
10.13 
12.96 
14.19 . 
13.98 
6.62 

14.06 
7.03 
7.16 

12.48 
7.12 
3.86 
9.90 

10.38 
5.34 
9.40 

10.16 

BASES 
B7G unskirted 
B7G skirted 
B9A unskirted 
B9Askirtcd 
lntOctal 
Loera! 
Nuvistor base 
SpinDIL 
14 pin DIL 
16 pin DIL 
Valve screening 
cans all sizes 

0.25 
0.35 
0.25 
0.35 
0.40 
0.63 
0.86 
0.17 
0. 17 
0.20 

0.35 

310.50 
4.02 
4.02 
2.30 
1.01 
0.82 
1.01 
1.36 
1.38 
2.30 
2.07 
1.88 

10.27 
1.90 
2.02 
2.59 
1.24 
1.38 
1.73 
2.30 
1.32 
1.38 
1.44 
1.47 
1.15 
1.73 
1.15 
1.73 
1.61 
1.28 
1.38 
4.02 
3.16 
3.45 
2.30 
2.30 
1.73 
5.75 
2.88 
0.92 
4.03 

CRTs 
2API 9.78 
2BPI 10.35 
38Pl 11.50 
3DP1 5.75 
3EG1 8.05 
3FP7 6.90 
3GPI 6.90 
3JPI 9.20 
3JP2 9.20 
3JP7 Ll.50 
3KPI 17.25 
3RPI 40.25 
3WP1 23 .00 

EL42 2.02 
EL81 2.88 
EL83 4.03 
EL84 1.15 . 
EL86 2.88 
EL90 1.10 
EL91 8.21 
EL95 1.51 
ELI56 27.60 
EL360 9.77 
ELS00/504 2.16 
EL509 3.63 
EL821 11.46 
EL822 12.55 
EM34 5.75 
EMBO 1.26 
EMS! 1.15 
EM84 1.15 
EM85 1.44 
EM87 1.73 
EN32 16.28 
EN91 2.94 
EN92 6 .18 
E¥51 2.02 
EYBI 1.89 
EY83 2.02 
EY84 10.57 
EY86 0.96 
EY88 2.02 
EY500A 2.23 
E¥802 94 
EZ35 97 
EZ40 1.44 
EZ41 1.44 
EZ80 0.96 
EZ81 0.96 

, EZ90 1.38 
FW4·500 2.88 
FW4-800 2.88 
Gl.371K 41.40 
G551K 12.65 
G!80.2M 18.42 
G240.2D 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
GSI6 1C.35 
GTIC 14.38 
GUSO 14.31 

SAD PI 
58Pl 
5CPI 
5CPIA 
5FPI5A 
5UP7 
DG7-5 
DG7-31 
DG7-32 
DH3-91 
DH7-11 
VCR97 
VCRI38 

40.25 
11 .50 
11.50 
46.00 
17.25 
28.75 
72.82 
66.78 
66.78 
67.65 

130.09 
13.80 
11.50 

5.17 
5.29 
4.25 
7.47 
6.57 

12.47 
3.80 
4.66 
2.99 

13.32 . 
•1.73 

58.65 
67.85 
58.65 
17.25 

135.70 
166.75 
23 .11 
25.88 

142.60 
48.30 
10.35 

2.36 
5.69 
4.02 
1.44 
2.20 
3.04 
2.20 
2.20 
1.84 . 
1.61 
1.61 
1.49 

VCR138A 14.38 
VCRI39A 9.20 
VCR517A 11.50 
VCR517B 11.50 
VCRSI7C 11.50 

Tube Bases 
Prices on 
application 

PCF808 1.84 
PCL82 1.15 
PCL83 2.30 
PCL84 1.15 
PCL85 1.24 
PCL86 1.24 
PCL805/85 1.24 
PD500 4.14 
PE06-40N 31.40 
PFL200 2.07 
PL36 1.38 
PL81 1.38 
PLSIA 1.38 
PL82 1.38 
PL83 2.55 
PL84 1.24 
PL504/5 1.61 
PLS08 2.07 
PLS09 3.73 
PLS19 . 3.73 
PL801 1.27 
PL802 3.40 
PY33 1.27 
PY81 0.97 

' PY82 0.92 
PY83 0.81 
PY88 1.01 
PYSOOA 2.07 

. PY800 0 .97 
PY801 0.97 
QQV02·6 14.44 
QQV03-20A 

20.13 
QQV06-40A 

47.15 
QQV07-50 60.66 
QQZ03-20A 

59.80 
QQZ06-40A 

7400 
7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
74!0 
7412 
7413 
7416 
7417 
7420 
7422 

55.10 
14.38 
5.13 
2.88 

0.18 
0.20 
0.20 
0.20 
0.21 
0.21 
0.49 
0.49 
0.23 
0.23 
0.20 
0.33 
0.37 
0.37 
0.37 
0.21 
0.23 

24.15 
5U41 2.88 
5U42 10.35 
TD03-10 32.18 
TD03-IOE 32.78 
TD03-29F 33.93 
TTI5 34.50 
TT21 14.16 
TT22 18.98 
ITJOO 59.51 
TY2·125 69.01 
TW4-400 74.07 
TY4-500 101.44 
TYS-500 178.25 
TY6-800 181.70 
TY6-5000A 

337.51 
TY6-SOOOB 

. 264.50 
TY6-5000W 

290.98 
TY7-6000A 

357.49 
TY7-6000W 

TZ40 
Ul8·20 
Ul9 
U25 
U26 
U37 
UABC80 
UAF42 
UB41 
UBC41 
UBF89 
UCC84 
UCC85 
UCFSO 
UCH42 
UCH81 
UCL82 
UCL83 
UF41 
UF42 
UF80 
UF85 
UF89 

742~ 
7425 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7447AN 
7450 
7451 
7453 
7454 

286.33 
17.25 

2.88 
15.8) 

1.33 
1.66 

10.35 
1.44 
1.44 
1.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
2.67 
1.20 
1.66 
1.15 
1.44 
1.66 
1.66 
l 

0.38 
0.35 
0.35 
0.50 
0.20 
0.35 
0.46 
0.37 
0.37 
0.37 
1.04 
0.83 
1.35 
0.21 
0.21 
0.21 
0.21 

IB3GT 2.58 
JB24 11 .50 
IB35A 28.75 
IB63 57.50 
IRS 1.21 
ISS 0.46 
IT4 0.46 
2ASI5 11 .50 

· 2C39A 21.85 
2C43 20.70 
2021 2.94 
2E26 15.34 
2}42 89.70 
2]55 239.97 
2J70A 270.25 
2]708 418 .34 
2K25 40.25 
3-400Z 57.50 
3-500Z 63.25 
3A5 2.70 
3824 9.20 
3B28 8.63 
3B29 11.50 
38240M 17.25 
3B241M 17.25 
3C23 18.73 
3C45 28 .18 
3CXIOOA5 

7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7482 
7483 
7484 
7486 
7490 
7491 
7492 
7493 
7494 

23 .00 
29:67 

1.26 
1.38 

29.15 
41.99 
41.99 

0.21 
0.44 
0.38 
0.44 
0.44 
0.62 
0.48 
0.64 
0.86 
1.15 
1.21 
0.45 
0.69 
0.94 
0.69 
0.69 
0.94 

t I 
t I • 

OC205 
OC206 
OC207 
OCP71 
ORPI2 
R2008B 
R2009 
R2010B 
TIC44 
TIC226D 
TIL209 
TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A . 
TIP41A 
TIP42A 
TIP2955 
TIP3055 
Tl543 
ZSI40 
ZSI70 
ZSI78 
Z5271 
Z5278 
ZTXI07 
ZTX!08 
ZTXI09 
ZTX300 
ZTX301 
ZTX302 
ZTX303 
ZTX304 
ZTX311 
ZTX314 
ZTX500 

3.45 
3.16 
3.16 
2.88 
2.30 
1.15 
2.30 
2.59 
2.30 
0.31 
1.38 
0.18 
0.49 
0.52 
0.38 
0.41 
0.62 
0.77 
0.51 
0.48 
0.81 
0.64 
0.49 
0.29 
0.24 
0.62 , 
0.26 
0.65 
0.14 
0.14 
0.14 ' 
0.15 
0.16 
0.21 
0.21 
0.23 
0.15 
0.29 
0.16 
0.16 

29.16 
74.75 
31.63 
48.88 
24.41 
28.75 
23.12 
23 .12 
74.75 

4CX250B 
4CX350A 
4XISOA 
4Xl50D 
5B254M 
5B255M 
5C22 
5jl80E 
5R4GY 
5U4G 
SU4G8 
SV4G 
5Y3GT 
.SZ3 
5Z4G 
5Z4GT 
6-30L2 
6AB4 
6AB7 
6AC7 
6AF4A 
6AG7 
6AH6 
6AKS 
6AK6 
6AL5 
6AM4 
6AM5 
6AM6 
6AN5 
6AN8A 
6AQ5 
6A56 
6AS7G 
6AT6 
6AU5GT 
6AU6 
6AV5GA 
6AV6 
6AXSGT 
6B7 

1380.00 
2.30 
3.86 
2.90 
1.75 
0.98 
1.73 
1.75 
1.75 
1.79 
1.44 
1.73 
1.61 
1.84 
2.30 
5.52 
4.15 
2.81 
1.01 
2.65 
8.21 
l-07 
4.45 
3.97 
1.10 
5.73 
9.49 
0.98 
4.97 
1.24 
4.52 
0.98 
3.57 
1.73 
2.02 
1.15 
5.89 
4.31 
4.27 
1.24 
1.75 
1.24 
4.84 

6B8 
6BA6 
6BA7 
6BA8A 
6BC4 
68E6 
6BH6 
6BJ6 
6BK4 
6BL6 
6BL7GT 
6BM6 
6BN6 
6BQ7A 
6BR7 
6BR8 
68S7 
6BW6 
68W7 
6BX7GT 
68Z6 
6C4 
CB6A 
6CD6GA 
6CG7 

7495 
7496 
7497 
74100 
74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 

97.75 
4.44 

97.75 
1.89 
4.2S 
4.60 
2.02 
4.60 
4.60 
1.75 
5.70 
2.73 
1.01 
2.86 
5.83 
2.62 
9.78' 

0.84 
0.94 
3.62 
1.77 
0.52 
0.84 
0.59 
0.82 

. 2.13 
1.15 
1.77 
0.95 
0.49 
0.71 
1.36 
0.67 
0.67 
0.72 
0. 

Terms of business: CWO. Postage -and packing valves and semiconductors 40p per order. CFiTs £1 . All prices include VAT. 
Price ruling at time of despatch. · 
In some cases prices of Mullard and USA valves will higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. 

WW- 036 FOR FURTHER DETAILS 

ZTX503 
ZTXS04 
ZTX531 
ZTX550 
IN914 
IN916 
IN4001 
IN4002 
IN4003 
!N4004 
IN4005 
IN4006 
1N4007 
IN4009 
IN4148 
IN5400 
IN5401 
IS44 
15920 
IS921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N697 
2N698 
2N705 
2N706 
2N708 
ZN930 
2Nll31 
2Nll32 
2Nl302 
2Nl303 
2Nl304 
2Nl305 
2NI306 
2N1307 
2N1308 

6D2 
6DK6 
6DQ6B 
6EA8 
6EB8 
6EW6 
6F6 
6F23 
6F28 
6F33 
6Hl 
6H2N 
6H3N 
6H6 
6J4 
6J6 
6J7 
6K4N 
6K6GT 
6K7 
6K8 
6KD6 
6L6G 
6L6GA 
6L6GT 
6L6GC 
6L7 
6N2P 
6N3P 
6N7 
6P25 
6Q7 
6R7 
6SA7 
6SC7 
65F7 
65H7 
6SJ7 
6SK7 
65K7GT 
6SN7GT 
65Q7 
6SR7 
6S57 
6USG 
6U8 
6U8A 
6V6GT 
6X4 
6X5GT 
7B7 
7C5 
7C6 
7H7 
7R7 
757 
7Y4 
7Z4 
11E3 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12AX7 
12AY7 
12B4A 

74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74172 
74173 
74174 

0.22 
0.24 
8.28 
0.29 
0.06 
0.10 
0.07 
0.07 
0.07 
0.08 
0.10 
0.13 
0.14 
0.08 
0.05 
0.15 
0.15 
0.05 
0.09 
0.10 
1.15 
1.15 
1.15 
1.50 
0.37 
0.37 
0.37 
1.44 
0.29 
0.29 
0.29 
0.35 
0.35 
1.38 
0.92 
1.38 
1.15 
1.73 
1.27 
2.01 

1.01 
3.00 
4.69 
3.38 
2.44 
1.73 
2.02 
1.84 
1.33 

29.90 
14.38 

1.21 
1.21 
1.73 
6.10 
6.21 
8.07 
1.44 
1.50 
1.73 
2.02 
7.31 
2.88 
1.73 
2.24 
2.88 
2,30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.07 
1.67 
1.73 
1.84 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.07 
2.30 
0.92 
3.38 
1.84 
1.38 
0.97 
1.96 
3.40 
2.60 
2.30 
1.73 
2.98 
1.84 
2.13 

60.82 
1.38 
1.01 
2.97 
0.83 
2.55 
4.00 
1.01 
4.69 
3.62 
2.52 

0.59 
1.02 
2.64 
2.99 
2.99 
1.15 
2.30 
2.02 
2.07 
1.08 
2.07 
1.04 
1.04 
0.86 
2.53 
2.76 
5.06 
1.63 
1.84 

2Nl613 0.37 
ZNI671 1.73 
2NI893 0.37 
2N2147 4.60 
2N2148 4.31 
2N2218 0.37 
2N2219 0.37 
2N2220 0.23 
2N2221 0.23 
2N2222 0.23 
2N2223 0.64 
2N2368 0.29 
2N2369A 0.29 
2N2484 0.29 
ZN2646 0.58 
2N2904 0.37 
2N2905 0.37 
2N2906 0.24 
2N2907 0.24 
2N2924 0.30 
2N2925 0.25 
2N2926 0.17 
2N3053 0.30 
2N3054 0.63 
2N3055 0.75 
2N3440 0.81 
ZN3441 0.98 
2N3442 1.44 
2N3614 2.53 
2N3702 0.13 
ZN3703 0.13 
2N3704 0.13 
2N3705 0.13 
2N3706 0.13 
2N3707 0.13 
2N3708 0.12 
2N3709 0.13 
2N3710 0.12 
2N3711 ~ 0.12 

128H7 
128Y7 
12El 
12EIITT 
12E14 
BEl 
19H4 
19H5 
24B9 
30CI5 
30CI7 
30CI8 
30FS 
30FLI/2 
30FLI2 
30FLI4 
30Ll 
30Ll5 
30Ll7 
30P4 
30Pl9 
30PLI 
30PLI4 
30PLI5 
3SW4 
SOC5 
75Bl 
75Cl 
85Al 
8SA2 
90AG 
90AV 
90Cl 
90CG 
90CV 
92AG 
92AV 
95AI 
15082 
15083 
150C2 
ISOC4 
211 
723AB 
803 
805 
807 
811A 
812A 
813 
833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 

:m~ · 
. 5544 

5545 
55SIA 
5552A 
5553A 
5642 
5654 
5651 

2.79 
1.29 
3.11 

19.67 
19.26 
34.50 · 

123.05 
28.15 
40.25 
55.20 

1.84 
1.84 
1.84 
1.93 
1.28 
2.01 
1.84 
1.15 
2.07 
2.07 
1.06 
1.38 
2.88 
1.93 
2.07 
0.69 
0.81 
5.38 
2.70 
8.63 . 
2.75 

14.90 
14.90 

2.81 
16.72 
17.50 
14.90 
14.90 

7.48 
3.47 
6.39 
2.21 
2.75 

21.85 
40.25 
11.50 
23.00 

4.31 
18.32 
18.26 
85.87 

128.80 
15.23 
21.47 

5.01 
16.97 

2.59 
1.96 
8.00 

304.75 
304.75 

62 .10 
67 .85 

106.03 
143.35 
259.10 

6.45 
3.93 
2.65 

74175 1.17 
74176 1.33 
74178 1.56 
74179 1.56 
74180 1.38 
74190 2.19 
74191 2.19 
74192 2.19 
74193 2.19 
74194 1.44 
74195 1.38 
74196 1.55 
74197 1.55 
74198 3.f1 
74199 2.64 
76013N 2.02 
TAA570 2.65 
TAA6305 4.02 
TAA700 4.50 

2N3772 
2N3773 
2N3819 
2N3820 
2N3823 
2N3866 
2N3904 
2N3905 
2N3906 
2N4058 
2N4059 
2N4060 
2N4061 
2N4062 
2N4124 
2N4126 
2N4286 
2N4288 
2N4289 
2N5457 
2N5458 
2N5459 
2SOI7 
2S019 
2S026 
2SJ03 
2S302 
25303 
2S322 
2S324 
2S701 
2S74SA 
2S746A 

1.84 
2.07 
0.35 
0.45 
0.69 
1.15 
0.20 
0.20 
0.20 
0.23 
0.23 
0.18 
0.18 
0.18 
0.18 
0.18 
0.17 
0.21 
0.21 
0.37 
0.37 
0.37 

11.50 
13.80 
28.75 
1.73 
2.30 
1.73 
4.03 
4.03 
2.30 
1.09 
1.09 

5670 5.18 
5675 19.91' 
5687 6.31 
5696 4.35 

. 5718 7.87 
5725 5.62 
5726 3.62 
5727 5.42 
5749 5.14 
5751 4.80 
5763 4.66 
5814A 4.28 
5840 5.06 
5842 13.90 
S876A 19.55 
5879 5.38 
5886 12.08 
5963 3.38 
5965 4.00 
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 5.80 
6080 7.88 
6097AxBxC 

6146A 
6146B 
61598 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 
7587 
7609 
7868 
7895 
8005 
8068 
8122 
8136 
8417 
18042 
18045 

46.00 
10.30 

8.12 
17.27 
10.03 
5.28 

17.25 
12.77 
4.38 
2.73 
6.45 

11.66 
20.11 
36.57 

5.04 
13.25 
75.03 
6.33 

60.11 
2.48 
6.76 
8.63 

12.06 

Tested 
Ex-Equipment 

4CX250B 5.7~ 

TBA480Q i .12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3.70 
TBAS60CQ 3.70 
TBA673 2.52 
TBA700 1.75 
TBA720Q 2.65 
T BA750Q 2.38 
TBA800 1.38 
T8A920 3.34 
TBA920Q 3.34 
T8A990Q 3.34 
TCA270Q 3.34 
TCA760A 1.59 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 

Open to. callers Monday-Friday 9 a.m.-5 p.m. 

www.americanradiohistory.com

www.americanradiohistory.com
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VALVES Minimum VALVES VAT 
Orcfer-£1 IS INCLUDED 

A1065 1.40 EL509 2.70 QOV06/40A 6AL5 0.60 11E2 19.50 6064 . 2.30 A2293 8.80 El802 1.70 16.10 6AL5W 0.85 12A6 0.70 6065 _ _ 3"ZO A2900 9.20 EL821 8.20 OV03-12 4.20 6AM5 4.20 12AT6 0.70 6067 2.30 ARB 0.75 EL822 9.95 SC1/400 4.50 6AM6 1.50 12AT7 0.65 6080 5.30 ARP3 0.70 EM31 1.60 SC1/600 4.50 6ANBA 2.50 12AU7 0.60 .6146 4.!!6 ATP4 0.60 EMBO 0.85 SP61 1.80 6A04 3.40 12AV6 0.95 61468 5.20 B12H 3.90 EM81 0.85 TI21 16.50 6A05 1.00 12AX7 0.65 '6360 2.85 CY31 1.40 EM84 0.85 U25 1.15 6A05W 1.80 12BA6 0.90 6550 6.60 OAF96 0.70 EM87 1.30 U26 1.15 6AS6 1.15 12BE6 1.25 6870 14.00 OET22 26.95 EY51 0.95 U27 1.15 6AT6 0.90 12BH7 1.10 8552 8.20 OF96 0.70 EY81 0.65 U191 0.85 6AU6 0.60 12C8 0.65 6973 3.30 01<96 1.20 EYB6/B7 0.60 U281 0.70 6AV6 0.85 12El 18.95 7199 2.85 OH76 0.75 EYBB 0.65 U301 0.65 6AX4GT 1.30 12JSGT 0.55 3BP1 11.00 OL92 . 0.60 EZ80 0.70 U600 11.50 6AX5GT 1.30 121<7GT 0.70 5FP7 18.00 OYB6/B7 0.65 EZ81 0.70 U801 0.90 6BA6 0.55 12KBGT 0.80 4EP1 32.00. OYB02 0.70 GM4 5.90 UBC41 1.20 6BE6 0.60 1207GT 0.60 88J 14.00 E55L 14.90 GY501 1.30 UABCSO 0.75 6BG6G 1.60 12SC7 0.65 88L 14.00 E88CC 1.60 GZ32 1.05 UAF42 1.20 6BJ6 1.30 12SH7 0.65 CV1526 16.00 EBBCC/01 3.10 GZ33 4.20 UBFBO 0.70 6B07A 0.85 12SJ7 0.70 DG7-~2 34.80 E92CC 1.20 GZ34 2.75 UBF89 0.70 6BR7 4.80 12S07 1.45 OG7-36 36.00 E1.80CC 2.80 GZ37 3.95 UBL21 1.75 6BW6 6.20 12S07GT 0.85 DPM9-1 1 38.40 E180F 6.30 I<T66 6.30 UCC84 0.85 6BW7 0.90 12Y4 0.70 013-33GM · E182CC 4.95 9.20* UCC85 0.70 6C4 0.50 1303 0.70 41.80 EA76 2.25 I<TBB 8.95 UCFBO 1.30 6C6 0.55 1305 0.90 EABCSO 0.60 13.80* UCH42 1.65 6CH6 8.20 1306 0.80 *spec. 0 
EB91 0.60 MH4 2.50 UCH81 0.75 6CL6 1.70 14S7 1.15 EBC33 1.15 ML6 2.50 UCL82 - 0.95 6CXB 3.80 19A05 0.85 PLUMBICON 
EBC90 0.90 MXl0/01 21.50 UF41 1.35 6CY5 1.15 19G3 11.50 P8003LF 
EBFBO 0.60 N7B 9.90 UFBO 0.95 60(\ 0.70 19G6 8.50 PSOO IR 
EBF83 0.60 OA2 0.70 UF85 0.95 6EA8 3.20 19H5 39.55 PBOOIB 
EBF89 0.80 082 0.80 UL41 2.30 6F6 1.60 2001 0.80 X01020R 
EC52 0.65 PABCBO 0.60 UL84 0.95 6F6GB 1.10 20F2 0.85 X010208 
EC91 3.40 PCBS 0.75 UMBO 0.90 6F7 2.80 20E1 1.30 SPECIALV. EC92 0.85 PC86 0.95 UM84 0.70 6F8G 0.85 20Pl 0.116 ECC81 0.65 PCSB 0.95 UY82 0.70 6F12 1.50 20P3 0.75 4CX 1000A 
ECC82 0.60 PC97 1.50 UY85 0.85 6F14 1.15 20P4 1.25 4CX5000A 
ECC83 0.65 PC900 1.15 VR105/30 6F15 1.30 20P5 ' 1.35 

BM25L 
ECCB4 0.60 PCCB4 0.50 1.25 6F17 1.15 BW153 
ECCB5 0.60 PCC89 0.85 VR150/30 1.35 6F23 0.75 

25l6GT 0.95 OM 25LB 
ECCB6 1.70 PCC189 1.05 X66 0.95 6F24 1.75 

25Z4G 0.75 YL 1420 
ECCBB o.ao PCF80 0.80 X61M 1.70 6F33 10.50 

30C15 0.50 YL1430 
ECC189 0.95 PCF82 0.70 XR1 -6400A 6FH8 4.20 30C17 0.50 YL 1440 
ECCB04 0.90 PCF84 0.75 82.90 6GA8 0.90 

30C18 2.45 . GXU6 
ECFBO 0.85 PCF86 1.50 Z759 19.00 6GH8A 0.95 

30F5 1.15 CV1597 
ECF82 0.65 PCF87 0.50 Z749 0.75 6H6 1.60 3bFL2 1.40 CV2116 
ECF801 1.05 PCF200 1.60 zaoou 3.45 6J4 1.35 30FL 12 1.25 4CX 15008 
ECH34 2.25 PCF201 1.65 ZB01U 3.75 6J4WA 2.00 30FL14 2.15 BA 189 
ECH35 1.70 PCFBOO 0.50 Z803U 16.00 6J5 2.30 30Ll5 1.10 BR 179 
ECH42 1.20 PCF801 1.75 Z900T 2.45 6J5GT 0.90 30L17 1.10 CV6131 
ECHB1 0.70 PCF802 0.85 1A3 0.85 6J6 0.65 30Pl2 1.15 GMU2 
ECHB4 o.ao PCF805 2.45 1L4 0.50 6J6W 0.90 30Pl13 1.25 TY4-500 
ECLBO 0.70 PCF806 1.20 1R5 0.60 6JE6C 2.95 30Pl14 2.45 BK485/5552A · 
ECL82 Q.75 PCF808 2.75 1S4 0.45 6JS6C 2.95 35L6GT 1.40 MIL 5948/1754 
ECL83 1.40 PCH200 1.35 1S5 0.45 6K7 0.80 35W4 0.80 

IC ECL85 o.ao PCL81 0.75 1T4 0.45 6L6M 2.80 35Z4GT 0.80 
ECL86 0.90 PCL82 0.95 1U4 0.80 6L6G 2.50 40KD6 3.15 SN5402N 0.28 
EF37A 2.15 PCL84 0.90 1X2B 1.40 6L6GC 2.10 50C5 1.15 SN5410F 0.32 
EF39 1.80 PCL86 1.05 2021 1.10 6L6GT 1.25 50CD6G 1.35 SN5470F 0.48 
EFBO 0.65 PCL805/85 1.25 1.85* 6L7G 0.65 7581 125 SN54196J 1.20 

SN7407N 0.29 EFB3 1.75 PDS00/510 4.30 21<25 11.90 6L18 0.70 75C1 1.70 SN7408N 0.18 EF85 0.60 PFL200 1.10 2X2 1.15 6L06 2.95 76 0.95 SN7445P 0.85 EF86 0.75 2.80 3A4 0.70 6L020 0.70 78 0.95 SN74453P 1.10 EF89 1.05 PL36 1.25 3AT2 2.40 6I<G6A 2.70 80 1.70 EF91 1.50 PL81 0.85 306 0.50 607G 1.30 85A2 1.40 SN7453N 0.18 
EF92 2.90 PL82 0.70 3022 23.00 6SA7 1.00 2.55° SN74L73N 0.38 
EF95 0.65 PL83 0.60 3E29 19.00 6SG7. 1.15 723A/B 11.90 SN7474N 0.30 
EF96 0.60 PLB4 0.95 SN7485N 0.95 3S4 0.60 6SJ7 1.05 807 1.25 SN74L85N 1.10 EF183 o.ao PL504 1.45 4832 18.25 6SI<7 0.95 813 14.80 SN7491AN 0.32 EF184 0.80 PL508 1.95 58/254M 16.90 6SL7GT 0.85 8298 14.00 SN74123N 0.42 EFB04 4.95 PL509 2.90 58/255M 14.50' 6SN7GT 0.80 832A 8.90 DM74123N 0.38 EFB12 0.75 PL519 3.20 58/258M 12.50 6SR7 1.10 866A 3.80 SN15836N 0.26 EFL200 1.85 PL802 3.20 5C22 29.90 6S07 0.95 866E 6.25 SN76013N 1.80 EH90 o.a5 PY33 0.70 5R4GY 1.80 6V6G 1.50 931A 13.80 SN76003N 1.60 EL32 1.10 PYBO 0.70 SU4G 0.75 6V6GT 0.95 954 0.60 SN76033N 1.95 EL34 1.80 PY81/800 0.85 5V4G 0.75 6X4 0.75 955 0.70 MC6800P 8.20 2.90* PY82 0.65 5Y3GT 0.80 6X4WA '2.10 956 0.60 MC68BOOP 9.80 EL37 4.40 PY83 0.80 5Z3 1.50 6XSGT 0.65 957 1.05 MC14511BA1 ELB1 2.45 PY88 0.85 SZ4G 0.75 6Y6G 0.90 1625 1.80 2.95 EL82 0.70 ~~~ 1.70 5Z4GT 1.05 6Z4 0.70 1629 1.85 B1702Al 4.30 ELB4 0.80 6.45 6/30L2 0.90 787 1.75 2051 2.90 MM6300-1J EL86 0.95 PY801 0.80 6A87 0.70 7Y4 1.25 5763 4.20 ' 3.80 EL90 ·1.00 OOV03/10 2.85 6AC7 1.15 902 0.70 5842 7.50 MCM6810AP EL91 4.20 OOV03-20A 6AG5 0.60 906 2.90 5881 3.40 3.40 EL95 o.ao 14.40 
EL504 1.70 OOV03-25A 

6AH6 1.15 10C2 0.85 5933~ 6.90 6340-lJ 3.60 
ELB03 5.90 21.20 

6AK5 0.65 10F18 0.70 6057 2.20 MIC945-50 0.28 6AKB 0.60 10P13 1.5o 6060 1.95 MIC936-50 0.22 

VALVES AND TRANSISTORS FIELD TELEPHONES TYPE "J". 
Telephone enquiries for valves, transistors, etc: Tropical, in metal cases. retail749 3934. trade and export 743 0899. . 

10-LINE MAGNETO 

I PRICES MAY VARY I SWITCHBOARD. Can work with 
every type of magneto tele-

TEST SET FT2 FOR TESTING Transceivers A40, phones. 
A41, A42 and CPRC26. 
HARNESS "A" & "B" CONTROL UNITS "A" "R" · POSTAGE: £1-£3 45p; £3-£5 55p; "J1" "J2," Microphones No 5, 6, 7 connectors, £5-£10 60p; £10-£15 75p; £15-frames, earner sets, etc. 
DRUM CABLE continuous connection YC 00433. £20 90p; over £20 free. 

COLOMOR 
Tet 01-743 0899 
or 01-749 3934 

(ELECTRONICS LTD.) Open Monday to Friday 
170 Gotdhawk Rd., London W.12 9 a.m.-5.30 p.m. 
-- - ·-- - ---- -- -- -- -- ----- -- ·····-

TV TUBE REBUILDING 
Faircrest En!iJineering Ltd. miijlufacture a comprehensive 
range of e_qu1pment for processmg all types of picture tubes, 
colour and mono. Standard or custom built un-its for estab~ ; 
lished or new businesses. We export world-wide and have an 
excellent spares service backed by a strong technical ~ea m. 

Full training courses are individuaily tailored to customers' 
requirements . 

·For full details of our service contact Neii Jupp 

FAIRCREST ENGINEERING LTD •. 
Willis Road , -Croydon,! ~Ff¢2>oC' 

01-6841422/01-684 0246 

WW - 069 FOR FURTHER DETAILS 

WIRELESS WORLD JULY 1981 

THE COMPLETE SOLUTION TO 

STRAIN GAUGE 
AMPLIFICATION 

• COMPLETE WITH BRIDGE SUPPLY 
• COMPLETE WITH ALL ADJUSTMENTS (SPAN 

ZERO BRIDGE VOLTAGE) 
• COMPLETE (NO EXTERNAL COMPONENTS 

NEEDED) 

The series SGA 700 provides the complete solution to 
Strain Gauge Amplification. Simply connect the bridge, 
connect the power supplies and the SGA 700 does the 
rest. It also offers high stability. Miniature size, good 
~upply rejection -in fact a specification as good as many 
Instruments many times the price and size. · 

CIL Electronics Ltd 

elL 14 Willowbrook Road, 
Worthing, Sussex BN14 8NA. 

elecrromcs ltd Tel: Worthing (0903) 204646 
Telex: 87515 WISCO G ATI CIL 

WW - 052 FOR FURTHER DETAILS 

. MULLARD MODULES 
LP1171 PLUS LP1179 
IF. Strip. AM. FM. 

Pair £5.75 FRONT END 

LP1157 

LP1186 
VARICAP 

£5.00 

MED. & LONG TUNER, £2.50 
Complete with Data 

FOSTER DYNAMIC MICROPHONES 
200 ohm 'impedence 

Moving c0il. £1.75 pair 
Complete on chassis 

ULTRASONIC TRANSDUCERS 
40KC/S 
Complete on 18in. screened cable' 
£1.75 ea. Pairs £2.95. 

ULTRASONIC TRANSMITTER 
Complete unit (uncased requires 1.5V) 
£3.25. 

STEREO CASSETTE TAPE HEADS 
Quality replacement for , most re
corders with mounting plate. Record/ 
Replay. £2.80. \ 

repla~~~D~~~7c)~mmon anode. Definitely the 

(5082-7S50fhlgh efficiency and very bright. 
E~celle!'lt ~haracter appearance, evenly lighted segments, 
w1de v1ew1ng angle, body colour improves 'Off' segment 
contras~. Ca_tegor1zed_ for luminous intensity, use of like 
categortes y1elds a un1form display. Consumption as low as 
3mA per ~egmel)t, ~esigned for multiplex operation. Stan
dard 14-pln dual-1n-l1ne package configuration . SETS OF6 

FOR£5 

BRITISH MADE 
' 52 KEY 7 BIT 

ASCII CODED 
'POSITIVE STROBE. 

+5V · 12V. 
• FULL ASCII 

CHARACTERS 
• PARALLEL OUTPUT 

WITH STROBE 
'POWER LIGHT ON 

CONTROL 
'CHIP BY GENERAL 

INSTRUMENT (G 1.) 
TIL OUTPUT 

'SUPERBLY MADE 
SIZE 13 X 5.5 X 

1.5 ins. 

ONLY £1 EA. 

MONSANTO + 1 display. Half inch 
common anode, intensity. 14 pin 
OIL. £1 each. Set of 4 for £3.50. 

The 'CHERRY' Computer Keyboard 
• BLACK KEYS WITH . 

WHITE LED GENS Ideal for use w1th TANGERINE, 
• ESCAPE SHIFT TRITON, TUSCAN, APPLE and most 
· RETURN. & RESET computers. Ex-Stock from HENRY'S 
KEYS This is definitely the BEST BUY. FULLY 

• CONTROL. REPEAT GUARANTEED. Suppl ied BRAND NEW in 
& BELL manufacturers original packing . Just post 

remittance total £35.95 (incl. V.A.T. & Post 
Comp(ete with DATA 404 Edgware Road 

London W2, ~:u~,,c:sulu. 
01-7231 

From£195 ~ ~~~ · 
Fully fledged industry standard ASR33 data ter · 
minal. Many features including: ASCII keyboard 
and printer for data 1/ 0, auto data detect circuitry, 
RS232 serial interface, 110 baud, 8 b1t paper tape 
punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage. Sup
plied in good condition and in work1ng order. 
Options: Floor stand £12.50 + VAT _ 

Sound proof enclosure £25.00 + VAT 

*ALARM 
*50/60HZ 
The same module as used in most ALARM/CLOCK 
radios today, the only difference is our p~ice! All 
electronics are mounted on a PCB measunng only 
3" x ll" 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 £5 25 
Suitable transformer £1. 75. • 

SEMICONDUCTOR 
'GRAB BAGS' 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possi~le 
bargains, we have thousands of I. C.'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 1tem to 
include in our ads., we are packing all these item~ 
into the "'BARGAIN PARCEL OF A LIFETIME 
Thousands of components at giveaway pnces! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by we1ght 
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es 
sig gen's motors, peripheral 

pplies, scop ' · ' d transformers, power sui omponents variacs, keyboar s, ds of 
equipment, I. C .'s, t?o s, c V D U's sub-assemblies + tho~san 
transistors, microswttches, . f-raction of our vast range, ts 

I. Just a mere 
other stock rnes: OO's of bargains tor callers. 
displayed beloW. 1 

CONNECT 
DIRECT TO 
YOUR MICRO 

~CK SOFTY 
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. 

Made by the "BALL MIRA TEL'' CORPORATION USA 1 -----------I +CAR 
+VAT the C012 is a self contained, mains powered chassis P 

professional monitor. All controls are inbuilt on a JUSTIN Made under licence from the world famous GE Co. single PCB with exception of the brtghtness control The ICL Termiprinter is a small attractive unit with which can be brought out for external use. Many so many features it is impossible to list them in the features such as composite video, quoted bandw1dth space available! Brief spec. as follows; RS232 of 19 Mhz, superb linearity and definition make th1s a 

Secondhand chassis 9'' Blue-best 
mains powered, video monitors, 
composite video input with inbuilt 
5v 3 amp DC P.S.U. Tested, but 
unguaranteed. 

serial interface, switchable baud rates 11 D, 150, must for any MICRO/CCTV applicatiOn. 
30o, (30 cps). upper and lower case correspond- Brand new and boxed only £97.50 +VAT ence type face, standard paper, almost s1lent run- +carnage £7.50 +VAT. • ning, form feed, electronic tab settings, sutted for Input harness, brightness pot and connector £2.50 £39.99 + £7.50 carriage 

Complete with circuit 
word processor applications plus many more +VAT. Dimensions 9"H x 11"0 x 1H'W 
features. Supplied in good condition and In work- HURRY W_HILE STOCKS LAST 
ing order. Limit~e~d~q~ua~n~t:ity~---------.JL.:.;;~;.;..;.;;~;;~~-r~~~~~~~~~~-=~:-:~=r:~---. 

STEP INTO THE SO's THE PRINTER SCOOP OF THE YEAR 
THE LOGABAX Z80 MICROPROCESSOR CONTROLLED 

LX180L MATRIX PRINTER 
A massive bulk purchase enables us to offer you this 

superb professional printerat a fract1on of 1ts recent 
cost of over £2000. Utilis1ng the very latest 1n 

microprocessor technolo_gy, it features a host of 
facilities with all electromcs on one plug tn P.C.B. _Just 
study the specification and you will instantly reahse 1t 
meets all the require merits of the most exacting 

professional or hobbyist user. 
STANDARD FUNCTIONS* Full ASCII character set* Standard 

ink ribbon * RS232N24 serial interface- 7 xtal controlled baud rates up 
to 9600 * 194 characters per tine* Parallel interface *Handshakes on senal and parallel 

l!!lrts * 4 Type fonts, italic script, double width, italic large, stand~rd .* Internal buffer 
*·Internal self test *170 CPS* Variable paper tractor up to 17.5 w1de *Solid steel 
construction* All software in 27lll eproms easily reconf1~;ured for custom fonts etc. 

All this and more, nat refurbished but BRAND NEW At Only £525 + VAT 
+ carriage and ins. £18.00 + 

OPTIONAL EXTRAS * Lower case £25.00 * 16K buffer £30.00 * Second tractor for 
simultaneous dual forms £85.00 * Logab~x maintenance. P.O.A. __ 

Dept. W.W. 64-66 Melfort Rd., Thornton Heath, MAIL ORDER 
Croydon, Surrey. Jel: 01-6897702or01-6896800 INFORMATION 

WITH TOMORROWS WORLD 
TECHNOLOGY TODAY 

THETANTEL 
PRESTEL-VEVVDATA 

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 whrte 
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 ~ompanies, eY_en play 
games!! All this and more without ever leavmg your 

armchair! 

from the u·.s.A. made by the world tamous R.C.A. Co' the 
Series of cased freestanding keyboards meet all requ_lre

ments of the most exacting user, right down to_ the pnce! 
Utilising the latest in switch technology. Guaranteed tn excess 
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. 
VP601 7 bit fully coded output with delayed 
strobe, etc. 
VP611 Same as VP601 with numeric pad. 
VP606 Serial, RS232, 20M A and TTL output, with 
6 selectable Baud Rates. 
VP616 Same as VP606, with numeric_pad, 
l'lug- and· cable forVP601. VP611 g.~ . 
Plug for VPsOs, VP616 £2.10 
Post, Packing and Insurance. 

NOW OR SEND FOR 

recent "SELL 
3 amp P. U. we have managed to secure a ''"''e rman·••· 
tity of ex-computer systems P.S.U.'s with the folllo~A~•ingl. 
spec.; 240 or 110v A.C. input. Outputs of 5v @ 
amps, 7.2v@ 3 amps and 6:5v@ 1 amp_. The 5v 
7 .2v outputs are fully regulated and adjustable 
variable current limiting on the 5v supply ... Unit .. is 
contained on a P.C .B. measuring only 12 x 5 x 
The 7 .2v output is ideal for feeding "on board" .. 
lators or a further 3 amp LM323 K regulator to g1ve 
effective 5v @ 7 amp supply . 

2.5kls f 4.75+pp £1.25 5lcls f 6.75+pp £1.80 
10kls f11.75+pp £2.25 20ids f19.99+pp £4.75 

Unless otherwise stated all prices inclusive of V.A.T. Cash w1th order. M1mmum 
order value £2 .00. Prices and Postage quoted for UK only. Where post and 
packing not indicated please add 60p per order. Bona F1da account orders 
minimum £10.00 . Export and trade enquiries welcome. Orders despatched 
same day where possible. Access and Barclaycard V1sa welcome. 

Supplied complete with circuit at only £10.95 + £1.75pp. 
Believed working but untested, unguaranteed. · 
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New KONTAKT Sprays 
for thf;t Electronics & 
Electrical Industries 

KALTRON 601 
A new cleaner for Magnetic Record ing Units. Kaltron 601 
has a~ extremely low surface tension thereby enabling the 
cleanmg of magnetic sound heads leaving no deposit or 
other traces. 
It is chemically pure (99 .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 NEW 

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 . 
Distrib1 . .aed by: 

Special Products Dist.ributors Ltd. 
8 1 Piccadilly, London, W1 V OH L · 

.Tel : 01 -629 9556 : Cables: Spe~iprod, Lonr'.,n , W .1 
Telex: 265200 (answerback RACE~ J 
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Digitel 
V1deo Noise Measurement System 

The Digitel 0 4060 N oise M easurement System offers an accurat e 
and economical method of measuring video signal to no ise rat io on 
b roadcast o r industrial TV syst ems. 

e Measures signal to noise ratio down to 65d8s SNR 

e Field interval SNR measurements are possible with the 
04060 option 01 ,. 

e SNR ~easurement is possible in the presence of sync pulses, some 
test s1gnals or free running 

e Visual display.on oscilloscope ensures measurement confidence 

e Full CCI R weighting filter sets are available 

DIG 
20 Trenches Road I-TEL ELECTRONICS Crowborough, Sussex 
Tel : Crowbo rough 5069 

WW - 030 FOR FURTHER DETAILS 

Sowter Transformers 
With 40 years' experience in the design and manufacture of several hundred thousand tranformers 

we can supply 

AUDIO FREQUENCY 
TRANSFORMERS OF EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES: 
Microphone transformers (all types), Microphone 
Splitter/Combiner transformers, Input and Output 
transformers, Direct Injection transformers for Gui
tars, Multi-Secondary output trcmsformers, Bridging 
transformers, Line transformers, Line transformers to 
G.P.O. Isolating Test Specification, Tapped impedance 
matching transformers, Gramophone Pickup transfor
mers, 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 Transistor and Valve Amplifiers up to 
500 watts, Inductive Loop transformers, Smoothing 
Chokes, Filter, Inductors, Amplifier 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 trans
formers up to 300 watts or more. 
We can desi·gn for RECORDING QUALITY, STUDIO 
QUALITY, HI-FI 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 despatch times are short and sensible. 
OUR CLIENTS COVER A LARGE NUMBER OF BROAD
CASTING AUTHORITIES, MIXING DESK MANUFAC
TURERS, RECORDING STUDIOS, HI-FI ENTHU
SIASTS, BAND GROUPS AND PUBLIC ADDRESS 
FIRMS. Export is a speciality and we have overseas 
clients in the COMMONWEALTH, EEC, USA, MIDDLE 
EAST, etc. Send for our questionnaire which, when 
completed, enables us to post quotations by return. 

E. A. Sowter ltd. 
Manufacturers and Designers 

E. A. SOWTER LTD. (Established 1941), Reg. No. England 303990 
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk, P.O. Box 36, Ipswich IP1 2EL, England 

Phone: 0473 52794 & 0473 219390 
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~ 
PM COMPONENTS LTD. VALVE & COMPONENTS SPECIALISTS 

(A] DEPT. A, CONINGSBY HOUSE, WROTH AM RD, MEOPHAM, KENT DA 13 OHN 
PHONE 0474 813225. TELEX 965966 WEST ST G 

SEMICONDUCTORS BC212 0.09 80140 0.30 BF194 0.11 BFX84 0.26 RCA1S335 0.80 INTEGRATED CIRCUITS TBA120SO TCA270 1.10 
BC212l 0.09 80159 0.65 BF195 0.11 6FX85 0.28 TIP29 0.40 0.70 TCA270S 1.10 

AC126 0.22 BC109B 0.10 BC213 0.09 80166 0.46 BF196 0.11 8FX86 0.30 TIP29C 0.42 LA4031P 2.70 SL490 1.96 TBA120U 1.00 TCA270SO 
AC127 0.22 8C109C 0.11 8C213l 0.09 80179 0.72 BF197 0.11 8FX88 0.25 TIP30A 0.40 LA44oo 4.15 Sl9018 4.35 T8A395 1.50 1.10 
AC128 0.28 8C114 0.11 BC214 0.09 80182 0.70 BF198 0.10 8FY50 0.21 TIP30C 0.43 MC1327P 0.95 SL9178 6.25 TBA396 0.75 TCABOO 2.15 
AC128K 0.32 8C11SA 0.12 BC214l 0.09 80201 0.83 BF199 0.14 8FY51 0.21 TIP31C 0.42 MC1330P 0.76 SL1310 1.80 TBA440N 2.55 TCA940 1.65 
AC141K 0.34 8C117 0.19 BC237 0.09 80202 0.65 BF200 0.30 8FY52 0.25 TIP328 0.40 MC1349P 1.20 SL1327 1.10 TBA4800 1.25 TOA440 2.20 
AC142K . 0.30 BC119 0.24 BC238 0.09 80203 0.78 BF241 0.15 8FY56 0.48 TIP32C 0.42 MC1350P 0.76 SL13270 1.10 TBA510 1.65 TOA 1 004A 1.85 
AC176 0.22 8C125 0.12 BC251A 0.12 80204 0.70 BF256 0.28 BFY90 o.n TIP338 0.55 MC1351P 1.00 SL1430 1.09 TBA5100 1.65 TOA1170 1.95 
AC176K 0.31 8C140 0.31 BC252A 0.15 80222 0.46 BF256/LC 0.28 8R100 0.19 TIP41C 0.45 MC1352P 1.00 Sl1431 1.37 TBA520 1.10 TDA1190 2.15 
AC187 0.26 8C141 0.25 BC258A 0.39 80223 0.48 BF257 ' 0.28 8R101 0.30 TIP42C 0.47 MC1495 3.00 SL 1432 1.37 TBA520Q 1.10 TDA1327 1.70 
AC187K 0.28 8C142 0.21 BC300 0.30 80225 0.46 BF258 0.25 BRC4443 0.85 TIP47 0.65 MC14011BCP SN76003N .1 .65 TBA530 1.10 TOA1327Q 
AC188 0.22 BC143 0.24 . BC301 0.30 80233 0.35 BF259 0.26 0.29 TIP2955 0.84 0.32 AC76013N .1.15 TBA5300 1.10 1.70 
AC188K 0.37 8C147 0.09 BC303 0.26 80234 0.35 BF271 0.26 BT106 1.00 TIP3055 0.66 MC140138CP AC76023N .1.15 T8A540 1.25 TOA13528 1.43-

A0142 0.90 8C148A 0.09 BC307 0.09 80236 0.45 BF273 0.13 8T108 1.22 TIS91 0.20 0.70 SN6023N .. 1.45 T8A5400 1.35 TOA1412 0.85 
A0143 0.82 8C1488 0.09 BC327 0.10 80237 0.30 BF33S 0.34 8T11S 1.20 2N2219 0.28 MC140498CP SN7S033N .1.65 T8A5500 1.45 TDA2020 2.45 
A0149 0.70 8C149 0.09 8C337 0.10 80238 0.33 BF337 0.29 8U105 1.22 2N2905 0.40 0.43 AC76033N .1.65 TBA5500/E TOA2030 2.80 
A01S1 0.39 8C157 0.10 8C338 0.09 80410 0.55 BF338 0.32 8U108 1.69 2N3054 0.59 ML2318 1.75 SN76110N .0.89 1.45 TOA2522 1.95 
A0162 0.39 8C158 0.09 8C461 0.30 80434 0.55 8F355 0.37 8U124 1.00 2N3055 0.59 ML2328 1.75 SN76131N .1.30 T8A560C 1.45 TOA2523 1.95 
A0161/2 1.04. 8C159 0.09 8C478 0.20 80437 0.50 8F362 0.38 8U126 1.22 2N3702 0.12 ML23S 5.35 SN76226NO TBA560CO TOA2530 1.54 
AF124 0.34 8C160 0.28 BC547 0.10 80438 0.60 8F363 0.31 BU204 1.55 2N3703 0.12 Ml237 1.95 1.55 1.45 TOA2532 2.40 
AF125 0.32 BC161 0.28 BC548 0.10 80517 0.60 BF371 0.20 BU205 1.30 2N3704 0.12 ML238 4.20 SN76227N .1.05 TBA570 1.00 TOA2540 2.15 

AF126 0.32 BC170B 0.10 BC549A 0.08 80520 0.65 BF394 0.19 8U208 1.39 2N3705 0.12 ML239 2.10 SN76532N .1 .40 TBA720AO TOA2S41 2.15 
AF127 0.32 BC171 0.08 BC550 0.07 BOX32 1.50 BF457 0.23 BU20BA 1.52 2N3706 0.12 ML920 4.12 SN7S533N .1.30 2.45 . TOA2560 2.15 
AF139 0.42 BC171A 0.10 8C5508 0.07 BF115 0.35 BF458 0.23 8U208/02 1.89 2N3708 0.12 ML922 3.29 SN76544N .1.30 TBA750 1.85 TOA2581 1.25 

AF150 0.42 BC171B 0.10 BC557 0.07 BF127 0.24 BF459 0.36 BU326A 1.42 2N5294 0.38 ML926 1.65 SN76650N .1 .05 TBA750Q 1.85 TDA2590 2.95 
AF239 0.42 BC172 0.09 BC557B 0.07 BF158 0.18 BF595 0.23 BU407 1.24 2N5296 0.48 Ml928 1.65 SN766SON .0.60 TBABOO 0.89 TOA2591 2.95 

AU106 2.06 BC1728 0.10 BC558 0.07 BF160 0.27 BF597 0.25 8U500 1.75 2N5298 0.52 SAA1025 7.20 SN76666N .0.70 TBA810S 1.35 TOA2593 2.95 
AU107 1.75 BC172C 0.10 80115 0.30 8F167 0.24 BF639 0.28 MRF477 10.00 2N5496 0.66 SAA1124 5.00 SW153 2.74 TBA810AS TOA2600 2.95 
AU110 2.00 BC1738 o:1o 80116 0.52 8F173 0.22 BFR39 0.23 MJ3000 1.98 2N6107 0.68 SAS560S 1.60 TA7205AP .1.95 1.35 TOA2611A 1.95 

AU113 1.48 BC174 0.09 B0124P 0.56 BF177 0.38 BFR40 0.28 MJE340 0.40 2SC1172Y 2.20 SAS570S 1.60 TAA550 0.25 TBA820 1.45 TOA2640 2.50 

8C107 0.10 BC174A 0.09 80131 0.32 8F178 0.26 BFR41 0.28 MJE520 0.48 2SC130S 1.25 SAS580S 2.85 TAA570 1.80 TBA920 1.65 TOA2690 1.35 

BC107A 0.10 BC182 0.09 80132 0.35 BF179 0.34 BFR79 0.28 R200BB 1.70 2SC1307 1.85 SAS590S 2.85 TAAS618 1.20 TBA9200 1.65 TOA3950 2.50 
BC107B 0.10 BC182LB 0.10 80133 0.40 BF180 0.29 8FRBO 0.28 R2010B 1.70 Sl480 1.40 TAA700 1.70 TBA950-2X UPC566H 2.95 
8C108 0.10 BC183 0.12 80135 0.30 BF181 0.29 BFR81 0.28 R2322 0.58 T8A120B 0.70 2.35 
8C108A 0.10 BC183l 0.09 80136 0.30 BF182 0.29 BFT42 0.28 R2323 0.66 T8A120S 0.70 TBA990 1.49 I THERMISTOR 
BC108B 0.10 BC184L8 0.09 80137 0.28 BF183 0.29 BFT43 0.27 R2540 2.48 *NEW TO THE RANGE* TBA9900 1.49 T8A120AS 0.70 r VA1104 0.52 
8C108C 0.10 BC204 0.10 80138 0.30 BF184 0.28 8FW92 0.85 R25404 2.80 TBA120SB 0.70 UPC57C2 2.95 VA8650 0.45 
BC109 0.10 BC2088 0.13 80139 0.32 8F185 0.28 BFX29 ()(30 RCA 16334 0.90 2SA715 0.95 MB3712 2.50 UPC1025 2.50 

tM81 0.70 DC3 1.05 OOV06-40A 
2SC495 0.80 MRF450A 11.50 

6805 0.60 20P4 1.05 
NEW BRANDED VALVES 2SC1096 0.80 TA7 130 1.50 6SA7GT 1.00 

EM84 0.70 003 1.15 13.95 2SC2029 1.60 TA7204 2.15 6806GA 2.00 SSH7 1.50 20P5 1.15 

A1714 14.00 E81CC 3.90 ECH83 . 0.78 EM85 0.85 OM4 1.00 OOZ06-40A AN2140 2.50 TA7222 1.80 6807A 0.72 SSK1 0.80 30 2.85 

A1998 11.50 E82CC 1.50 ECH84 0.93 EM87 1.10 OM 58 3.60 45.25 AN240 2.80 TA7310 1.80 6Bl8 0.65 6Sl7GT 0.72 30C15 0.40 

A2087 11.50 E83CC 1.50 ECLBO 0.66 EMM803 2.50 OM6 2.00 OS150/45 7.00 LA4031P 2.70 UPC1156H 1.15 68R7 3.75 6SN7GT 0.69 30C17 0.40 

A2134 9.00 E83F 2.50 ECL82 0.58 EN32 14.00 PABC80 0.50 OS1200 3.15 68R8A 1.20 6SS7 1.50 30F5 0.95 

A2293 7.20 E86C 6.00 ECL83 1.13 EN91 0.95 PCBS 0.80 051209 1.50 
3.00 

68S7 3.30 6U56 1.60 30Fl1 0.95 

A2521 15.00 E88C 4.00 ECL84 0.74 EN92 4.00 PC88 0.80 051212 320 UCH21 1.20 2A3 S8S8 1.88 SUB 0.60 30FL2 0.95 

A2900 10.90 EBSCC 2.60 ECL85 0.74 E$1500 115.00 PC92 0.85 OV03-12 3.50 UCH41 1.20 2AS15A 11.00 SBU6 2.00 6V6GT 0.90 30FL 12 1.10 

ACP 3.00 E130L 13.00 ECL86 0.74 EY51 0.80 PC97 0.95 OV05-25 1.75 UCH42 1.20 2C39A 19.00 S8U8 1.15 6W4GT 1.00 30Fl14 1.85 

AC/HL/00 E180F 5.25 EF22 2.50 EY83 1.50 PC900 0.85 OY3-1 25 30.50 UCH81 0.65 2C51 0.80 6BW4 1.30 6X4 0.60 30PL 13 0.80 

3.00 E182CC 4.50 EF37A 3.60 EY84 8.00 PCC84 0.45 OY4-250 52.15 UCL82 0.76 287 1.50 S8W6 4.50 6X5GT 0.60 30Pl14 2.25 

AC/PEN 3.50 E280F 19.50 EF39 2.00 EY86/87 0.50 PCC85 0.54 OY4-400 60.85 UF41 1.15 2021 0.95 6BW7 0.75 787 1.40 35A5 1.20 

AC/SP3 4.50 E283CC 8.25 EF40 1.20 EY88 0.60 PCC88 0.80 OY5-500 99.00 UF42 1.15 2021W 2.00 SBWB 4.00 70S 1.40 35W4 0.70 

ACVP1 3.50 E810F 8.25 EF41 1.25 EY500A 1.50 PCC89 0.80 R1 1.50 UFBO 0.80 2K25 10.00 SBX7GT 2.00 7H7 1.50 35Z3 1.85 

ACVP2 1.50 EA50 1.00 EF42 1.95 EZ41 1.20 PCC189 0.80 R2 1.50 UF86 1.10 3A/147J 7.50 68Z6 2.00 7S7 2.00 40KOS 2.80 

ARB 0.70 EAA91 0.60 EF50 1.50 EZSO 0.56 PCC806 0.80 R3 1.50 UF89 1.10 3A/167M 10.00 68Z8 0.95 7Y4 1.00 41 0.80 

ARP12 0.70 EABC60 0.56 EF55 2.25 EZ81 0.56 PCE82 0.80 R10 4.00 UL41 1.85 3A2 3.00 6C4 0.45 808 2.75 431U 1.25 

AAP34 2.00 EAC91 0.90 EF71 1.50 EZ90 0.96 PCFBO 0.70 R12 0.80· UL84 0.78 3A3A 3.00 6C6 0.50 8F07 0.75 50C5 0.95 

AAP35 1.50 EAF42 1.40 EFBO 0.48 G1/371K 30.00 PCF82 0.60 R16 12.00 UU5 1.50 3A4 0.60 SC8G 1.25 98W6 1.20 50CD6G 1.15 

ARP37 1.00 EB41 2.30 EF83 3.50 G55/1K 8.00 PCF84 0.65 R17 2.00 UU6 3.50 3AW2 3.35 6C11 2.50 10C1 5.50 52KU 0.85 

AU3 1.50 E891 0.52 EF85 0.48 G120/1B 8.00 PCF86 1.20 R18 8.00 UU7 3.75 3628 5.00 SC15 2.50 10C2 0.70 57 0.85 

836 1.85 E6C33 1.00 EF86 0.70 G150/20 4.00 PCF87 0.40 R19 1.20 uu8 3.75 306 0.50 6C16 2.50 1002 1.25 75C1 1.20 

8729 1.20 EBC41 0.85 EF89 0.75 G180/2M 7.00 PCF200 1.35 R20 1.20 UY1N 0.90 3W4GT 2.50 6C31 1.50 10F1 0.75 80 1.40 

8T5B 33.00 EBC81 0.85 EF91 1.22 GC108 9.00 PCF201 1.35 RG1-125 3.50 UY85 0.70 4-125A 35.00 SCB5 1.50 10F9 0.75 84 0.85 

BT17A 95.00 E8C89 0.85 EF92 5.00 GC100 9.00 PCF600 0.40 RG1-240A UY224 2.50 4-250A 38.00 6CB6 1.50 10F18 0.60 85A1 5.40 

CBL31 2.00 EBC90 0.75 EF93 0.65 GC104B 9.00 PCF801 0.92 11 .75 V914 2.00 4-400A 40.00 6C06GA 4.00 10GK6 1.95 85A2 1.20 

C1K 14.00 EBC91 0.75 EF94 0.55 GN4 4.00 PCF802 0.72 RG3-250A VLSS31 13.00 4CX250B 26.60 6CF6 1.50 10P14 2.50 89 1.20 

C3JA 10.00 EBF80 0.55 EF95 0.78 GN10 ·15.00 PCF805 1.80 11 .75 VP41 1.50 4CX350A 39.00 6CG8A 1.00 11E2 15.50 90C1 1.69 

03A 30.00 EBF89 0.70 EF96 0.65 GN24 1.50 PCF806 0.60 RG4-1000 VP133 2.00 5A-170K 5.25 6CH6 7.00 12A4 2.50 90CG 10.85 

OAC32 1.20 EC52 _0.70 EF97 0.95 GR07 9.00 PCF808 1.48 10.00 VR75/30 3.00 5A/206K 9.00 SCLS 1.50 12AC6 0.80 92AG 9.00 

OAF91 0.45 EC86 1.00 EF183 0.56 GS10C 12.00 PCH200 1.10 RK·20A 12.00 VR101 1.50 58-254M 14.50 6CZ5 2.00 12AD6 0.80 92AV 9.00 

OAF96 0.65 EC68 1.00 EF184 0.56 GT1C 13.50 PCL81 0.60 RPL16 12.00 VR102 1.50 58-255M 14.50 60C6 2.00 12AE6 0.8$ 15082 1.50 

OC90 1.20 EC90 0.45 EF731 1.80 GU50 11.50 PCL82 0.74 RR3-1 250 VR105/30 1.05 506 4.00 6DW4 1.20 12AG8 1.5, 15083 3.90 

OCX4/1000 EC91 3.00 EH90 0.65 GXU1 13.50 PCL83 2.00 65.00 VR150/30 1.15 5021 15.50 6EAB 0.80 12AH7GT 0.85 150C4 1.50 

5.00 EC92 0.80 EK90 0.65 GXU50 12.50 PCL84 0.76 RV120/350 VT25 5.00 5022 38.00 6F1 2.00 12AH8 5.50 155UG 25.00 

00620 1.20 EC93 0.80 EL32 0.95 GY501 1.20 PCL85 0.80 1.50 VT120 1.15 5R4G8 2.00 6F6G 2.00 12AT6 0.59 1858T 1.50 

OET10 6.00 ECC33 4.00 EL33 2.50 GZ30 0.85 PCL86 0.76 S11A 1.50 VT138 4.25 5U4G 0.65 6F8G 1.50 12AT7 0.55 257A 6.00 

OF33 1.20 ECC40 2.30 EL34 1.54 GZ32 0.85 PCL200 1.60 S130 2.50 VU39 1.50 5U4GB 1.50 SF12 1.30 12AT7WA 1.50 408A 4.00 

OF91 0.45 ECC81 0.55 EL34 Mullard GZ33 3.25 PCL605 0.80 S130P 3.00 '\tX6120 5.00 5V4G 0.85' SF14 1.00 12AU6 0.60 708A 5.00 

OF92 0.60 ECC82 0.55 2.45 GZ34 2.00 P0500 2.95 SP41 4.00 VX9133 5.00 5Z4G 0.85 6F22 0.70 12AU7 0.55 715A 6.00 

OF96 0.65 ECC83 0.60 EL36 1.60 GZ37 4.00 PEN400 1.50 SP42 2.50 W25 0.65 S/30L2 0.70 6F23 0.48 12AV6 0.80 715C 15.50 

OF97 1.50 ECC84 0.60 EL37 9.00 HL41 1.50 PEN25 1.50 STV280/40 WS1 1.50 6A/203K 9.00 6F24 1.25 12AX7 0.55 717A 1.50 

OH63 2.20 ECC85 0.60 EL3B 4.50 Hl4200 2.00 PEN45 1.80 8.00 WS3 0.70 SA6 1.50 6F25 1.25 12AX7WA 1.50 BOlA 2.00 

OH77 0.90 ECC88 0.65 EL41 1.50 Hl92 1.50 PEN46 1.50 STV280/80 W77 5.00 SA8G 1.50 6F2S 0.48 12AY7 4.00 ,803 16.00 

OK91 0.90 ECC91 . 0.65 EL81 2.05 HL 133/00 1.50 PENA4 2.50 23.00 W107 0.70 SAB7 0.60 6H8 1.25 12AZ.7A 1.50 ' 807 1.09 

DK92 1.20 ECC189 0.78 El82 0.58 HP6 1.50 PFL200 1.13 T41 2.00 W142 1.15 6A88 0.66 6F33 8.50 12B4A 1.60 808 3.00 

OK96 1.00 ECC803S ·1 .50 EL84 0.60 HY90 1.00 PL33 0.75 TP25 1.50 W147 2.00 6AC7 1.00 SFGS 1.50 128A6 0.75 611A 9.00 

OL92 0.60 ECC804 0.40 EL85 3.85 KT61 3.50 PL36 1.05 TI11 1.50 W727 0.65 6AF4A 1.20 SFH5 1.50 12BE6 1.05 813 11.30 

Ol94 1.20 ECC807 1.30 EL86 0.80 KT66 USA 4.95 PL81A 0.74 TI21 14.50 W729 1.00 6AG7 1.20 SFN5 1.50 12BH7 0.95 833A 47.85 

Ol96 1.00 ECC808 2.00 EL90 0.82 KT66 UK 9.00 PL82 0.60 TY2-125A X24 1.00 6AH6 1.00 6Fl2 1.50 12BLS 0.70 845 8.00 

OLS10 9.00 ECFBO 0.65 EL91 6.00 Kn7 5.00 PL83 0.52 45.00 X65 0.85 6AJ7 1.00 6GH8A 0.60 12C8GT 0.70 866A 3.00 

OLS16 10.00 ECF82 0.60 EL95 0.70 KT88 USA 6.00 PL84 0.65 TY 4-350 90.00 X6S 0.85 6AK6 2.00 6GK5 1.00 12E1 16.50 866 5.00 

OM70 1.10 ECF86 1.50 EL360 9.00 KT88 UK 11.50 PL500 1.12 TY4-500A X719 0.58 6AL5 0.52 6GK6 1.00 12GN7 3.25 885 2.00 

DM160 1.50 ECF802 1.20 EL504 1.40 KTW61 1.50 PL504 1.20 41 .50 XG5-500 19.50 SAM4 2.50 6H2N 0.70 12HG7A 3.25 954 0.50 

OYBO 1.20 ECF804 6.00 EL509 2.60 l63 1.00 PL508 1.48 U10 1.50 XR1-1600A 6AM5 . 6.00 6H3N 0.70 12J5GT 0.48 955 0.60 

OY86/87 0.55 ECF812 1.20 El821 7.00 M8079 6.00 PL509 2.30 U15 1.50 29.00 SAM6 1.30 6H6 1.00 12J7GT 0.70 958A 0.90 

OY802 0.60 ECH3 2.50 El 822 8.25 M8083 3.25 Pl519 2.60 U17 1.50 XR1-6400A SANS 2.00 6HF5 4.50 12K5 1.00 1299A 0.60 

E55L 14.00 ECH35 1.50 EM1 4.00 M8100 2.85 Pl802 2.50 U18-20 2.00 128.00 6AN8A 2.50 6HG8 1.50 12K7GT ~:~ 
2050A 3.90 

EBOCC 4.75 ECH42 1.00 EM4 4.00 M8137 2.85 Pl820 3.00 U19 11.95 YL 1020 29.00 6A05 0.82 6HZ6 1.00 1207GT 4212E 230.00 

E80F 6.25 ECH81 0.58 EMBO 0.70 M8162 3.85 PT4 4.00 U22 1.00 YL 1060 15.00 6AS5 1.50 6J5GT 0.75 12SA7GT 1.00 5557 19.50 
M8196 3.25 PT15 4.50 U25 0.68 Z63 '1.00 6AS6 3.50 6J6 0.55 12SJ7 0.60 5636 3.00 

ZENER DIODES BASES M8225 1.20 PY31 0.60 U26 0.90 Z77 1.20 6AS7G 4.50 6J7 0.70 12SL7 1.50 5642 . 5.00 
ME1400 4.00 PY32 0.60 U37 12.00 Z303C 9.00 6ATS 0.80 6J7GT 1.00 12SN7GT 1.85 5651 1.75 
ME1402 4.50 PY33 0.60 U41 0.70 Z502C 12.00 SAV5GTA 1.50 SJES 2.10 12SR7 0.70 5670 3.50 

B7G 0.15 ME1403 10.00 PY81 0.65 U191 0.70 Z504S 13.50 6AU6 0.55 6JS6C 2.55 12U7 1.50 5S87 8.15 

B7G ME1501 14.00 PY82 0.55 U193 0.65 Z700U 1.00 6AV6 0.72 6K4N 1.00 12Y4 0.60 5696 2.55 

BZX61 0.15 Skirted 0.30 MH4 2.10 PY83 0.70 U281 1.00 Z749 0.48 6AW8A 2.50 6K7 0.70 1303 3.20 5718 3.50 
SSG 0.70 MH41 2.10 PY88 0.74 U282 1.00 Z759 9.00 6AZ.8 1.80 6KD6 3.95 1307 3.20 5725 3.50 

6V2 7V5 8V2 9V1 10V 11V 12V 13V B9A 0.15 MS4B 5.00 PY500A 1.35 U291 0.60 Z803U 12.50 6810 2.50 6L 1 2.50 1308 3.20 5726 1.50 

15V 16V 18V 20V 22V 24V 27V 30V B9A MU12 1.50 PYSO,O 0.65 U301 0.60 ZC1040 8.00 S8A6 0.50 6L6GC 1.75 1457 1.00 5727 2.00 

33V 36V 39V 47V Skirted 0.30 MU14 1.50 PY801 0.65 U309 0.60 ZM1001 5.00 6BA7 3.75 6l6GT 1.1 0 1502 1.00 5749 2.00 
8108 0.16 N18 ~ :~~ PZ30 0.60 U601 0.80 ZM1020 4.00 68A8A 3.50 6L7 0.55 17JZ8 1.60 5751 1.50 
8138 0.50 N78 083-300 30.50 UA8C80 0.65 1AC6 1.20 6BE6 0.50 6L15 1.50 1803 1.60 5763 3.20 

BZV880.07 8 Pin OIL 0.20 NR14 9.00 OE03-10 3.20 UAF42 1.00 1B3GT 1.00 6806 1.00 6l17 1.50 19A05 0.70 5614A 2.75 
14Pin01L 0.22 NA73 3.50 OP25 1.00 UBC81 1.00 185 2.50 68H6 1.60 6l18 0.60 20A2 4.00 5842 6.50 

2V7· 3V 3V3 3V6 3V9 4V3 4V7 5V1 14 Pin OIL/0 NU3 1.50 OOE06·40 U8F80 0.60 105 1.00 6BJ6 1.05 6L03 0.85 2001 0.70 6080 4.20 

5V6 6V2 6VB 7V5 BV2 9V1 1 OV 11V 0.30 NU17 1.50 13.95 UBF89 0.60 15G 1.00 66K4 2.75 6LD20 0.80 2004 1.75 6080WA 6.00 

12V 13V 15V 18V 24V 27V 16PinDIL 0.30 NU1a 1.50 OOV02-S 10.50 UBL21 1.20 1L6 1.50 6BN4 1.25 6P1 0.60 20F2 0.75 6146 4.20 
VALVE OA2 0.60 OOV03-10 2.50 UC92 0.80 1LA6 1.00 68N6 1.30 6P15 0.60 20L 1 0.95 6146A 4.45 
SCREENING OA3 3.00 QOV03-20A UCCB4 0.70 1U5 1.00 6BN7 3.50 6P25 2.50 20P1 0.55 61468 4.45 
CANS 0.27 082 0.65 12.25 UCC85 0.60 1X2B 1.15 6BN8 0.85 6P28 2.00 20P3 0.60 736d 7.50 

DIODES BY176 0.86 OA95 0.06 IN5406 0.13 WI REWOUND LINE OUTPUT Many other items ava ilable 
BY179 0.63 OA202 0.11 IN5407 0.16 

RESISTORS AA119 0.08 8Y199 0.28 IN914 0.03 IN5408 0.16 TRANSFORMERS Please phone or send list for quote 
8A102 0.17 BY206 0.14 IN4001 0.04 ITT44 0.04 
BA115 0.13 BY208.800 0.33 IN4002 0.04 ITT2002 0.11 4Watt PREFERRED VALUES 

CALLERS WELCOME 8A145 0.17 8Y210.800 0.33 IN4003 0.04 4R7-1 K8 0.13 1fT eve 25/30/32 7.80 
BA148 0.17 BY223 0.90 IN4004 0.05 * 

2K2-6K8 0.16 PHILIPS GB 9.00 
BA154 0.06 IN4005 0.05 10K 0.22 PHILIPS G9 7.35 
BA155 0.13 

BY298.400 O.Z2 
0.05 ALL 7Watt PHILIPSG11 12.50 * Entrance on * Hours BY299-800 0.2:2 IN400S 

BA156 0.15 IN4007 0.06 ORDERS R47-4K7 0.14 PYE 691/693 13.50 
BAX13 0.04 8YX10 0.20 

IN4148 0.02 5K6-12K 0.15 PYE 731 10.15 Wrotham Ad. (A227) Mon.-Fri. 9.30-5.30 
8AX16 0.06 BYX55/600 

IN4448 0.10 DESPATCHED 15K·22K 0.18 RANKT20A 10.80 Saturday 9.30-12.00 
881059 0.30 0.30 

IN5401 0.12 SAME DAY 11Watt THORN 8000 9.00 Near Meopham Stn. 
8YX71/600 88105G 0.30 0.60 IN5402 0.14 WHENEVER 1R·10K 0.18 THORN 8500 10.00 

P. & P. 50p. Please add V.A.T. at 15% BY126 0.10 OA47 0.09 IN5403 0.12 POSSIBLE 
15K 0.21 THORN 9000 8.00 

8Y127 0.11 OA90 0.05 IN5404 0.12 17Watt MAINS TRANSFORMEAS 
8Y133 0.15 0.13 * 1R-10K 0.24 THORN 3000/3500 10.00 * 24-HOUR ANSAPHONI: SERVICE * BY164 0.45 OA91 O.Oj; IN5405 

15K·22K 0.25 
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mlml-------... L.E.D.s .125 and .2 
1N4148 Diodes 1+ 100+ 1000+ 

l+ 
.02 

100+ 
.016 

1000+ 
. 013 

RED 
Y.orG . 

.08 .069 .058 

.11 .10 .09 

CARBON FILM 
RESISTORS 
E12 SERIES 

Prices per 100. Larger and 
Mixed. Ouan~ity prices available. 

Spin 
14 pin 
16 pin 
18pin 
20pin 
22 pin 
24pin 
28 pin 
40 pin 

• 1 00 off one type 
500 off one type 

1000 off one type 

LOW PROFILE I.C. SOCKETS 
TEXAS SCAN BE 

1+ 100+ 500+ 1+ 100+ 
.075 .068 .06 .059 .049 
.09 .082 .073 .082 .07 
.10 .096 .085 .091 .078 
.125 .113 .10 .104 .089 
.14 .126 .113 .12 .10 
.15 .135 .12 .143 .122 
.15 .135 .12 .146 .132 
.16 .145 .125 .155 .14 
.24 .215 .19 .23 .195 

Please add £1.50 handling charge and 15% V.A.T. 

.25W.5W 
.70 .90 
. 62 .78 
.54 .68 

1000+ 
.044 
.064 
.07 
.081 
.092 
.111 
.116 
. 12 
~ 176 

We also stock Microprocessors, CMOS, TTL, Transistors, Capacitors, Potentio
[Tlet~rs, Connectors, etc. Free catalogue available to trade customers only. En
qurrreswelcome. 

Harrison Bros. 
Electronic Distributors 

22 Milton Road, Westcliff-on-Sea 
Essex SSO 7JX, England 

Tel: Southend-on-Sea (0702) 32338 

WW- 035FORFURTHERDETAILS 

~IIITIIHTIIUIIIIIUIIIIUUIIIDIIIIIHIIDIIH ·- . 
: TELEPRINTER TYPE 78: Pageprinter 24v. d.c. power supply. Speed SO bauds per 

a 
min. S/hand, good cond. (no parts bro~en), £~8.75. OR G.P.O . . MODEL, as above except 
motor, 110/230v. a.c . , £34.50. Carnage either type £9.50. Send S.A.E. for list of 

. Teleprinter spares available. = TS.147 RADAR TEST SET Combination Sig. generator and frequency meter and e 
• power meter. Provides C.W. and F.M. signals, IISv. a. c., £225. Carr. £7. 
: HEWLETT PACKARD Signal Generator HP608B. Freq. I0-400MHz C.W. and A.M. 
• Output I microvolt to 8v,SO. Mod. 400-JOOOHz. 230v. a.c., £225. Carr. £10. • 

a TRANSISTORISED 3cm. RADAR AMPLIFIER SWITCH: with 24v. waveguide §• 
switch, 9 X 4cm ins. with crystal CV.2355 and spark gap VX 1046,£17.95 + £J post. 
INSULATION TEST SET 0 to IOKV, negative earth, with Ionisation Amplifier, = 100/230 volts a.c., £48.87 +carr. . • 

:: BC-221 FREQUENCY METER: l25-20,000kc/s, complete with original calibration = 
,. charts, £24.15 +carr. = = ROTARY INVERTER TYPE: PE218E: Input 24-28v DC, 80 amps, 4,800r.p.m. Output = 
• 11v AC, 13 amp 400c/s. !Ph.P.F.9. £23+carr. IIIII 

: RESONATOR PERFORMANCE CTC 424 8.5 to 9.0 kmc/s 3 em, £80.50 +post £2. = = INVERTER 24v. DC input 400 cycles lpH 6600 r.p.m. 200v, peak, £8.05 + £2 post. • 
• OXYGEN BOTTLE 1800lb, w.p. £11.50 x carr. = 
• NOISE SOURCE UNIT with CV.1881 no;se source mount. Produces thermal poise • 
• 15.5dB 200/250v. AC. £80.50. ~ 
• SIEMENS POWER METER REL3UI84/Aib: 0-12kmHz Jmw SOOmw 6 ranges. 0.17dh 
: SO ohms, £92 + carr. 
i1oo CV.1596 CATHODE RAY TUBE: (09D, 09G), 4m. screen, green electrostatic base 
: Bl2B. HTI200 volts, heater 4 volts, £11.50. 
• VACUUM AND PRESSURE DEAL TEST EQUIPMENT: complete with 2 x 4m = 
: gauges indicating 0.20lb. p.s.i. 0.30lb. vacuum. With stand, hand pump, etc , £34.50 +carr.= 
: TX-~ RADAR UN~T, 3cm, complete with magnetron, pulse transformers, crystals, • 
- wavegmdes, blower umt, etc. £126.50 +carr. a· . 

: MARCONI RF POWER METER, 1020AII dualrange SO or IOOW £69 +carr. 
• HEWLETT PACKARD POWER METER Type 431C, £75.50 +carr. $ 
: TWENTY MILLION MEGOMETER,£95 +carr. 
• GAUSS METER TypeGl, 3 ranges, 5,000/10,000125,000.£85 +carr. 
• SPERRY TRANSISTORISED SERVO-AMPLIFIERS TYPE C1 with circuit diagram, = 
: £11.50 + £1.50 post. . • 
~ X-YPLOTTER,£74.75+£7carriage . ~~~~~ 
,... C.C.T.V. EHTUNIT, SOKv. £75 + £10 carr. = C.C.T.V. CABLE, 22-Way, 500 metres, £650 +carriage. 

= BARGAIN MAPS • C Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. • 

- ~~ill~ = 
• ·oNC-E!- U.K. infull and part N.W. Europe. Scale 1:1,000,000. = 
: .JNC-9N- N. Europe, U.K., Scandinavia. Scale 1:2,000,000. • 

: ~~Z~1~,:-xE~E~.P~)~;r~\~~~~ayn~~~~~;c~/:a~;~~0n°d0~~ : E . for list. : 
., Price each 75p (inc. P&P) • 
IC 25 x Maps (either same type OR assorted), £10 + £!.60 P&P. == C: 10 X Maps (either same type OR assorted), £6.50 (in. P&P). 

E = .• . All prices include VAT at 15% 
1111 • carriage quotes given are for 50-mile radius of Herts. • 

= : e w. M I L L s I The Maltings, Station Road E 
• SAWBRIDGEWORTH, Herts. • 
: .· Tel: Bishop's Stortford (0279) 725872 s 

, elt1JD1 011111111111 11 LIIUIU IIIII U IIIIIIIIJU IIIII UIUID"J'; 

Ideal for the experimenter 

• THIS DOSIMETER WILL AUTOMATICALLY 
DETECT GAMMA AND X-RAYS 

• UNIT IS SIZE OF FOUNTAIN PEN & CLIPS 
ONTO TOP POCKET 

• PRECISION INSTRUMENT 
• MANUFACTURERS CURRENT PRICE OF A 

SIMILAR MODEL OVER £25 EACH 

British design & manufacture 

Tested and fully guaranteed. Ex-stock delivery. 

WIRELESS WORLD JULY 1981 

Protection: 

All madell inlerDII laldback. averlaad. thermal and ahart circuit 
protected. 
Fully fused . 

t5-230-250 
50 cycleaa/c 

15% 

PRICES 

115-230-250 
50 cyclesa/c 

15'tf 

24 DC 

15% 

1 oft- AD 12-AD24 
I off -AD2412 

.. £68.50 

. . £54.00 I aH-ADV030 . . . . . . . . • . . . . . . . . . . . . . £118.00 

.) 

All to VAT@ 15~. 

SOUTHERN ELECTRONICS 
6 WESTCLIFF ARCADE, RAMSGATE, KENT 

TEL. THANET 

WW - 060 FOR FURTHER DETAILS 

or qua ton, un-
failing efficiency and sheer good 

value this -
200M Hz, 7 digit 

D.F.M. 
is unequalled for direct readings 
up the mobile radio VHF Band. 
Will operate on mains or 1 2v 
supply, making it ideal for use 
with mobile equipment. 

DFMS £ 119 55
, Manufactured and guaranteed by 

· Catrontcs Ltd. 
+ £5 carr+ 1 5% VAT Write fo_r illustrated leaflet 

HIGH STABILITY OVENED VERSION with better than 1 in 107 rt\ference 
oscillator DFM 5/S also available at £154.35 + E5carr. + 15% VAT 

Our popular 500 MHz Counter still available at only £142.50 + £5 carr.+ 15% VAT 

fn addition to our famous 2"ffOMHz and 5DONIHz 
_ c_ounters we have also produced a 

200MHz COUNTER KIT 
SPEC/ALLY FOR HOME CONSTRUCTORS 

Our new KF200 counter, although small is a no-compromise design. 
ltoHen: 
..- A full 8-digit LED display 
* A frequency range of 1OHz to 200M Hz 
* An accur~cy of 10Hz at 30MHz, 50Hz at 150MH~ in normal 

home envtronments 
* 5/6-volt operati~n from batteries or mains PSU (not supplied) * Power consumption of only 1 W maximum 
* Small size 4" X 2" X 1" * Uses only 4 i.c.s. 
* Assembled in about 2 hours * Full illustrated instructions 
The _KF200 i~ supplied as 1_ PCB assembly, which may be split, if 
req';l1~ed, to g1ve a separate d1splay unit. (Suitable for direct driving an 

-8 dtgtt common cathode display.) The unit is available in kit or 
assembled/tested module form. Prices (INCLUDING V.A.T,) : 

Counter Kit £72 Module £85 
(Add 75o for Post and Packing) 

~~~~~-iiilwiiel~co e. Please 
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WIRELESS WORLD JULY 1981 

ALWAYS 
A CHANGING RANGE OF OSCILLO
SCOPES, COMPUTERS, TERMINALS 
ETC. 

Item No. 
1 TEKTRONIX STORAGE OSCILLOSCOPE Type 434. Current Model. As 

new.12monthswarranty(Nowarranty£1,400) £1,850 
2 TEKTRONIX STORAGE OSCILLOSCOPE type 564 with 3A6 & 384 £350 
3 HAMEG OSCILLOSCOPEtype412. Dual Trace20 MHZ £250 
4 TELEQUIPMENT OSCILLOSCOPE type D61A. Dual Trace 1 OMHZ £200 
5 SCOPEX OSCILLOSCOPE type 4D1 0. Dual Trace 10M HZ £170 
6 HEWlETT PACKARD OSCILLOSCOPE type 1206. (X-Y) £120 
7 MARCONIWAVEANALYSERTF2330. Good condition £150 · 
8 AVOUNIVERSALBRIDGEB150with adaptorA151 £80 
9 ADVANCE SIGNAL GENERATOR type E2 1 OOKHZ-1 OOMHZ £40 

10 Bl!t KAUTOVIBRATOR EXCITER CONTROL type 1018 £50 

g ~~~~g~ ~~~~ ~o~~'jiA~~k~i~~6~ 101.2 ~~ 
13 ADVANCEV.H.F. MillivoltmetertypeVM79 - No probes £35 

~~ ~~~c:F'1r9 ~~:nNK'~~~'!~t~;;'!:,~Mea;~er Gen ·KG687. The Pair ~ 
~~ :~~t:.f~~~~~MSJ~n;:.~~enerator HIE 15HZ to 50KHZ ~~ 
1 B LYONS PULSE GENERA TOR type PG-2E £45 
19 COSSORSINEISQUAREWAVEGENERATOR20HZ-1MHZ £40 
20 AVO UNIVERSAL BRIDGE Type 1 £75 
21 P.S.I. RMS VOLTMETER type A1301 £90 
22 LABGEAR 625 COLOUR MATCH GENERA TOR CM 6004-PG £30 

~~ ~f~t~.fi~~.:~/~,l~~EWe~¥&iitype 62A Mk II £~~~ 
~~ =~g~~ ~J~~:~:s~~CAt0~~;~3T]!,~~O 10HZ-10MHZ ~g 
27 SOLARTRON TRUE RMS VOLTMETER type VM 1484 £75 
28 RANK V.H.F. SIGNALSTRENGll-IINDICATOR £25 
29 RACALCOUNTER ELECTRONIC FREQUENCY 32MHZ type 836 £75 
30 WAYNEKERRCAPACITANCEBRIDGEtype B541C £40 
31 WAYNE KERR COMPONENT BRIDGE type 6121 £45 
32 HEWLETT PACKARD DC CURRENT SOURCE type 6181B 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 SCHLUMBERGERISOLARTRON AUTOMATIC COUNTER type FB2602 

£150 
38 BRANDENBURG PHOTOMULTIPLIER POWER UNIT 0-2500Volts £90 
39 SCHLUMBERGER!SOLARTRON COMPUTING VOLTMETER type JM1776 

40 HEWLETT PACKARD AC.CONVERTOR type 3461 A 
41 MUIRHEADWAVEANALYSERK-134-A30-310HZ 
42 PHILIPS COMPARATOR 278KHZ 
43 HEATHKIT CAPACITOR CHECKER IT-28 

:; ~~:trn ~:g~~g ~~~e~~gi ~~~EE~!f8~ ~~~~729A 
46 RACAL AUTO FREQUENCY CONVERTOR type 803R 500MHZ 
47 AIRMEC ELECTRONIC VOL TM.ETER type 314A 

£90 
£90• 
£90 
£75 
£25 
£60 

£130 
£35 
£75 

£600 
49 2~~~~~~~!~uro~~oT~r ~~~ULATED HIGH VOLTAGE SUPPLX ~~ 
50 T.O.A. ELECTRONIC POLYRECORDER type EPR-2T £90 
51 STODDARD AIRCRAFT Radio Interference and Field Intensity Meter type 

NM-52A 375-1 OOOMHZ (2 pieces) £275-
52 TAYLORVALVETESTERtype45D £45 
53 RHODE & SCHWARZ UHF TEST RECEIVER BN1523 280-940MHZ 

(4600MHZ) £120 
54 R 8t S Z-g DIAPRAPH 300-2400 MHZ 6N3562 £85 
55 R 8t S Unbalanc:ed Standard ATTENUATOR BN1 8042/50 £45 
56 R & S VHF· UHF FREQUENCY METER 30·3000MHZ BN442 £60 
57 R & S DIRECT CAPACITANCE METER 6N5201 £50 
58 WAYNE KERR UNIVERSAL BRIDGE type 8521 (CT375) £75 
59 B & K HETERODYNE VOLTMETER type 2005 £250 
60 HEWLETT PACKARD CLIP ON DC MILLIAMPMETER type 428A with 
~~ ~ 

61 SOLARTRON DIGITALVOLTMETERtype LM1420.2 £30 
62 SOLARTRON DIGITAL VOLTMETER type 1420.2 with Mean AC Unit. £35 
63 SOLARTRON DIGITAL VOLTMETER type 1867 £55 
64 MARCONI SIGNAL GENERATOR type TF995A/3/S (CT402) £225 
65 JARROLD SWEEP GENERATOR 20-112 MHZ £40 
66 HEWLETT PACKARD VALVE VOLTMETER type 412A £35 
67 HATFIELD SELECTIVE LEVEL METER type 1 001 £90 
68 COSSOR NOISE LEVEL METER CT454 £18 
69 HEATHKIT DECADE RESISTANCE BOX DR1U £10 

~~ rr~~~Wf:~~~:~~~L~1jJ~~T~~~~~~1~n:~s(CT421) ~:g 
72 WAYNE KERR UNIVERSAL BRIDGE type 8221 £50 
73 WAYNE KERRAFSIGNALGENERATOR type S12110HZ-120KHZ £60 
74 SIGNALGENERATORtypeCT3440.1HZ·10MHZ £30 
75 CLARE FLASH TESTER type 01038 £15 
76 MARCONI RFATTENUATORtype TF1073A £35 
17 HEATHJCrTVAlVE MIWVOLTMETERAV-3U £15 
76 TELONIC SWEEPER 450-900MHZ £55 
79 COSSOR SWEEP OSCILLATOR type CT202 £35 

~~ :~:~J'i'Z..~~~~~ill~:J'f.ti~g~~~e 204 1-320MHZ f~g 
82 HATFIELD TRANSISTORISED SELECTIVE LEVEL METER SPO 7820 £90 
83 S.T.C. LEVEL MEASURING SET type 743098 £90 
B4 AVO TRANSI~TQ!J.A.NA_!,'!'~m type CT446 £30 

gg ~li~'AA1~~6'~'i't'!E~cf~~~I~E~fFrJNk~rJso 0-3200MHZ ~~ 
87 ADVANCE SIGNAL GENERA TOR B4B 1 OOKHZ-1 OOMHZ £25 
88 HEWLETT PACKARD DIGITAL RECORDER type 50508 ~5 

JUSTIN 
B. & K .. LEVEL RECORDER tvoe 2305. 50db Potentiometer 
Brand New. With <;~ccessories ................... ...... ................ ... £9.50 ea. 
HEWLETT PACKARD X-Y RECORDER type 7015B ... ..... .... £600 ea . -
GENERAL RADIO type 1360-B Microwave Osc. 1. 7-4.1 Ghz .. . £750 
GR type 1142-A Frequency/Discrim inator Meter 0-1 .5Mhz ... £225 
GR type 1807 DC Microvoltmeter/Nanoammeter 1.5Kv maz.£175 
GR OSCILLATORS type 1209-C; 1209-0L; 1215-C (50-900Mhz) 
with Power Unit type 1269-A .. .. ....... ....... ... .... ...... .. ........ ... .... .... £225 

PLEASE CHECK AVAILABILITY BEFORE ORDERING 

CONVERT THIS UNIT TO A 

;UPER BATTERY CHARGER 
Atl..dctive green ministry quality case with remova
ble top and bottom 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 
£3. Four units £12. Carriage £6. 

SOME TEKTRONIX 500 
RANGE OSCILLOSCOPES 

DIODES 
All new full spec. devices 
IN3063 BAX 13. 1S44, 1N4148; 

STEPPING MOTORS 
6/12 position with additional where the rotor is 
coils. Device can be used as a tacho. Diagram 
supplied. Will actually work on 5 volts. 12/24 
recommended. £1 .50 each P&P 75p 

o_r 5 for £5 P&P £1.50. 

with Sing le Trace Plug-ins. Working. 
From £100. Phone for details 

MULTIMETER 
. Russian Type 4324 

AC/DC volts : AC/DC current; 
ohms, etc. 

Brand New, b.oxed . 

£12.50 each 
P&P £2.50 

1N3470; 1N4151 . . 
100 off £1 .50, 1,000 off £10 

METROHM INSULATION 
AND CONTINUITY 

TESTER 500 volts 
Portable, Battery Operated, Standard P.P.7 
(Battery not supplied). Complete w1th carrying 

case. . 
As new £40 each 

Used but good condition £25 each. 
P&P£3. 

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 

MINIATURE 
VARIAC 0.6 AMP 

In an attractive Blue Case with Carrying· 
Handle. Size 10% x 6% x 6W' . With 20 
good quality screw terminals with integral 
4mm socket giving multiple vo ltage and 
current outputs . 
As new condition. Individually Boxed . 

· £15 each. P&P£2 

Rotary, complete with Waveguide 
Couplers. These are brand new, Ministry 
boxed. Very impressive. Dish diameter 27 
inches. £85 each. Carriage £5 

EX-MINISTRY MASTS 
40ft. HEAVY DUTY 

With guys, etc. In transit case 
£50 each. Carriage £5 

INVERTOR. TYPE 350 
Input 115 Volts DC. Output 115 Volts AC 
400HZ, 3-Phase. Supplied with connection 
details. 

Tested, good condition. £30 each 
Tested but scruffy. £1 5 each 

Carriage £5 

INFRA RED IMAGE 
CO.NVERTER Type 9606 

(CV 144) 
13/4in. diameter. Requires single low cur
rent 3KV to 6KV, supply individually 
boxed . With data . £12.50 each 

115V AC 1.7 Amp Input. Switching is at 
20Khz. Output windings from Pot Core. 
Can be rewound to suit own purpose or 
unit can be broken for host of components. 
Circuits supplied. £1 .25 each. P&P £2 . 

COSSOR VDU with 
KEYBOARD 

80 characters x 13 lines; 600/1200 baud; 
RS232; standard 240 volts input; screen 

size 9 inches. 
Very good cond ition. Tested. 

quantity. 

£70 each. Carriage at cost. 

STEPPING MOTORS 
200 Steps. -20 oz/in. torque, 12/24 volt input 5-wire 

MOTOR 12V DC with pulley and integral semiconductor. 
Speed Control. New £1 ea. 
LEDEX ROTARY SOLENOIDS. 115V DC. No switch assembly. 
15pea. 

MOTOROLA DUAl in Line 6-pin Opto Coupler 30p each. Gold 
plate tester version SOp each. 

£12ear'1.P&P£1.50 · 

KEYBOARD PAD 
Size 3x2Vzx2" with 12 Alma Reed Switches. Blue 
k'lys 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. 

CRYSTALS SOp each 
Flat metal case - 19.2KHZ; 844.8KHz; 67G - 10M HZ. 

PULSE TRANSFORMER. Sub min. Size 112 x 5/16 x 1;4" 
Secondary centre tapped. New 20p ea. 
REMO TV TYPE MULTIPLIER. Two high vo ltage outputs and 
focus, £1 each. · 
DON'T TAKE CHANCES. Use the proper EHT CABLE. 10p per 
meter or £7.50 per 100 metre/drum. PB(P £2. 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap. 
7Sp ea. Box of 12 £S.SO. P&P £1.50. 
INFRA RED QUARTZ LAMPS. 230V 620 watts. Size 13'12"' x 
1,11" dia. £1.50 ea. 240V 1650 watts. Size 223/4" x 112" dia. £3 ea. 
BRIDGE RECTIFIER. 2 Amp SOp ea. 
PHOTODIODE DETECTOR 4" fly leads, 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 

~~a~in~ta1,.;iJa~~- MAINS LEAD. Moulded (3 vertical flat pins 
centre offset) 60p ea. 
FANS. 115V 13 watts. Size 31;4 x 31f4 x 1112" BRAND NEW. 
£4.50 ea. Secondhand £2.SO ea. 
DELAY LINE. 50 nanosecs. 3 connections - ground-in-out. 
Size 2 x 7/16x5/16" New 25p ea. 

DIAMOND H CONTROLS ROTARY SWITCH. Single pole 10-
way. Printed Circuit Mount. New 10pea. 100for£7.50. 
RAPID DISCHARGE capacitors 8mfd 4kV £5 each. P&P £2. 
DECOUPLING CAPACITORS 
0.05mfd 1 OV; 0.01 mfd; 0.047mfd 250V; 33K, 330pf. All values. 
100 for £1 .50. 

~o~,;J~i:.fuE~i'c~t~~~K~J~g~a~~-BLE. New 40p per metre. 
10 metres for £3. 
GEC UHF 4-button tuner £1.50 each. 
CENTAUR 115V FANS. 41/2x41/2x]l.r.! '. £4.50 ea. Ex-equip
ment, tested 60p each. 
CONTACTORS. Heavy Duty 24V DC 5 make £1 each. 
GEC UHF/VHF 6-button tuner £2 each. 
931A PHOTO MULTIPLIER£2 each. P&P £1 . 
RANCO 250V 18A THERMOSTATS with Control -knobs ca li
brated 50-200 degree C £2.50 each. 
SOLID STATE UHF TUNERS. 38MHZ. £1 each. 
BRAND REX blue wire wraps. 30 metres for £1 . P&P 25p. 
TRANSFORMERS 
AUTO 240V input 115V. 1 Amp output £1.25 each. P&P £1.25. 
240V input. Soc. 6V, 1.86A. Size 2112x2x2". Good quality £1.50 

;:o~&i,~~t Soc. 12V 0:92A. Size 2112x2x2". Good quality. 
£1 .50 ea. P&P £1. 
240V input 12V 1 OOMA. Size 60x40x42mm 50p each. 
240V i"nput. Soc. 12-0-12V 50MA. Size 53 x 45 x 40m m. £1 ea. 
115V input. Soc. 5V 250MA. Size 1 11/16 x 1.5 x 11/4. 2 for 50p. 
115V input. Sec. 1 0-0-10V1A. Size 2112 x 2 x 2", 2 for £1 .SO. 
SEMICONDUCTORS 1 N4005 - 5p; 1 N4002 - 3p. 
At5p each : 
BC147, BC157, BC15B, BC237, BF197, OA90, OA81, BC1488, 
BA154, BA243. 
At 2Speach: 
TIP31, TIP41A 2N5£96. AF139, 2TX341 . 

~;nri~fs ~t;ng~f~ :~2~i3!9&,:~~!ir ~g~ ~~~3:e~ 
pr. at SOp eac;h. 
REGULATOR TBA625 8 to 20V in - 5V out 100MA T05 Con. 
SOp each B F256C 20p. 
TV AMP_L.IFlER IB.A 1 each. 

ELECTROSTATIC VOLTMETER. 7.5KV £8 ea. P&P £1.50. 
()_tll_~r-~a_!1J!eS ayailable - please enquire. 
TRIMMERS. Sub min. 0.25 to 1.25 pf. 1 to 4.5 pf. 7 to 45 pf. All 
at6peach. 
HONEYWELL humidity controllers 50p each. 
THYRISTOR TIMER. Solid State. 15 sees adjustable I reset) in 
plastic relay case. Standard 7-pin base. Series delay SOp each. 
MINIATURE PC MOUNT SLIDE SWITCH. 2 pole 2 way 10p 
each. 

! ~!~:;e7 ,;;i~~~~~~ rae;h~~~W~?th:iR~~~eog~:~~~ ~:cF~ua~ 
places between digits. Good brilliance at 1.5V. 15 connections 
£2.50 each. 
Some E.H.T. TRANSFORMERS and CAPACITORS available. 
Please enquire. 
TELEPHONES 706 style black; grey or blue £5.50 ea: 746 style 
black or grey £7.SO. Older style black £2.59 each. Discoloured 
grey 706£4 ea. P&P £1 .50 per telephone. 
DC SERVO MOTOR 110V 2.5 Amp continuous. Double shaft. 
Brand new. 4 wire 4 brush £18 ea. Plus carriaQe. 
PC Mount POTS. Wire wound with knob 200 ohm & 10 ohm 
10pea. 
MIN. RELAY24V. 2 pole c/o. Brand new 7Speach. 
TIME DELAY RELAY 0.1 to 10 sees. 115V AC. DPDT. £5 each. 
CAPACITORS at 5p each. 0.1uf 400V. Small rec. block PC 
Mount German class; 3300pf; 220nf 250V; 0.01 mfd 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 w inding. Encapsulated- identical to 
R.S. 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; 1 mfd 35V. 
MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each. 
10 off SOp. 
HEAVY DUTY RHEOSTAT. 7.50hm, 5.5Amp. Diameter 5". 
Standard 1;4' ·shaft £2.50 each. P&P £1 .50. 

-- - -- - -

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 9am-1pm and 2-5pm Monday to Saturday inc. 
BARCLAYCARD (VISA) and ACC~SS taken. Official orders welcome. 

CHIL ...-.. EAD LTD 
NORWOOD ROAD, READING . . TELEPHONE NO. READING 669656 

(2nd turning left past Reading Technical College in King's Road then first right- look on right for door with "Spoked Wheel") 
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LINSLEY HOOD CASSETTE RECORDER 2 

~ -· 
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 arranaement used on our Linsley-Hood Cassette Recorder 1. . 
This latest version has the fol lowin~ extra features: Ultra low wow-and-flutter of .09% - easilv 
meets DIN Hi-Fi 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. Latching record 
button fqr level setting. Dual concentric input level controls. Phone output. Microphone input 
facility if required. Record interlock prevents rerecordi"!_g 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 + V.A.T. 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 reputat ion 
tells. all you need to know about the circuitry and Hart expertise and experience guarantees the 
eng1~eermg des1gn of the k1t. Advanced features include : High-quality sepa rate VU meters with 
excel,ent ballistiCS. Controls, .sw1tches and sockets mounted on PCB to eliminate difficult wirinq . 
Proper moulded escutcheon for cassette aperture improves appearance and removes the need 
for the cassett": transport to be set back beh ind a narrow finger trapping. slot. tasy to use, robust 
Lenco mechamsm. Switched b1as and equalisation for different tape formu lations. All wiring is 
t";rm1nated w!th plugs and sockets for easy assembly and test. Sophisticated modular PCB system 
g1ves a spac1ous, easily-bUilt and tested layout. All these features added to the high-quality 
metalwork make this a most satisfy1ng kit to build. Also included at no extra cost is our latest HS 
~~ ~~n~~~~ c~~y super head, available separately at £B.20 but included free with the complete kit 

Reprints of the 3 original articles describing this design 4Sp. No VAT. 
Reprint of the subsequent postscript article lOp. No VAT. 

Part Cost of Post, Packing and Insurance 

g~~~~~~if1fg95_0f1 P&P Export Order~ -t;o6~cgue~~;1~if;g~nindt ~~~tcfl;'~~ 

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 

Oswestry (0691) 2894 

PRIVATE & TRADE ENQUIRIES WELCOME 
. Full range available to replace 1. 5 volt dry cells and 9 volt 
PP type batteries, SAE for lists and prices . £1 .45 for 
booklet, "Nickel Cadmium Power," plus catalogue. 

*New sealed lead range now available* 

Write or call at : 

SANDWELL PLANT LTD. 
2 Union Drive, Boldmere 

Sutton Coldfield, West Midlands, 021-354 9764 

WW- 043 FOR FURTHER DETAILS 
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LINSLEY-HOOD 300 SERIES AMPLIFIERS 

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 qual ity 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 p ick-up facility. 
Total cost of all parts is £B1.12. Special offer price for complete kits £72. 
35-watt Mosfet amplifier. Total cost of parts £9B.41. Special offer for complete kits, £B7.40. 
45-watt Mosfet amplifier . Total cost of parts £104.9S. Special offer price for complete kils £94.80. 
Reprints of original Articles from Hi-Fi News 50p. Post free. No VAT. 
Reprints of MOSFET article 25p. No V.A.T. Post free. 

FEED YOUR MICRO BYTES 
WITH OUR 

SOLENOID CONTROLLED CASSETTE DECK 

Front loading deck with full solenoid control of all funct ions including optiona l search in fast wind 
modes. 12 volt operation . Fitted 3-digit memory counter and Hall IC Motion Sensor. Standard 
erase and stereo R/P Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full 
technical specification included. 

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 V.A.T. and 50p postage. 

CASSETTE HEADS 
HS16 SEN DUST ALLOY SUPER HEAD. Stereo R/P. Longer life than Permalloy. Higher output than 
Ferrite. Fantastic frequency response . Complete with data ... ..................... ....... . . .. ........ .. £8.20 
HC20 Stereo Permalloy R/P head for replacement uses in car players, etc .. .. ... ... ... .. .. £4.25 
HMgo Stereo R/P head for METAL tape. Complete with data ... . .. . ... .. .... .. .. .. . ... ....... ....... ... £7.20 
H561 Special Erase Head for METAL tape .. . ........... ........ ...... ... .... £4.90 
H524 Standard Ferrite Erase Head .... ... .. ...... ... ...... .... .. . . ... ............ £1.SO 
4-Track R/P Head. Standard Mounti.ng .. ....... .... ...... .. .. .. ...... ... .... .. .. .. ..... .. ........... .. .... .. ..... .. £7.40 
R4S4 2/2 (Double Mono) R/P Head. Std. Mtg ..... . .. ..... £4.90 

.ME151 2/2 Ferrite Erase. Large Mtg .. .. .. .. .......... £4.2S . 
CCE/8M 2/2 Erase. Std. Mtg.. . .. £7.90 

_ All prices plus VAT 
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DISTRIBUTION 

AMPLIFIER 2 
One f loat•ng •nput. 10 1ndep · . . dent float1ng outputs 
:11 600 Ohms tor general stud10 work or tec:d1ng 
mult1ple slave pa amphf1ers ElectroniC •nput c~rcutt ' 
wh1c h Wtthstands mew' ~ or stat•c volt ages o n the 
s•gnal lines 
Total Harmonic Oistor1ion, all o utputs loeirh• ri ci t 

• lodBV 7 
1kHz --80o 0 0 01 · 
100 Hz 20kHz /tidB (l 015 ' 
Stlrtic lntennodulation Distortior. · H 1 ..t- 7kHz 
Oulput + 1 2dBV 7 - -86d8 0 00 ~ · 

The umt meets the IBA s•gnal pe:t!l • , ,H!C•f •cat•o ns 
and IS ava•lable as a comple te un• t ur ~t ~ d se t o f al l 
parts exclud •ng the case and XLR con nec tors 

STEREO DISC AMPLIFI.ER 2 

STABILIZER 
FOR HOWL REDUCTION, BALANCED AND 

UNBALANCED VERSIONS BO)(ED 
OR RACK MOUNTING 

PUBLIC ADDRESS :SOUND REINFORCEMENT 

" .... ! I< ......... ""~ 1: --- .. 

-i- sHz FfxED 'SH1Fi"cTRcurrBo~RDS~ 
WW July 1973 article but improved 
noise level. lower distortion, adjust· 

SUPERLATIVE PERFORMANCE FOR BR OAO CAS ment free OSCillator and IC SOCkets Mark 
TING DISC MONITORING AND TRANSFER M" \1 4. 
ne11c C<Htr1dge to balanced 11nes w•th H F an<J l F Snlrll l e no u~1h \0 be built 1rlS1dE' th e ca b1nets nf nl rHly 

f•her·n~ Ma1115 powered Meets IBA spec •f• ca \lon >~'ll p i iHPr~ 

Rbelviewedd in dStudio Sound, May issue. Also un Complete Kit and board £38 s;"ucl&udm;"a!',·ns DESIGNER 
~a nee mo eland Moving Coil Preamplifier 

PEAK PROGRAMME METERS Bn"d buill and aligned £49 transformer APPROVED 

Drive boards PPM2 and PPM3 * High qua lity SURREY ELECTRONICS 
Ernest Turner movements 640, 642. 643 and The For!J", Luck• Gr-n. Cranleigh 
TWIN * Peak Deviation Meter Programme and SurTey, GU6 7BG Tel: 04866 5997 

Dev1at1on Chart Recorders. * Illuminated PPM u;~6~r"~'~rE ~~~E~~~'!,5; ~ '· 
~s·.-.wwwwwwww...,•~• ~ ..-:.>w%tw..-. 
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, TTLs by TExAS . 74367 60p '4025 20p 
7400 11p 74368 60p 4026 130p 
7401 12p 74390 lOOp 4027 40p 
7402 12p 74393 120p 4028 60p 
7403 14p 74490 150p 4029 7Sp 

. 7404 14p 4030 40p 
7405 1Bp 74LSSERIES 4031 170p 
7406 30p 74LSOO 14p 4034 200p 
7407 30p 74LS02 14p 4035 110p 
7408 16p 74LS03 18p 403.6 295p 
7409 16p 74LS04 16p 4039 295p 
7410 15p 74LS05 20p 4040 &Op 
7411 20p 74LS08 20p 4041 BOp 
7412 20p 74LS09 20p 4042 6Sp 
7413 2Sp 74LS10 20p 4043 7Sp 

. 7414 lSp 74LS11 30p 4044 70p 
74C14 90p 74LS13 30p 4046 BOp 
7416 27p 74LS14 SOp 4047 7Sp 
7417 27p 74LS20 20p 4048 SSp 
7420 17p 74LS21 30p 4049 30p 
7421 lOp 74LS27 30p 4050 30p 
7422 22p 74LS30 20p 4051 65p 
7423 2Sp 74LS32 27p 4052 BOp 

' 7425 . lOp 74LS37 30p 4053 6Sp 
7426 lOp 74LS38 30p 4054 130p 
7427 25p 74LS42 SOp 4055 125p 
7428 lOp 74LS47 60p '4056 120p 
7430 17p 74LS51 24p 4059 SOOp 
7432 lOp 74LS55 30p 4060 90p 
7433 lOp 74LS73 30p 4063 100p 
7437 lOp 74LS74 27p 4066 35p 
7438 30p 74LS75 36p .4067 400p 
7440 17p 74LS76 36p i4068 \8p 
7441 70p 74LS83 70p ;4069 20p 
7442A SOp 74LS85 BOp :4070 30p 
7443 112p 74LS86 36p 4071 2Sp 
7444 11Zp 74LS90 40p 4072 25p 
7445 BOp 74LS92 70p 4073 25p . 
7446A 93p 74LS93 SOp 407S 2Sp 
7447A 60p 74LS96 110p 4076 60p 
7448 70p 74LS107 45p '4081 22p , 
7450 17p 74LS109 SOp '4082 27p 
7451 17p . 74LS1 12 40p -4086 72p ' 
7453 17p 74LS1 13 4Sp \4089 1SOp 
7454 17p 74LS1 14 4Sp 4093 4Sp . 
7460 17p 74LS122 70p 4094 200p . 
7470 l6p 74LS123 60p :4095 9Sp 
7472 lOp 74LS124 180p 4096 95p 
7473 l2p 74LS125 SOp 4097 l40p 
7474 lOp 74LS126 SOp 4098 90p 
7475 l8p 74LS132 SOp 4099 120p 
7476 l2p 74LS133 30p . 40100 220p 
7480 SOp 74LS136 45p 40101 132p 
7481 100p 74LS138 55p 40102 1BOp 
7482 84p 74LS139 55p 40103 180p 
7483A 60p 74LS145 120p 40104 99p 
7484 100p 74LS147 1SOp 40105 120p 
7485 ' 110p 74LS148 140p 40106 SOp 
7486 lOp 74LS151 70p 40107 60p 
74S9 210p 74LS153 60p 40108 470p 
7490A lOp 74LS154 200p 40109 100p 
7491 60p 74LS155 SOp 140110 lOOp 
7492A 40p 74LS156 SOp 40114 250p 
7493A lOp 74LS157 SOp 4502 90p 
7494 75p 74LS158 60p 4503 SOp 
7495A 60p 74LS160 90p 4507 4Sp 
7496 SOp 74LS161 75p 4508 200p 
7497 180p 74LS162 90p 4510 70p 
74100 100p 74LS163 60p 4511 BOp 
74107 34p 74LS164 70p 4512 BOp 
74109 40p 74LS165 lOOp 4514 200p 
74116 100p 74LS166 120p 4515 200p 
7411S 100p 74LS170 120p 4516 7Sp 
74119 100p 74LS173 110p 4518 70p 
74120 110p 74LS174 BOp 4520 BOp 
74121 l4p 74LS175 70p 4521 220p 
74122 48p 74LS181 200p 4526 90p 
74123 60p 74LS190 'lSp 4527 150 
74125 60p 74LS191 75p 4528 BOp 
74126 60p 74LS192 75p 4532 110p 
74128 60p 74LS193 7Sp 4534 SOOp 
74132 60p 74LS195 7Sp 4536 lOOp 

•74136 60p 74LS196 75p 4538 120p 
74141 75p 74LS197 90p 4543 140p 
74142 . 200p 74LS221 90p 4553 320p 
74145 90p 74LS240 120p 4556 60p 
74147 120p 74LS241 120p 4560 180p 
7414B lOOp I 74LS242 90p 4569 1BOp 
74150 120p ' 74LS243 90p 4572 lOp 
74151A SOp 74LS244 100p 45S3 100p 
74153 SOp 74LS245 120p 4584 SOp 
74154 90p 74LS247 140p 45S5 lOOp 
74155 60p .7ALS251 75p 4724 . 1SOp 
74156 60p . 74LS253 7Sp 40097 90p 
74157 60p : 74LS257 75p 14411 700p 
74159 120p 74LS258 7Sp 14412 900p 
74160 7Dp 74LS259 lOOp 14433 1100p 

· : 

74161 70p 74LS266 100p 14500 700p 
74162 70p 74LS273 120p 14599 290p 
74163 70p 74LS279 SSp 
74164 90p 74LS283 7Sp 
74165 90p 74LS298 160p 
74166 90p 74LS323 2SOp 
74167 200p 74LS324 1SOp 
74170 200p 74LS348 200p 
74172 300p 74LS365 48p 
74173 90p 74LS367 SOp INTERFACE ICs 
74174 75p 74LS368 SOp AD536A £1l 
74175 75p 74LS373 120p AD561J 1400p 
74176 70p 74LS374 120p AD7524 600p 
74177 90p 74LS375 120p DM8131 375p 
74178 100p 74LS377 120p DPS304 450p 
74180 SOp 74LS378 lOOp DSS835 250p 
74181 160p 74LS390 90p DSSS36 1S0p 

·74182 90p 74LS393 90p DS8838 22Sp 
74184A 120p 74LS399 200p MC1488 65p 
74185 
74186 
741SB 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74278 
74279 
74283 
742S4 
74285 
74290 
74293 
74298 
74365 
74366 . 

120p 74LS445 140p MC1489 
500p 74LS670 225p MC3446 
325p . MC3480 

90p 4000SERIES 25510 
90p 4000 1Sp 58174 
90p 4001 18p 75107 
90p 4002 2Dp 75110 
90p 4006 70p 75114 
95p 4007 20p 75150 
70p 4008 70p 75154 
SOp 4009 40p 75182 

120p 4010 40p 75324 
12Dp 4011 16p 75361 
90p 4012 2Sp 75363 

100p 4013 35p 75365 
120p 4014 75p 75451/2 
200p 4015 70p 75491/2 
110p 4016 35p 8T26 
140p 4017 SOp 8T28 
2SOp 4018 70p 8T95 
250p 4019 45p 8T97 
100p 4020 65p 81 LS95 
100p 4021 75p 81LS96 
100p 4022 700p 81LS97 
SOp 4023 20p 81 LS98 
60p 4024 40p 9602 

NEW RETAIL SHOP . 
. 305 Edgware Road, W2 

Open : 9.30 - 5.30 

65p 
lOOp 
8SOp 
l50p 

£12 
160p 
160p , 
1 
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SERIES 74SSERIES 74S114 120p BFR40 48p 
9301 1601> 74Soo 1 SOp 74S124 lOOp 25p BFR41 140p 
9302 17Sp 74504 60p 74S1l2 160p AC127/8 20p 8FR79 TIP31A 240p 

ACi76 25p BFRSO TIP31C 30p 9308 316p 74505 : 7Sp . 74S133 75p 
9310 27Sp 74508 I 7Sp 745138 225p AC187/8 2Sp 8FR81 TIP32A 68p ZN3584 2SOp 
9311 27Sp ~~~g I:~ 745139 225p AF116 SOp BFX29 TIP32C 82p 2N3643/4 48p 
9312 160p 745157 .2sop :AD149 70p ' 8FX30 TIP33A 90p 2N3702/3 12p 

AD161/2 45p BFX84/5 TIP33C 114p 2N3704/5 12p 9314 16Sp ~~~~ : :~ ~:~in i~~g~ TIP34A 9316 22Sp• AU107 200p BFX86/7 11Sp 2N370617 14p 9p 
9321 22Sp 74S37 90p 74S175 1320p . BC107/8 11p BFX88 TIP34C 160p 2N3708/9 12p 15p 
9322 150p 74564 60p 745194 !350p BC109 11p 8FW10 TIP35A . 22Sp 2N3773 lOOp 

BC117 20p 8FY50 TIP35C 290p 2N3S19 25p 9334 360p 74S74 90p 745241 : 450p 
'BC147/S 9p BFY51/2 TIP36A 270p 2N3820 SOp 9368 250p 74585 JOOp 745260 
BC149 10p 8FY56 TIP36C 340p 2N3823 70p 9370 300p 74S86 .180p 74S373 

9374 200p 745112 120p - 74S374 BC157/8 10p BFY90 TIP41A 65p 2N3866 90p 60p 
BC159 11p 8RY39 TIP41C 78p 2N3902 700p 
BC169C 12p 8SX19/20 TIP42A 70p 2N3903/4 18p 

BY127 70p 

LINEARICs • MC1JiOP 1SOp 8C172 12p 8U104 ·TIP42C 82p 2N3905/6 20p 
BYX36-300 BBp 

AY1-0212 600p MC1458 4Bp BC177/8 17p BU105 1 TIP54 160p · 2N4037 6Sp 
OA47 75p 

AY1 -1313 668p I MC1495L 3SOp BC179 18p ' BU10S 250p TIP120 120p 2N4058/9 12p OA81 95p 

AY1-1320 320p I MC1496 70p .8C1S2/3 10p -' BU109 225p TIP122 130p 2N4061/2 18p 
OA85 85p 

AY1 -5050 140p . MC3340P 120p ,BC184 11p BU126 150p .TIP142 130p 2N4123/4 27p 
OA90 10Sp 

AY3-1270 840p MC3403 90p BC187 lOp BU180A 120p TIP147 130p 2N4125/6 27p 
OA91 110p 

AY3-8910 7SOp MM57160 620p BC212/3 11p BU205 200p TIP2955 7Bp ; 2N4401 /3 27p 
OA95 130p 

AY3-8912 6SOp ·. NE531 150p 8C214 12p 8U20S 200p TIP4055 70p 2N4427 90p 
OA200 130p 

AY5-4007D 520p NE555 20p BC237 1Sp BU406 145p TIS43 48p 2N4871 60p 
OA202 

· CA3046 70p NE556 70p 8C327 18p ElOO 50p TIS93 30p '> 2N5087 27p 
1N914 

CA3048 22Sp ' NE564 420p BC337 16p E308 50p ZTX108 12p 2N5089 27p 
1N916 THYRISTORS 

' CA3080E 72p .NE565 1l0p BC338 16p E310 SOp ZTX300 13p 2N5172 27p 
1N4148 1A 50V 70p 

lA400V 
CA3086 4Bp NE566 155p BC461 3Bp MJ2501 22Sp ZTX500 15p 2N5179 90p 

1N4001/2 90p 
1N4003/4 3A 400V 100p 

CA3089E 225p NE567 m~ - BC477/B lOp MJ2955 90p ZTX502 1Bp 2N5191 90p 1N4005 SA 600V 140p 
CAl090AQ 375p NE571 BC516/7 40p MJ3001 22Sp ZTX504 30p 2N5194 90p 
CA3130E 90p NE5534A 2SOp 8C5478 16p MJE340 60p 2N457A 250p 2N5245 40p 

1N4006/7 12A400V 160p 

CA3140E SOp PLL02A 500p BC54SC 9p · MJE295S 100p 2N696 35p 2N5296 SSp 
1N5401/3 16A 100V 160p 

CA3160E 100p S566B 270p BC549C 18p ' MJE3055 70p j2N697 25p 2N5401 SOp 
1N5404/7 16A400V 180p 
IS920 8T106 110p 

CA3161E 140p SAD1024A 12SOp 8C557B 16p MPF102 45p '2N69B 45p 2N5457/B 40p 
CA3162E 4SOp SFF96364 BOOp . -BC559C 18p MPF103/4 40p 2N706A 30p 2N5459 40p 

C106D 45p 
HEAT SINKS MCR101 l6p 

CA3189E 300p SL490 400p BCY70 18p ' MPF105/6 40p 2N70B 30p 2N5460 60p For T0220 Volt- · TIC44 27p 
CA3280 160p SN76477 17Sp BCY71/2 22p MPS6531 2N918 4Sp SOp 2N5485 44p age Regs. and 2N3525 130p 
DAC1408-B 200p SP8515 750p BD131/2 SOp ·MPS6534 SOp 2N930 1Bp 2N5875 2SOp transistors 22o 2N4444 140p 

. HA1388 260p TA 7120 200p BD135/6 54p 'MPSAOB 30p 2N1131/2 36p 2N6027 48p ForT05 .12p 2N5060 34p 
ICL7106 B50p TA7204 250p 80139 56p MPSA12 SOp 2N1613 25p 2N6041 1BOp 2N5064 40p 
ICL8038 lOOp TA7205 2SOp BD140 60p MPSA13 50p 2N1711 2Sp 2N6044 160p 
ICM7555 BOp TA7222 200p BD189 60p ,MPSA20 50p 2N2102 70p 2N6052 300p BRIDGE 
LF1331 30p TA7310 200p BD232 95p MPSA42 50p 2N2160 350p 2N6059 325p RECTIAERS LOUD-
LF351 48p TAA621 275p BD233 75p MPSA43 SOp 2N2219A 30p 2N6107 65p 1A 50V 19p SPEAKERS 

· LF356P 9Sp TBA641B11 300p BD235 85p .MPSA56 32p 2N2222A 30p 2N6247 190p 1A 100V 20p Size 
LM10C 42Sp TBA651 200p ·BD241 70p MPSA70 50p 2N2369A 25p 2N6254 1l0p 1A 400V 2Sp 21!.!" 64R BOp 
LM301A 27p TBA800 90p BD242 70p MPSU06 63p 2N2484 30p 2N6290 65p 1A 600V 30p 211.1" 8R BOp 
LM311 70p T8A810 lOOp BDY56 200p MPSU07 60p 2N2646 45p 2N6292 65p 2A 50V lOp 2" SR 90p 
LM318 200p TBA820 90p BF200 32p 'MPSU4S 90p 2N2904/5 30p 2SC1172 1SOp 2A 100V 3Sp 1'1.!" 8R 100p 
LM319 22Sp TBA950 300p 8F2448 35p MPSU65 7Bp 2N2906A 30p 2SC1306 1SOp ' 2A 400V 45p 
LM324 4Sp TCA220 3SOp BF256B 70p ·OC28 1l0p 2N2907A lOp 2SC2028 120p 3A 200V SOp 
LM339 7Sp TCA940 17Sp BF257 /8 l2p •OC35 130p 2N2926 9p 2SC2029 250p 3A 600V 72p MODULATORS 
LM348 9Sp TDA1004 300p BF259 36p TIP29A 40p .2N3053 30p · 2SC207B 200p ' 4A 100V 95p 6MHz UHF l7Sp 
LM35SP SOp TDA1008 320p .ll.FR39 25o :TIP29C SSo '.2N3054 6Sp · 3N128 120p · 4A 400V 1 OOp SMHz UHf 4SOp 
LM377 17Sp TDA1010 22Sp 
LM380 75p TDA1022 S70p LOW PROFILE OIL SOCKETS IIY. TEXAS ZERO 
LM381AN 1BOp TDA1024 120p 2101-4L 400p TMS991B 8 pin 9p 1S p'in i6p 24 pin 20p INSERTION 
LM3S6 95p TDA1034B 2SOp 2102-2L 120p . ZBOP10 SOOp 14 pin 10p 20 pin 1Bp 2S pm 26p FORCESKT 
LM393 100p TDA1170 300p 21078 SOOp Z80AP10 600p 16 pin 11p 22 pJ~. 22p . 40 pin 30p 24pin 
LM709 l6p TDA2002V 325p 2111-4 2SOp Z80CTC 500p 
LM710 50p TDA2020 320p 2112-4 300p ZSOACTC ~~~ LM725 350p TL071/S1 45p 2114 200p ZSOADART WIRE WRAP SOCKETS BY TEXAS 

LM733 100p TL072/82 7Sp 2114-2L 300p ZBOADMA £12 B pin 25p 18 pin SOp 24 pin 

LM741 18p TL074 130p 4027-3 300p Z80S10-1 £24 t4 pin lSp 20 pin 60p 2S pin 

LM747 70p TL084 110p 4044 700p : UART. 16 pin 40p 22 1>in SSp 40 pin 

LM748 35p TL170 SOp 4116 200p . AY-3-1015P 400p 
LM2917 2SOp UAA170 17Sp 4118-4 700p AY-5·1013P 3SOp SOFTY Ideal Software/Hardware 
LM3302 100p ULN2003 lOOp 5101 300p IM6402 450p Using SOFTY you can develop you 
LM3900 70p UPC1156H 300p 6514-45 £5 CHARACTER DebugNerify and then commit them to 
LM3909 70p XR2206 300p 6810 200p GENERATORS Krr£100. BUILT AND TESTED £12S 
LM3911 130p ZN414 90p 74S201 300p 
LM3914 22Sp ZN419C 225p ROM/PROMs 

R0-3-2513 U.C. Also available Expansion Board for 

LM3915 225p ZN424E 135p 
600p rail (+5v) EPROMS. 

LM3916 22Sp ZN425E 350p 
71301 70tlp R0-3-2513 L.C. 700p 

MINI DISC DRIVE MECHANISM· Teac Type FD-
LM13600 12Sp ZN427E 650p 

74S188 225p SN74S262AN £10 
50A 40track st/4" Double/Smgle Dens1ty dnves £140 

. MB3712 1S0p ZN1034 200p 
74S287 350p KEYBOAR'o 
74S471 650p ENCODER FLOPPY DISC CONTROLLER 
74S571 650p FD1771 £24 

. VOLTAGE AY-5-2376 700p £36 - ve CPUs 74C922 SOOp FD1791 
Fixed Plastic T0-220 7905 60p FD1691 £t5 

1A + ve 7912 60p 1600 1200p CRYSTALS 
2143 £5.SO 

5V 7805 55p 7915 60p 1802CE 750p· 32.768KHz 2SOp 

12V 7812 55p 7918 70p 
2650A £16 lOOKHz 300p EPROM ERASERS Type UV140. Will erase up to 14 

15V 7815 SSp 7924 70p 6502 SSOp 200KHz 370p EPROMS in approx. 20 mins. Has slide-in tray for safe 
1BV 7818 SSp 79L05 70p 6800 370p t.OMHz 320p use. MAINS and ERASE indicators £61.SO 
24V 7824 SSp 79L12 70p 6802 &SOp 1.008MHz 350p 
100mA T0-92 79L15 70p 6809 £16 1.8432MHz 32Sp 
5V 7SL05 30p 8080A 450p 2.00MHz 325p 

12V 78L12 30p 80B5A 650p 2.45760MHz 32Sp 
15V 78L15 lOp 1NSB060 1000p 3.276MHz 300p 

OTHER-RE-GULATORS ·78HGKC . 
TM59980A £20 3.5795MHz 17Sp 
Z80 S50p 4.00MHz 290p 

·LM309K 135p 78H05KC Z80A 6SOp 4.194MHz POA 
LM317T 200p 7BMGT2C EPROMs 4.43MHz 125p 

(copper ci LM323K 79HGKC 1702A 500p 5.0MHz 32Sp 
LM723 TL497 2708 350p 6.0MHz 300p 2.5x3.75" 7Sp 

:~~~ 6-way SPST 2716 (+5V) SOOp 6.144MHz 300p 2.5x5" 85p CX-17W 
oPTo·:ELECTROilncs 2532 £9 7.0MHz 300p 3.75x3.75" B5p CCN-15W 
2N5777 45p . ORP60 120p 2732 EB 7.168MHz 300p 3.75x5" 95p.· X25 440p 8-way 
OCP71 180p ORP61 120p . SUPPORT 8.00MHz 300p ~:~~~g:~.. !~~ i ~~t:fc~I~S 1 
ORP12 120p TIL78 SSp DEVICES 8.867MHz 300p SOp 4-way SPST 

OPTO-ISOLATORS 3242 800p lO.OOMHz 310pl Pkt of 100 pins SOp X25 SOp BOp 

ILD74 1l0p TIL111 90p 3245 4SOp 10.7MHz 300p Spot face cutter B6p SPARE 

MCT26 100p TIL112 90p 6522 600p 1p.OMHz 3S0p i~~lmsertlon 11Bp ELEMEN'I'S DIGITAST 

MCS2400 190p TIL116 90p 6532 B2Sp . 16.00MHz 350p 
Vera Wiring Pen g~~X/X25 

I SOp Any colour 60p 

6820 37Sp 1S.OOMHz lOOp 200p With LED 90p 

LEOS 0.2" 6821 180p 1S.4l2 lSOp 

0.125" TIL220 Red 1Sp 6845 £16 · 19.968MHz 390p 

TIL32 SSp TIL222 Gr 18p 6850 26.690MHz l50p COUNTERS TTL&ECL 

TIL209 Red 13p TIL228 Red 22p 6852 27.145MHz 325p 74C925 S50p MC4024 325p 

TIL211 Gr 20p Rectangular 6875 38.6667MHz 3S0p 74C928 600p MC4044 325p 

TIL212 Ye 25p LEOs (R, G, Y) 30p 8154 48.0MHz lOOp ICM7216B 2000p 10116 70p 

TIL216 Red 1Bp NS85881 570p 8155 55.5MHz 400p ICM7217A 850p 10231 3SOp 
TIL311 600p 8205 - 116MHz 350p ZN1040E 700p 

DISPLAYS TIL312/3 110p 8212 
3015F 200p TIL321/2 130p 8216 *SPECIAL OFFERS* 
DL704 140p TIL330 140p 8224 
DL707 Red 140p 7750/60 200p 8226 1-24 25-99 100 

8228 FND357 120p DRIVERS 8251 2114L (450ns) 1.30 1.20 L1o FND500 110p 
FND507 110p 

9368 ZSOp 8253 2716 (+5V) 3.00 2.75 iso 9370 300p S255 MAN3640 17Sp UDN611S 320p 8257• 4116 (200ns) 1.30 1.20 L10 MAN4640 200p UDN6184 320p 

'* SPEECH SYNTHESISER * (A Project by TEXAS INSTRUMENTS LTD) . . . . 

* 
Superb major solid state speech project for under £100 . * Easy 1nterfac1ng to a microcomputer through a few ·l~nes 

* Promises to have a dramatic impact on State-of-Art of BA?IC . . . . . . 
Electronics- now, and for generat ions to come _ * P1tch c<;mtro( ha~ exc1t1ng electron1c mus1~ a_ppl 1cat1ons * Complete talking library of over 200 words w1th further * A, repnnt of ongmal constructional art1cle by E&MM 
expansion space (June 81) and available at 65p plus large SAE. 

. Cornplete Kit of~arts (inc. PCB) £87 . 
(NB: We are fully authorised TEXA INSTRUMENT suppl1er for above proJect) 

Please add 30p P&P & VAT 15% 

Government . Colleges . etc Orders accepted 

Mon ffl 9 30 r, 30 
CALLERS WELCOME Satu•ctay 10 Jo 4 3o 

www.americanradiohistory.com

www.americanradiohistory.com
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HERE IT IS! THE BRAND NEW ............ .., 
HAND-HELD DMM 

Consider the following features : 
6 resistance ranges from 200 
ohm-20ohms 
8 current ranges from 2mA-2A 
AC/DC 
10 voltage ranges from 200 
mv-1 OOOv DC-200 me- 7 50V 
AC 
Pocket size - weighJng only 
370gms. 
Full overload protection - will 
withstand 6kv spikes 
Rugged construction -virtually 
iildestructable 
Meets tough military specs -
drop proof 

-In line, pushbutton operation for 
single-handed useage 
Incorporates low power cmos 
chip for low power consumption 
All this plus a 2-year full guaran
tee 

® 

DIGITAL MULTIMETERS 
BRAND. NEW-FROM FLUKEifl 

NOW AVAILABLE 
THE 8024A HAND HELD DMM 

This model incorporates ~II the features of 
the 8020A but in addition has: 
A peak-hold switch whict1 can· be used in 
AC or DC for volts and current functions 
Audible continutty testing and level de

. tection for sensing logic levels. 
A temperature (0 C) range for use with a 
thermocouple. £155 -

Carriage and Insurance £3 

The following ·...,.,....,.. .,. In atoek now 

YSOOB Tou.ch and Hold Probe 

For only £89 +VAT SOFT CARRYING CASE ~~~i=4~r~~~bveo~~af~oPMo~l 

WIRELESS WORLD JULY 1981 

801 AND 8012A BENCH MODEL D. .M.s 
1 he 801 OA is a general purpose, bench/portable digital multimeter with mor~· func.tion~ 
and features than ever offered for such a low p"rice . Its companion, the 8012A, has 
'1dent1cal charactenstJcs except that it has two add1tional low resistance ranges. 20 and 
200 to replace the 8010A's 10 ampere current range . 
The BOt OA and 8012A feature : 
1.0 voltage ranges from 200mv- 1000v de. 200mv- 75v ac. 
'3 conduj:tance rang~s from 2mS- 200 nS . • 
ti .resistance ranges from 200fl . 20mr2 . the So 12A has two additional resistance ranges 

·?g ~:~r~~~nges from 200~A - 2A AC/ DC -the B010A. has two additional currenf 
""nges 1 OA AC.and 1 OA OC. 

801'0A£167 8012A£218 . 
tiie B010A is also available ~f;~i~~ ~~~hi;~~:=~~~e ~~ad size c batteries installed 

801 0 at £193.00. 

L,OW _CO$T, ~UTORANGING 
MULTI-FUNCTION COUI\i'Ti:-11 

MODEL 1900A 
Carriage and Insurance £3 £7 extra 80T-150C Temperature Probe (C) 

t-------------------------1 801-600Ciamp-on AC Current Probe 
·e A~.oranging in both frequenc-y and penod measurement modes 
e Wtde Frequency range -5 Hz to BO M Hz 
e H.igh ~en~itivity -25 mv, typically 15 mY 

Ev- more sophiat'icet.d the Fluke 8020A 
Identical in most respects to the 8022A but in addition incorporates a 
conductance range from 2mS-200nS. · 

Price £125 
Carriage and insurance £3.00 

A handsome soft carrying case is included (this modei only) 

e ;~~~~9: LED display w1th leac;Jing zero suppression. automatic annunc.iation an~ 

: ~=~!r;1~~~!~~i~:c:11o[~~:~ !~~~~ CC?ntinuous op~ration 
e Four manually selected gate times providing resolution to 0. 1 Hz 

e Event countina to 10 6 events with overflow indicator 
j Signal input conditioning 'With switchable 1 MHz low pass filter and attenuator 
e .R~ged moulded case with .convenient tilting/carrying handle 
e Optional parallel data output with decimal point and annunciation 
e Traditional high Fluke quality . 
e .. Self check . £23 5 Carriage arid Insurance £3. 

Y7206EN 
20,0DDOPV 

AC Volts: 0-10. 50. 
250, 500, 1000. 
DC Volts : 0-0.5, 5, 
25, 125, 250, 500, 
1000. 

TMKSOO 

30,0000PV 
A sturdy and reliable in· 
strument. Has internal 
buuer. 

' PLEASE ADD 15°/o VAT 
TO ALL ORDERS 

EXCEPT WHERE 
, AC volts : 0 to 2.5, 10, 
25, 100. 250. 500 , 

ITEMS MARKED 
"VAT INCLUDED." 

, DC Current : 0-0.05, 
· 5, 250mA. CALLERS :WELCOME 

. . We are open-9 a.m.-6 p.m. 
Monday-Saturday 

We carry a ve'ry large . selectton of electronic 
· compcinents an·d 

electro-mechanics! items. 

Happy Memories 
4116 
2114 
2708 

2114 
2716 

200ns 
200ns 
450ns 

450ns 
5 volt 

£1.70 
£2.95 
£3.35 

£1.95 
£3.70 

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 1 8 20 22 24 28 40 

10 11 12 1 6 1 7 20 21 28 3 7 

Memory Upgrade Kits for Apple, 2020, TRS-80, etc., from 
£13.60, please phone. Quantity prices available on re
quest. Government and Educational Orders welcome. 

Trade accounts opened 

All prices include VAT. Postage FREE on orders 
over £15, otherwise add 30p 

Access and Barc.laycard welcome 

HAPPY MEMORIES, DEPT. W.W. 
GLADESTRY, KINGTON 

HEREFORDSHIRE HRS 3NY 
Tei.(054422)618 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

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

reliable high 
performance & 
practical controls. 
individually 
powered modules- 1 

mains or de option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size-low 
weight-realistic 
prices. 

Fylde 
Electronic 
Laboratories 
limited. 

WW- 072 FOR FURTHER DETAILS 
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CLEF ELECTRONIC MUSIC P.&R. COMPUTER SHOP 
-PIANOS SPECIALISTS SINCE 1972 

DOMESTIC & STAGE TYPES 
KITS OR MANUFACTURED 

EPSON MX-80 80.GPs DOT MATRIX PRINTER WITH 
SPECIAL INTERFACES. 3982 IBM 1/0 PRINTERS. 
VDUs, ASCII KEYBOARDS, ASR, KSR, TELETYPES, 
PAPER TAPE READERS, PAPER TAPE PUNCHES, 
SCOPES, TYPEWRITERS, FANS 4" 5" 6". POWER 
SUPPLIES, STORE CORES, TEST EQUIPMENT AND 
MISCELLANEOUS COMPUTER EQUIPMENT. OPEN: 
MONDAY TO FRIDAY 9am·5pm SATURDAY TILL 
1pm. 

COMEANDLOOKAROUND 
SALCOTT MILL, GOLDHANGER ROAD 

HEYBRIDGE, ESSEX. 
PHONE MALDON (0621) 57440 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

·DeJ)t. lf!l, ~a Bramhall Lane South 
Bramhall, Stockport, Cheshire SK7 1AH 

061-439 3297 

WW - 024 FOR FURTHER DETAILS WW - 025 FOR FURTHER DETAILS 

30n 
70x30mm 
0.45Kg 

SOn 
80x35mm 

0.9Kg 

BOn 
90x30mm 

1 Kg 

120n 
90x40mm 

1.2Kg 

lXOll 
1X012 
1X013 
1X014 
1X015 
1X016 
1X017 

2X010 
2X011 
2X012 
2X013 
2X014 
2X015 
2X016 
2X017 
2X028 
2X029 
2X030 

3X010 
3X011 
3X012 
3X013 
3X014 
3X015 
3X016 
3X017 
3X028 
3X029 
3X030 

4XOIO 
4X011 
4XOI2 
4X013 
4XOI4 
4XOI5 
4XOI6 
4XOI7 
4X028 
4X029 
4X030 

SECONDARY RMS 
Volts Current 

9+9 1.66 
12+ 12 1.25 
15+ 15 1.00 
18+ 18 0.83 
22+22 0.68 
25+25 0.60 
30+30 0.50 

6+6 4.16 
9+9 2.77 

12+ 12 2.08 
15+ 15 1.66 
18+ 18 1.38 
22+22 1.13 
25+25 1.00 
30+30 0.83 

110 0.45 
220 0.22 
240 0.20 

6+6 6.64 
9+9 4.44 

12+ 12 3.33 
15+15 - 2.66 
18+ 18 2.22 
22+22 1.81 
25+25 1.60 
30+30 1.33 

110 0.72 
220 0.36 
240 0.33 

£+6 10.00 
9+9 6.66 

12+ 12 5.00 
15+ 15 4.00 
18+ 18 3.33 
22+22 2.72 
25+25 2.40 
30+30 2.00 

110 1.09 
220 0.54 
240 0.50 

PRICE 

£4.48 
+0.87pPI P 
+0.80p VAT 

£4.93 
+£llOPIP 

+0.90p VAT 

£5.47 
+£1.43PIP 
+£104 VA 

£6.38 
+£1. 43 PIP 
+£I.17VA 

SERIES SECONDARY RMS 
No. Volts Current PRICE 

5X012 12+ 12 6.66 
5X013 IS+ IS 5.33 

160n 5X014 18+ 18 4.44 £8.44 SX015 22+22 3.63 
liOx40mm 5X016 25+25 3.20 +£1.43PIP 

l .BKg 5X017 30+30 2.66 +£1.48 VAT 
5X018 35+35 2.28 
5X028 110 1.45 
5X029 220 0.72 
5X030 240 0.66 

6X014 18+ 18 6.25 
6X015 22+22 5.11 

225n 6X016 25+25 4.50 £10.06 6X017 30+30 3.75 
110x45mm 6X018 35+35 3.21 +£1.73PIP 

2.2Kg 6X026 40+40 2.81 +£1 .77VAT 
·6X028 110 2.04 
6X029 220 1.02 
6X030 240 0.93 

7X016 25+25 6.00 
7XOI7 30+30 5.00 

300n 7X018 35+35 4.28 £11.66 7X026 40+40 3.75 
JIOxSOmm 7X025 45+45 3.33 +£173PIP 

2.6Kg 7X028 110 2.72 +£2.01 VAT 
7X029 220 1.36 
7X030 240 1.25 

8X017 30+30 8.33 
8X018 35+35 7.14 

SOOn 8X026 40+40 6.25 £15.53 8X025 45+45 5.55 
140x60mm 8X033 50+50 5.00 +£2.05PIP 

4Kg 8X028 110 4.54 +£2.64 
8X029 220 2.27 
8X030 240 2.08 

LL.P. TOROIDALS 
Only half the weight and height of their laminated 
eqwvalents. in choice of 1 lOV, 220V, 240V primaries 
coded as follows: (Secondanes can be connected in series or 
taralle~ 

or 110 Primary insert 0 in place of "X" in type number. 
For 220V Pnmary (Europe) insert 1 in place of "X'' in type 
number. 
For240V Primary (U .K.)insert 2 in place of''X'' in type number. 
Example- 120VA240V 15+15V. 4A=42013. 

+ A NEW SERIES OF 
P.C.B MOUNTING 
LAMINATED TYPES 

TYPE SERIES SECONDARY RMS 
No. Volts Current 

P2401 3+3 0.50 
P2402 4.5+4.5 0.33 

3v.a P2403 6+6 0.25 
P2404 7.5+7.5 0.20 
P2405 9+9 0.17 
P2406 12+ 12 0.12 
P2407 15+ 15 0.10 
P2409 20+20 0.07 

P3401 3+3 1.00 
P3402 4.5+4.5 0.67 

6n P3403 6+6 0.50 
P3404 7.5+7.5 0.40 
P3405 9+9 0.33 
P3406 12+ 12 0.25 
P3407 15+ 15 0.20 
P3408 17.5+ 17.5 0.17 
P3409 20+20 0.15 
P3410 25 +25 0.12 

P4401 3+3 2.00 
P4402 4.5+4.5 1.33 

12n P4403 6+6 LOO 
P4404 7.5+7.5 0.80 
P4405 9+9 0.66 
P4406 12+ 12 0.50 
P4407 15+ 15 0.40 
P4408 17.5+ 17.5 0.34 
P4409 20+20 0.30 
P4410 25+25 0.24 

PRICE 

0.92p 
+24pPIP 
+17p VAT 

£1.91 
+£30pPIP 
+33p VAT . 

£2.09 
+58pPIP 
+40p VAT 

ABOUT THE . NEW LAMINATES 
LL.P. LAMINATED 
I.L.P _ printed -circuit mounted mains transformers have two 
independent primary windings which can be connected in 
series for 240·V or parallel for 120V operation. The two 
independeni secondaries can also be connected in series or 
parallel to give a wide range of output voltage/current 
configurations. All are wound on split bobbins, eliminating 
need for a inter-winding screen. Breakdown tested to 2000 
VAC minimum. 
'Regulation- 3VAtypically 21%; 6VA typically 15%; 

12VA typically 10% 

GOODS DESPATCHED 
WITHIN 7 DAYS OF 
RECEIPT OF ORDER · --------------------------
FOR SINGLE AND SMALL QUANTITY ORDERS. 

* Now turn to our ads. on pages 88 and 89 

* CUSTOMER DESIGN ENQUIRIES INVITED. QUANTITY PRICE LIST .A V JUL.ABLE. 
* FREEPOST F .ACILITY (U.K. only). Simply send your order in envelope to FREEPOST to 

address below. NO STAMP REQUIRED. 
* TO ORDER Enclose cheque/Postal Order/Money Order payable to l.L.P. Electronics Ltd or 

quote your ACCESS or BARCLA YCARD account No. To pay C.O.D. add £1 extra to TOTAL 
value of order. -

* .Also available from ELECTROV .ALUE and MARSHALLS. 

@ L F TRANSFORMERS<r~;"1:l"~i.,""rol 
FREEPOST 5, GRAHAM BELL HOUSE, ROPER CLOSE 
CANTERBURY CT2 7EP- Phone (0227) 54778- Technical (0227) 64723- Telex 965 780 

To: l.L.P~ ELECTROtliCS LTD. CANTERBURY CT2 7EP 
Please supply Transformer(s) ... .. _:. _ . ... ... No.(s) ... _ . . 

. Total purchase price £ . . 

I enclose Cheque 0 Postal Orders 0 International Money Order 0 
Debit my Access/Barclaycard Account No ...... . ... . 

NAME . 
ADDRESS . 

Signature. 
ww1 
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BULK EPROM 
PROGRAMMING 
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 -
program---: 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 

BULK EPROM 
ERASING 

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

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

.BULK EPROMS ~*'a~ o. · 
1-9 10-24 25-49 50-99 100 up t'.t 

2716 (450ns) £5.00 £4.50 £4.00 £3.55 £2.95 
(single rail) 
270.8 -(450ns) £3.90 £3.50· £3.10 £2.90 
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: 

Overseas customers, please telex or write for quotation and 
terms. 

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 
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~citif19 
Thevnew name in 
p er operational 

. amplifiers 
Apex Mlcrotechnology of Tuscon Al1zona, Whose proclue1S are available 
lhrouqh Pascali, offer a comprehensive range of hybrid power op amps 

wllh high Input sensltlvily and high voltage and current outpUts. 

High voltage-up to 280 volts output swing 
PA 08 PA 08A - Fet input 
PA 83 PA 83A - High accuracy 

Applications Features 
eHigh voltage instrumentation •Wide supply range - ± 15V to ± 150V 
•Programmable power supplies •Programmable output current limit 

up to 300V · (PA08 only). 
•Electrostatic deflection eLow bios current 
erest equipment • Protected output stage-Thermal shutoff 

• FUlly protected input- Up to ± 150V 

(PA83only) 

Send for full 
product listings of 
Apex Microtech's 
exciting 
product range 

Pascali Electronics Limited, ~~- ~~~s 
Hawke House, Green Street, ~~ 
Sunbury-on-Thames, ~ 
Middlesex TW16 6RA 
Telephone: 109327) 87418 Telex: _8814536 ------oef Stan 05-31 I 859000/CECC approved' 
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reprints 
if you are 'interested in a particu-lar article I 
special Feature or advertisement published in 

this issue ·of 

:WIREJ-.I;S$_WORLD 
Nhy not take advantage of our reprint service. 

Reprints can be secured at reasonable cost to 

your own specifications providing an attractive 

and valuable add it ion to your promotiona I 
material.- (Minimum order 250.) 

For further details contact 

Martjn Bloomfield, IPC Electrical-Electronic Pres 
Ltd. Phone 01-661 3036 or simp-ly complete 
and return the form below. 

---~------------~ To Martin Bloomfield, Reprints Department · · 
Quadrant House, The Quadrant 
Sutton, Surrey, SM2 5AS 

_I am interested in .•.•..• copies of the article I 
advertisement headed •.......... featured in 

WIRELESS WORLD 
un page(s) .... in the issue dated 

Please send me full details of your reprint service by 

return of post. 

Name 

Company 

Address 

Tel. No. 

WIRELESS WORLD JULY 1981 

BSR DE LUXE AUTOCHANGE~ 
' . Plays 12". 10" or 7" records, 

Auto or Manual. A high quality 
unit bllcked by BSR reliability. 
Stereo Ceramic Cartridge. AC 
200/250V. Size 13V2-11'.4in. 
3 speeds. Above motor board 
33/4in . Below motor board 2V2in. 
with Ceramic Stereo cartridge. 

~ lJ 
"' < 

., to,\ 

· .• ' ,,.._, I . 

\ ........... ~___..,./. a I 

£20 Post £2' 
Ready cut Mounting 

Board £1 extra 

WOOD PLINTH, TEAK EFFECT 
with board cut for B.S.R. (Post £1) 

PIONEER and J. V.C. etc. TEAK VENEERED PLINTH 

£4 

£4 

19 x 141f.!in. with Plastic Cover 173/4 x 13in £10.50 
Post£2 

TINTED PLASTIC COVERS Post £1.50 
Inside sizes: 14V2 x 12V2 x 3in. £4. 18V4 x 12.112 x 3in. £6. 
18 x 13% x 4in. £6. 17% x 9V2X 3V2in. £3. 

BSR SINGLE PLAYER 
BSR P200 2 speeds flared 
aluminium turntable 
"S" shape arm, cueing device, 

Less cartridge £27 
Belt Drive Post £2. 
BSR P1 72 RIM DRIVE · 
QUALITY DECK 
Manual or automatic play. Three speeds. 
Precision ultra slim arm. £20 
Cueing device. Bargain price Post £2 

~JW ~e~:alf~~'f!r s~~~~iePLAYER ideal for disco or 
small two-speed Hi·Fi system with stereo cartridge and 
cueing device. £17 Post £

2 
BSR ready cut mounting board. Only £1 extra. 

6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and 
Diamond Stylus, 3-speeds. Manual and Auto Stop/Start. 
Large Metal Turntable. Cueing Device and Pause Control. 
Ready cut mounting board £1 extra . £2 2 £2 

ELAC HI-FI SPEAKER 
Bin. TWIN CONE £5.95 
Large ceramic magnet. 50-16,000 c/s. 
bass resonance 40 c/s. 
8 ohm impedance, 10 watts 

10in. TWIN CONE 
POTENTIOMETERS Carbon Track 
51{) to 2~. LOG or LIN. LIS lOp. DP lOp. Stereo LIS £1.10. 
DP £1.30. Edge Pot 5K. SP 4&p. Sliders Mono liSp. Stereo 8&p. 

EMI131Jz x Bin. LOUDSPEAKERS 
·With tweeter and With tweeter and crossover. 
crossover. 10 watt. B ohm. 15 watts, 
3or8ohm. 

£10.95 
Post99p £9.50 

Post99p 
Basswoofer,EMI £10 95 
15 ohm. 20 watt. • Post 99p 
SUITABLE BOOKSHELF CABINET £10.50. Post t2 

Suitable for cassettes, and all sizes of tape 
reels. AC mains 200I250V. Hand held size 
with switch and lead. 

Will also demagnetise small tools £8 
Head Demagnetiser only £S Post 95p 

RELAYS. 12V DC £1.25. 6V DC 95p. 18V £1.25. 
BLANK ALUMINIUM CHASSIS. 6 x 4-£1.20; 8 x 6-£1.SO; 
10 X 7-£1.90: 12 X 8-£2,20; 14 X 9-£2.S0; 16 X 6-£2.40; 
16 x 10-£2.70. All21!2in. deep. 18 swg. 
ANGLE ALl. 6 x 3/4 x 3!4in.18swg. 2Sp. 
ALUMINIUM PANELS,18swg. 6 x 4-3Sp; 8 X 6-60p; 
14 X 3-SOp; 10 X 7-SOp; 12 X 8-90p; 12 X 5-60p; 
16 X 6-90p; 14 X 9-£1.20; 12 X 12-£1.30; 16 X 10-£1.40. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 X 4 X 1 V2 £1. 4 X 2112 X 2 £1. 3 X 2 X 
1 SOp. 6 X 4 X 2£1.30. 7 X 5 X 2112 £1.4S. 8 X 6 X 3£2.20. 10 
X 7 X 3 £2.S0.12 X 5 X 3£2.30. 12 X 8 X 1£3. All18swg. 
BRIDGE RECTIFIER 200V PIV 4 amp £1.SO. 8 amp £2.SO. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. 
RESISTORS.100to 10M.1!4W, V2W, 1W, 1p: 2W 10p. 
HIGH STABILITY. V2w 2% 10 ohms to 1 meg. Sp. 
Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p. 
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 1Sp 
PICK-UP CARTRIDGES SONATONE 9TAHC £2.50. 
BSR Stereo Ceramic SC7 Medium £2. SC8 High £2. 
PHILIPS PLUG-IN HEAD. AU1020 (G306- GP310- GP233-
AG3306- AG3310) £2. 
LOCKTITE SEALING KIT DECCA 1 1S. Complete £1. 
SOLDERING IRON 240V 40W. 5mm bit £2.9S. 

CAR SPEAKERS on Baffles 7 x 4112 x 1112in. deep, 4 ohms. 
Twin Units Bass and Treble 10 watts, RMS, Door Mount
ing. Stereo pair £14. Complete with black/silver fronts. 

IN-CAR GRAPHIC EQUALISER. Power Booster, Stereo 20 
watts RMS per channel, 5 sliders Graphic Equalisation 51f2 
wide x 71!2 deep x 2in. high. 12 volt D.C. suitable for Car 
Radio or Cassette £30. Post £1 .50. 

MINI-MULTI TESTER 
Deluxe pocket size precision moving ' 
coil instrument. Impedance + Capacity 
- 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 to 1 meg 

.• ohms in two ranges . . 

' · • . De-Luxe Range Doubler Model, 
£6.50 Post 65p SO,OOO o.p.v. £18.50. 7 x 5 x 2in. Post £1 

PANEL METERS £4 each 
50~-ta 1 00~-ta 500~-ta, · 

1 ma, 5ma, 50ma, 1 OOma, 

25 volt, 50 volt, VU Meter 

Facia 2% x 1% x 1 Y2in. 

Fixing hole 1 Yzin. dia. 

Lighting kit 6 or 12v 90p extra. 
1 ma (240° scale) 2%in. sq. £5 Post 65p 

RCS SOUND TO LIGHT CONTROL KIT 
Kit of parts to build a 3 channel sound to light unit £15 
1,000 watts per channel. Sultable·for home or disco. 
Easy to build. Full instructions supplied. Cabinet Post 95p 
£4.SO 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.SO. Post 65p. 

"MINOR" 10 watt AMPLIFIER KIT £14 
This kit is suitable for record pjayers, guitars, tape playback, 
electronic instruments or small PA systems. Two versions 
available: Mono, £14; Stereo, £20. Post 65p. Specification 
10W per channel; input 100mV; size 91!2 x 3 x 2in. approx. 
SAE details. Full instructions supplied. AC mains powered. 
In out 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 

MAINS TRANSFORMERS 
250-0-250V 70mA, 6.5V, 2A 
250·0-250V SOmA. 6.3V 3.5A. 6.3V 1A 
350-0-350V 250mA. 6.3V 4A. 4A CT. 5V 2A 
300-0-300V 120mA. 2x6.3V 2A C.T.; 6V 2A 
220V 45mA, 6.3V 2A 
GENERAL PURPOSE LOW VOLTAGE 

Post 
£4.50 £2 
£5.00 £2 

£14.50 £2 
£10.00 £2 

£2.50 £1 

Tapped outputs available 
2 amp. 3, 4, 5, 6, 8, 9, I 0, 12, 15, 18, 25 and 30V £6.00 £2 
1 amp. 6, 8, 1 o, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £8.00 £2 

BAKER 
50 WATT 
AMPLIFIER 
£69 Post£2 

WATTS 
30 
15 
30 
45 
80 
45 
75 

100 
100 
100 
100 
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Post £2 ea. 
TYPE PRICE 
HI-FI £12 
HI-FI £12 
HI-FI £20 

. HI-FI £20 
Hl-fl £34 
PA .£12 
PA £2.0 
PA £20 
PA - £28 
DISCO £20 
DISCO £28 

Ideal for Halls/PA systems, Discos and Groups. Two inputs. 
Mixer, Volume Controls, Master Bass, Treble and Gain. 
Special offer 
~OW MOBILE 12 volt DC 240 volt AC, 3 inputs £46IPP £2). 

BAKER 150 WATT MIXER/POWER 
AMPLIFIER Post£2 
Professional 4 inputs 4 
volume controls. Will mix 

~~~~~~~~~~.~t~~ical £Sg 

, -, . baker .... 
--- .. ·-- l 

, I ~ 2 I .~ - t1 
< t' urn. s.u ~ j.S 

100 watts Mobile 24 volt DC & 240 volt AC mains. Input 3 
mikes+ 1 music. 4-8-16 ohm+ 100 volt line £95 (PP£2). 

FAMOUS LOUDSPEAKERS 
11SPECIAL PRICES" 

Post £2 ea. 
MAKE MODEL SIZE WATTS OHMS PRICE 
SEAS TWEETER 4in 50 8 £7.50 
GOOD MANS TWEETER 3'nin 25 8 £4.00 
AUDAX TWEETER 33f4in 60 8 £10.50 
SEAS MID-RANGE 4in . 50 8 £7.50 
SEAS MID-RANGE Sin 80 8 £12.00 
SEAS MID-RANGE 4'nin 100 8 £12.50 
GDODMANS FULL-RANGE S'nin 15 8 £6.50 

, GOOOMANS FULL-RANGE Bin 30 8 £9.50 
GOOD MANS AUDIOMBp Bin 15 15 £8.50 
SEAS WOOFER Bin 30 B £14.00 
CELESTION DISCO 10in 20 8/16 £11.50 
CELESTION DISCO 10in 60 B/16 £21.50 
RIGONDA GENERAL 10in 15 8 £5.50 
GOODMANS AUDIOM PG 12in 60 8 £20.00 
GOODMANS PP12 12in 75 8/15 £24.50 
GOODMANS AUDIOMP 12in 50 8/15 £20.00 
GOODMANS GR12 12in 90 B/15 £27.50 ~ =~~: ~: ~: 18: g: l~: l~: ~8: ~:: ~8: ~~: :8::: ~g £~:~g g 

Uf~~g~t· 12
• 
16

• g:~go·{gro· 36
. 
40~~J~v. 6ov, Ia £iHi i~ r--B-A_TT_E_R_Y_E_L_I_M_I_N_A_T_O_R_M_A_I_N_S_t_o_9_V_O_L_T_D_.-c-.-

10-0-IOV 2a £3.00 £1 10V, 30V, 40V, 2a £3.60 £1 Stabilised output, 9 volt 400 m.a. U.K. made in plastic case 
30V, 5a and 2 of 28 volt Ia £6.00 £2 • with screw terminals. Safety overload cut out. Size 5 x 3V4 
17-0-17V 2a £4.00 £2 20V, 1a £3.00 £I x 21hin. Transformer Rectifier Unit. Suitable Radios, gJ,· :a 1 0

• 
16v, 'Vza g:gg ~~P ~?~9%~':;,! a ~Ug ~P Cassettes, models, £4.50. Post ssp 

~g~·m'a28 g::g ~l ~2~6~f~v.62a £g:gg g t-~D:-::E::-i.-u-x'""E-:S-W-IT __ C_H_E_D_M_O-DE_L_S:....T_A_B_IL-IS_E_D_V_O_L_T_A_G_E_S_ 
6V 1!.!s £2.00 £1 9V, 1;4a £USO BOp 3-6-71.'.1-9 volt 400ma DC max. Universal output plug and lead. Pilot 
15-0-ISV, 2a £3.76 £1 32-0-32V, &112a £11.00 £2 light, mains switch. polarity switch £7.50. Post 65p. 

AUTO WOUND IISV to 240V 150W £8 400W £10 SOOW £12 £2 

CHARGER TRANSFORMERS Post RECTIFIERS Post 

6·12 volt 3a 
6-12volt4a 

£4.00+£2 
£8.60+£2 

OPUS COMPACT 
SPEAKERS 
FLUTED WOOD FRONTS 
TEAK VENEERED CABINET 
11xBV2x7in. 4 or 
50 to 14,000 cps. 1.5 watts 8 

£20 ir Post £2 

6-12 volt 2a 
6-12 volt 4a 

LOW'VOLTAGE ELECTROLYTICS ALL 10p 
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47 
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/ 
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/1Sv; 220 
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680 
mf/6v/1 Ov/16v; 1000 mf/2 .5v/4v/1 Ov; 1500 mf/ 
6v/10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 
4700 mf/4v. ALL 10p. 
500mF 12V 1Sp; 25V.20p; 50V 30p. 
1 OOOmF 12V 20p; 25V 3Sp; 50V SOp; 1 OOV 70p. 
2000mF 6V 25p; 25V 42p; 40V SOp; 1200m F 76V SOp. 
2500mF 50V 70p; 3000mF 50V 6Sp; 2000mF 1 OOV £1. 
4500mF 64V £2. 4700mF 63V £1.20. 2700mF/76V £1. 

HIGH VOLTAGE ELECTROLYTICS 
8/450V 45p B+81450V 7Sp '32+32+ 16/350V 90p 
8/800V £1.20 8+16/450V 7Sp 100+100/275V SSp 
16/350V 4Sp 20+20/450V 7Sp 150+200/275V 70p 
32/500V 75p 32+32/350V SOp 220/450V 95p 
32/350V SOp 32+32/500 £1.80 80+40/500V £2 
50/500Y £1.20 5.0+50/300V 50p 

VALVE OUTPUT Transformers (small) 90p. 
TRIMMERS 10pF, 30pF, 50pF, Sp.100pF, 150pF, 1Sp. 
CAPACITORS Various 1 Opf to 1 OO,OOOpf Sp. 
PAPER 350V-0.1 7p; 0.5 13p; 1 mF 150V 20p; 2mF 150V 20p; 
SOOV-0.001 to 0.05 12p; 0.1 1Sp; 0.25 25p; 0.47 3Sp. 
MICRO SWITCH SINGLE POLE CHANGEOVER 30p. 
SUB-MIN MICRO SWITCH, 30p. Single pole changeovt!r. 
TWIN GANG, 120pF SOp: 500pF £1. 
GEARED TWIN GANGS 25pF 95p. 365pF £1. 
GEARED 365 + 365 + 25 + 25pF £1. 
TRANSISTOR TWIN GANG. Japanese Replacement SOp. 
NEON PANEL INDICATORS 250V 30p. . 
ILLUMINATED ROCKER SWITCH. Single pole .. Red 6Sp. 
CASSETTE MOTOR. 6 volt £1 

CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm £1.90. 
3-way 950 cps/3000 cps. 20 watt rating. £2.20. 
LOUDSPEAKER BARGAINS 
3 ohm, 4in, 5in, 7x4in, £1.SO; 611:1in, 8x5in, £3; Bin, £3.50. 
8 ohm, 2%in, 3in, Sin, £1.SO; SV2in, £3; Sin, £4.SO; 12in,£8. 
15 ohm, 3V2in, 5x3in, 6X4in, £1.50. 
2S ohm, 3in, 5x3in, 7x4in, £1.S0.120 ohm, 3%in dia. £1.SO. 
MOTOROLA PIEZO ELECTRIC HORN TWEETER £5.00 
Handles 100 watts. No crossover required. 4-8-16 ohm. 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job. Size 61/4 x 43/4 >< 2in. £1.50 

ECHO CHAMBER or REVERB 
Good quality unit with end
less play tape cartridge. 
Stationary play heads ensure 
good reproduction arid echo 
variance is achieved by 
changing tape speed. Input 

.imp: SOk and 600 ohms. 
Power: 240 volts A. C. 

£68. Post £2. Spare tape £5. 

ALUMINIUM HEAT SINKS. 6W'x2"x2W' SSp. 
JACK PLUGS Mono Plastic 25p; Metal30p. 
JACK PLUGS Stereo Pla!itic 30p; Metal 35p. 
JACK SOCKETS. Mono Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mm and 3.5mm JACK SOCKETS 20p. 
2.Smm and 3.Smm JACK PLUGS 20p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, S-pin 10p. Free Sockets 3-pin, 5-pin 25p. 
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phone Plugs ea. 15p. 
TV CONVERGENCE POTS 1Sp each 
Va lues = 10, 20, 50, 100,200,250,470,2000 ohms. 

·DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy 
to build k1t. Cent lOIS up to 480 watts AC mains £3. Post 6 5p. 
DE LUXE MODEL READY BUILT 800 watts. plus Photo 
Electnc >unset .. On ' feature. Front fllate hts standard box £4. 

CASSETTE MECHANISM. 12v Stereo Playback only fS 
U.H.F. COAXIAL CABLE SUPER LOW LOSS. 2Sp yd. 

RAo•o coMPoNENT·sp·EcrAiisrs ~~~H~~~!!~.~d~~:!!AJ!:.~:.?.~-~-ON 
Radio Books and Components Lists 30p. (Minimum post/packing charge SSp.) Access or Barclaycard Visa. Please Tel: 01 -S84 1SS5 for same day despatch. Cash prices include VAT. 
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New ceramic construction, heavy duty brush as
sembly, continuously ratM. 
25 WATT 10/2550 100/150/250/500/1Kfl1.5kfl 
£2.80. Post 30p (£3.56 inc. VAT & P) . 

50 WATT 250fl £4.50. Post SOp (£5.75 inc. VAT & P) . 

100 WATT 1/5/10/25/50/100/250/300/500/1 kfl/1.5kl1/2.5kn! 
5kl1/3.5kl1 £6.90. Post 75p (£8.80 inc. VAT & P) 

Black Silver Skirted Knob calibrated in Nos. 1-9, 1112in dia . brass 
bush. Ideal for above Rheostats 24p ea. 

SOLID STATE E.H.T. UNIT 
Input 230V A. C. Fully isolated. Approx. 15KV. Built-in 10 sec. Timer. 
Easily modified for 20 sec. 30 sec. to continuous operation . Size 
155x85x50mm. Price £5 + 75p P&P. (Total inc. VAT £6.61) . 

MINIATURE SOLENOID FLUID VA~LII= ./ 
~teveP~6J~h~t~oi~~r?~~:''¥!~~s;giu~~;~nl~~ 0 

B.S.T. inlet and outlet. Size : 5Bx27x25mi'T'. 
Weight : 130gr. Price: £2.60 + 35p P&P (Total 
inc. VAT£3.39) -· 

METERS (New) - 90mm DIAMETER e :g O:!lf.'o~i~~ .6li~~e·. 6~goeA. 0-10A. 0-20A. soA. , • -
DC Amp. Type 65C50-5A, 0-10A, 0-50A. DCVoh. 15V, 30V. 
All types £3'.60 ea + P&P 75p (£5.00 inc. VAT) except 0-SOA DC, 0-
100A DC. Price £5.00 plus 75p P&P (£6.61 inc. VAT) . ' 

ULTRA VIOLET BLACK LIGHT [t]~ 
FLUORESCENT TUBES 
4ft 40 watts £8.70 inc. VAT £10 (callers only). 
2ft 20 watts £6.20. Post £1.25 (£8.57 inc. VAT & P) . . 
(For use in standard bi pin f ittings) . 
12in 8watt£2.80. Post45p (£3.75 inc. VAT & P) . 
9in6watt£2.25. Post 45p. (£3.10 inc. VAT & P). 
6in4watt£2.25. Post45p (£3.10 inc. VAT & P). 
Complete ballast unit for either 6V, 9V or 12V tube 230V AC op. 
£4.50 Post 55p (£6.81 inc. VAT & P). Also available for 12V l)C £4.50 
Post 55p (£6.96 inc. VAT & P). 
400W UV LAMP AND BALLAST complete £38.00 Post £3.50 (£47. 73 
inc. VAT & P). 400 WATT UV LAMP only £14.00. Post £2.00 (£18.40 
inc. VAT & P). 

SANGAMO WESTON TIME SWITCH 
Type S251 200/250 AC 2 on/2 off every 24 hours. 20 amps contacts 
with override switch. Diameter 4" x 3", price £8.50 P&P £1.00 
(£10.93 inc. VAT & P). Also ava ilable with solar dia . R&T. 

VEEDER-ROOT PRE-SET COUNTER 
Type MG 1636 3 fig. countdown any number from 999 to 001 230V 

~~~uTt~h;;' csoe~~2ti~~a~fe~:~~t~~;;~.s~ii~~~ t~i~:~r~~~~r~~l 
65mm. Dpth . 70mm. Price £4.00 + 75p P&P (Total incl. VAT £5.46). 

VARIABLE VOLTAGE TRANSFORMERS 

INPUT 230/240V a .c. 50/60 OUTPUT 0-260V 
200W 1 amp inc. a.c. voltage £14.50 
0.5 KVA (21/2 amp MAX) £18.00 
1 KVA (5 amp MAX) £24.00 
2 KVA (10 amp MAX) £39.00 
3 KVA (15 amp MAX) £47.00 
5 KVA (25 amp MAX) £76.00 
10 KVA (50 amp MAX) £163.00 
15 KVA (75 amp MAX) £260.00 

3-PHA~E VARIABLE VOLTAGE TRANSFORMERS 
Dual input 200 -240Vor 380-415V. Star connected 
3 KVA 5 amp per phase max £106.43 
6 KVA 10 amp per phase max £159.37 Carriage, packing 
10 KVA Hlamp per phase max £327.43 & VAT extra 

L T TRANSFORMERS 
13.0 13V at 1 amp£2.80 P&P75p (£4.08 inc VAT). 
0.15V at 12 amp. 0.30V at 12 amp £20.40 P&P £2.3 (£26.11 inc VAT 
&P). 
0.6V/12Vat20 amp £16.20 P&P £2.00 (inc VAT£20.93). 
0.12V at 20 amp or 0.24V at 10 amp £14.90 P&P £2.00 (£19..43 inc 
VAT & P). . 
0.6V/12V at 10 amp £9.10 P&P£2.00 (inc VAT £12.76). 
0.6V /12V /17V /1 BV/20V at 20 amp £20.90 P&P £2.00 (£26.68 inc VAT 
&P). 
0.10V/17V/18V at 10 amp £11 .55 P&P £2.00 inc P&P (£15.58 inc 
VAT). 
Other types in stock, phone for enquiries or send SAE for leaflet. 

FROM STOCK AT PRICES 
THAT DEFY COMPETITION 

AC GEARED MOTORS 
DC MOTORS 
MICROSWITCHES 
RELAYS 
REED SWITCHES 
SOLENOIDS 

PROGRAMME 
TIMERS 
C.F. BLOWERS 
AC CAPACITORS 
STROBE KITS 
FLASHTUBES 
CONTACTORS 

Phone in your enquiries 

WIRELESS WORLD JULY 1981 

INCREDIBLE OFFER • 
Geared Motor 120 r.p.m. 1/10 h.p. approx. . , '\ - --
151b 1n. 230V AC. Cont. Rating. Non-reverSI- ~ • . - -
ble. Size 150mm by 90mm by 85mm. Spindle ~ 
Smm dia. 30mm long. Complete with capaci- : ~ . 
tor and relay for max. load starting. Offered at • 
mere fract ion of mfrs. price. £11.50 incl. P&P and VAT 

N.E.C. GEARED MOTOR. 152 R.P.M. 2001b. Inch 230 AC 50hz. Ratio 
9.2 to 1. Non-reverse incl. caoacitors. Fraction of maker's orice 
£35 P&P £4 (£44.85 inc. VAT) . Also available 230 AC 60hz 182 
R.P.M. 200ib. in as above N.M.S. 

REVERSIBLE MOTOR. 42 rpm ttOV AC 100ib. in. Wi ll operate on 
230V AC. Speed remains at 42 rpm but torque reduces by SOP. 
Price £16.50 + £2.50 P&P. (Total incl. VAT £21.28). 

ROTARY CARBON VANE VACUUM & 
COMPRESSOR 
Direct coupled to 1/3 h.p. 110/ 115V AC Motor 4.2 amp. 1380 rpm. 
Motor manu!. by A.E.I. Pump by Willia ms. Max. Vac. 2566 H.G. 
Max. pressure cont. 10 p.s.i. int. 15 p.s.i. Max. airflow 3 c.f.m. at 
66066 H.G. Price£30.00 + P&P £4.00 (£39.10 inc VAT). N.M.S. 

Suitable transformer for 240V op. £10.00 P&P £2.00 (£13.80 incl. 
VAT) . N.M.S. 

WATER PUMP 
Mfg. by S.P.A. Asta-isi of Italy. 220/240v AC 50 hz. 2800 R.P.M. 
approx. 1 /3ho. CentrifuQal pump with 1112" inlet/outlet. Delivery 
approx. 40 gals per min. at 101bs head. (Non-self-priming). Price 
£16.50. P&P £2.50 (£21.85 inc. VAT). N.M.S. 

HY-LYGHT STROBE KIT Mk IV 
Approx. 4 joules. Adjustable speed. Price £27 + £2 P&P. (Total inc. 
VAT £33.36). Case and reflector price £9 + £2 P&P. (Tota l inc. VAT 
£12.65). Foolscap s.a.e. for further details including Super Hi
Lyght. 

INSULATION TESTERS-OVEWJ 

r:s"a~~L !~.50S A';'eio~ls1~:~-0~6tis£~.gg0l1 
£55.00 P&P £2.00 (£65.55 inc. VAT & P). SAE 
for leaflet. 

TIME SWITCH VENNER TYPE ERD 
Time switch 200-250V a. c. 30 amp contact 2 on/2 off 
every 24 hrs. at any manually pre-set time 36 hour 
spread reserve and day omitting device. Built to 
highest Electricity Board Specification. Price £10.00 
P&P £1.50. (£13.23 inc. VAT). R&T. 

SUB-MINIATURE PRECISION BUlL T GEARED 
3-9v. D.C. Operation. Speed 2-6 R.P.M . Cur-
rent consumption incredibly ONLY 2-5 MA. 
Ratio 1670-1. Torque approx 21b inch plu.s. . .~_ ( . ~-
Motor: German. Gearbox : Swiss. Size : L. ( -"'"""':"'.::...:.:_~'- < 

48mm. Dia . 16mm. Shaft L. Smm. Shaft d1a . ---. 
2mm. Weight 30 gm. Price £8.50 inc. p&p 
(Total inc VAT £9.78). 

N.M.S. -New Manufacturers' Surplus. ..,..____ ______ SER~·ICE TRADING co·l....;,;,o;;,;,R&T..----Recon .......... ditioned--..;.;;;andTes-.;;,_ted. ----4 
All Mail Orders - Callers 1¥ Personal callers only. Open Saturdays 

Ample parking space 57 BRIDGMAN ROAD, CHISWICK, LONDON W4 588, 01-995 1560 9 Little Newport Street 
London WC2H 7JJ 

Showroom open Monday-Friday ACCOUNT CUSTOMERS MIN. ORDER £10 Tel: 01-437 0576 

PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

Stripline rTi)ower amp-Sept. 1 97 5-1 d.s . . ..... .. . 

Audio compressor/limiter - Dec . 197S-1 s .s. (stereo) 
F .m. tuner (advanced)-April 1 976-1 s .s . 

Cassette recorder-May 1976-1 s .s . 

Audio compander-July 1976-1 s .s . 

Time code clock-August 1 g76-2 s .s. 3 d.s . 

Da te, alarm, b .s .t . switch - June 1977-2 d .s . 1 s.s . 

Audio preamplifier-November 1 976-2 s .s . 
Additional circuits - October 1977-1 s .s. 

Stereo coder-April 1977-1 d .s. 2 s .s . . .. . ... . 

£5.00 
£4:25 
£5.00 
£5.00 
£4.25 

£15.00 
£9.50 
£8.50 
£4.00 
£8.50 

Morse keyboard and memory-January 1.977-2 d.s . 

(logic board 1 OV.. in . x 5in .) (keyboard and matrix 13in . x 1 Oin.) £14.00 
Low distortion disc amplifier (stereo)-September 1 9 7 7-1 s .s . . . · £2 .. 00 
Low distortion audio oscillator-September 197 7 - 1 s.s . £3.50 
Synthesized f .m . transceiver-November 1 S77-2 d.s . 1 s .s . £12.00 . 
Morsemaker-June 1 978-1 d .s . £4.50 
Metal detector-July 1978-1 d .s . . . . . . . . . . . . . £3.75 
Oscilloscop-e waveform store-October 1978-'4 d .s . £18.00 
Regulator for car C~lternator-August 1978-1 s .s. £2.00 · 
Wideband noise reducer-November 1 9 7 8-1 d .s. £5.00 
Versat i le noise generator-January 1979- 1 s .s . £5 .. 00 
200M Hz frequency meter - January 1979-1 d .s. £7.00 
High performance preamplifier-February 1 97 9-1 s .s. £5.50 
D1stort1on meter and oscillator - July 1979-2 s .s . £5.50 
Moving coil preamplifier-August 1 g 7 9-1 s .s. £3.50 
Multi-mode transceiver-October 1979-10 d .s . . . £35.00 
Amplification system - Oct. 1979- 3 preamp 1 poweramp £4.20 each 
Digital capacitance meter- April 1980-2 s.s. £7.50 
Colour graphics system-April 1980-1 d.s . £18.50 
Audio spectrum analyser-May 1980-3 s .s £10.50 
Mul1i-section equalizer-June 1980-2 s.s . £8.00 
Floating -bridge power amp-- Oct 1 980 ...:.._ 1 s .s . ( 1 2V or 40V) £4.00 
Nanocomp -Jim . 1981- 1 d.s . 1 s.s. £9.00. 
Logic probe- Feb. 1981 - 2 d .s . £6.00 
Modularfrequency counters-March 1981 - 8 s.s. . £20.00 
Opto-electronic contact breaker (Delco)-Apri) 1981 - 2 s.s .. . £4.00 

Boards are glassfibre , roller-tinne.d and drilled . Prices include 
V.A .T. and U.K . postage. 

A1rmail add 20%, Europe add 10%, Insurance i 0% . 
Remittance with order to : 

M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 

2708 
4116 
SFF96364 
6402 

£1.99 
£1.99 
£8.00 
£5.00 

2716 
4027 
6821 
6800 

80 0.1" Pitch edge connector 
(NASCOM & 77/68) 

SEND/PHONE FOR EXTENSIVE 

special offer 
LISTS 

£2.99 
£0.45 
£3.10 
£4.99 
£2.30 

74LS,6800,6502,Z8~6809 
CONNECTORS, CRYSTALS, SWITCHES, 

DISK DRIVES, MEMORIES 

''LOW PRICES" 

CO NT IN 
MAINS ISOLATORS 

Pri .0--120,-0:1ci0-120V (i20, · 22o~:246v'J . sec 
so: 55-0-55-60- tW-ice, to give 55, 60:·1 t'o·. 115. 
120. 125. 175. 180. 220. 225. 230, 235, 240. 

l!ef. '!'A (Watts) £ PS.P 
OH 20 4.84 1 .20 
149 60 7.37 1.20 
150 100 8.38 1.44 
151 200 12.28 1.72 
1 52 250 14.61 2 04 
153 350 18.07 2.12 
154 500 22.52 2 .20 
1 55 750 32.03 OA 
1 56 1000 40.92 OA 
157 1500 . · 56.52 OA 
158 2000 67.99 OA 
1 59- 3000 95.33 OA 

*11'5 or 240~- sec only. State .voits 

required. Pri. 0.220-240V . · 

30 VOLT RANGE (Split Sec) 
Pri 220-240V. Voliages available 3: -4~:"'5._6_." 
8, 9, 10. 12, 15. 18. 20:24. 30V or 1 2V-0-1 2V 

and 15V-0-1 5V 50 
Pri 220--240V. Voltages available 5, 7, B, 10, 13, 
15; t7 , 20, 25, 30, 33, 40 or 20V-0-20V and 
25V-0--25V. 

- An1pa 
Ref. 30v 15v £ 
1 12 .5 1 2.90 

Ref. 
102 
103 
104 
105 
106 
107 
118 
119 
109 

Amps 
50v 25v 
.5 1 
1 2 
2 4 
3 6 
4 8 
6 12 
8 16 

10 20 
12 24 

£ 
3.75 
4:57 
7.88 
9.42 

12.82 
16.37 
22.29 
27.48 

. 32.89 

60VOLT 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-0-30V 

Ret •. .:n~ov 
124 .5 1 
126 1 2 
127 2 4 
125 3 6 
123 4 8 
40 5 10 

120 6 12 
121 8 16 
122 10 20 

obw 
64W 

4W 
65W 
69W 
67W 
84W 
95W 

.5-0-7.5V( 
P&P 

.52 

.90 

.90 

.99 
1.10 

AVO TEST METERS 
Latest ModelS Mk. 5 £116.40 
71 Electronics £45.80 
73 TV Service £63.90 

P&P 
1.20 
1 .20 
1.44 
1.60 
1.72 
1.84 
2.20 

OA 
OA 

79 1 2 3.93 
3 2 4 6.35 

20 3 6 7.39 
21 4 8 8.79 
51 5 10 10.86 

11 7 6 12 1 2.29 
88 8 16 16.45 
89 10 20 18.98 
90 1 2 24 21 .09 
9 1 1 5 30 24.18 
92 40 32.40 

Ml RES Pri 
mA · Sec Volts £ 

200 3-0-3 2.83 
1A, 1A 0-6.0-6 3.14 
100 9-0-9 2.35 
330, 330 0 -9. 0-9 2 .19 
500, 500 0 -8 -9. 0 -8-9 3 .05 
1A, 1A 0-8-9,0-8-9 3.88 
200.200 0-15.0-15 2.19 
SOMA 1 2-0-1 2 2 .88 
300.300 0 -20 . 2-20 3.08 
700 (DC) 20-12-0-12-20 3.75 
1 A , 1 A 0-1 5-20 . 0-1 5 -20 5.09 
500,500 0-15-27,0-15-27 4.39 
1A. 1A 0-15-27,0-15-27 6.64 

OTRA MERS 
Voltages available 105, 11 5, 190, 200, 210 , 220, 
230, 240, Voltages for step up or step down . 
Ref. VA (Watts) TAPS £ _-
113" 15 0 -115-2 10-240V 2.17 

64 . 80 0 -115-21 0-240V 4 .41 
4 150 0 -115-200 -2 20-240V 5 .89 

67 500 12.09 
84 1 000 20.64 
93 1500 25.61 
95 2000 38.31 
7 3 3000 65.13 

80s 4000 0 -10-1 15-200-220-240 84.55 
57s 5000 .. .. 98.45 OA 

• 0, 115, 220, 240 Step Up or Step Down • -

CONSTANT VOLTAGE TRANSFORMERS± 1% 
For 'clean ' mains to computers, peripherals. 

250VA 
500VA 
1kVA 
2kVA 

£95.oo + P.oW: -
£127.00 p&p :' .. ~ •nts for 
£147.00 + I '3alatrek 
£229.00 VAT t;.V.Ts 

I . 
SPLIT BOBBIN TRANSFORMERS 

Pri 0-115; x2 (70010). Sec voltages available : 3, 4, 5, 6, 8, 9, 
10, 12, 15, 18, 20, 24, 30V, or 12-0-1 2V or 15-0-15V. 1 Amp 
£2.06 t- 98p p&p + VAT. 2 Amps £4.11 + £1.20 p&p + VAT. 

End of line offers - M679 120V-2; 36V 1 6A £3 pp 78p + 
VAT. BE7 0-110-120 220 240V 'Sec 20V 1 Amp £1 .80. P&P 
32p + VAT 

MM 5 Ml NOR £40.50 f-,;-~=~~=::::::--::::::';:;:'":-:::-::-:-"""7::=:--::-::::-=:::-;-:-: 
DA211 LCD Digital £57.00 
DA212 LCD Digital £74.00 
DA116 LCD Digital £121.70 I----~;:;"JJ-=-=-:-~;;-:=:=~~-----
Megger70143500v £97.20 
Megger Battery £65.30 

Avo Cases and Accessories 
P&P£1 .32. VAT15% 

BRIDGE RECTIFIERS 
2A 45p 
1A 25p 
2A 55p 
25A+ £2.10 
4A 65p 
4A 85p 
SA £1 .40 

500v 12A £2.85 
P&P 20p . VAT 15% 
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MICRO TIMES 
19 Mill Street, Bideford, North Devon, EX39 2JR 
Telephone Bideford (023-72) 79798 Dept. WWI 

***THIS MONTH'S SUPER SAVERS*** 

MEMORIES 

2114450ns 
2114300ns 
From TOSHIBA TC5514P 

1+ 25+ 
£1 .35 £1.30 
£1.45 £1.40 

4K CMOS RAM (1 k x 4) 450ns 
CMOS RAM 5101 

£3.65 £3.45 
£3.45 £3.40 

6809 Single Board Computer *kit* 
Complete kit £160 plus 15% V.A.T. £1 P. & P. 
Uses Motorola's powerful MC6809 CPU. 
4K/8K/16K ROM 2K RAM, ACIA, PIA, 8080, 
simulated l/0, RS-232 Handshake. 8-sel. Baud 
Rates. Manual·includes: 11 x 17in. Schematic 
Parts List. User notes. Software listings and 
more! 
Bare Board £48** 
Uses 6809; 6850:6821 -
buy set for £18.50. 
ADMONS (2716) £24.00 
Data available. S.a.e. please. 

Low Profile THYRISTORS D/FaceWipe C106D DIL Sockets 
40 pin 39p 
28 pin 29p 

Tlls 24 pin 25p 
22 pin 24p TiL32 
18 pin 20p TIL209 red 
16 pin 18p TIL232 green 
14 pin 16p TIL212 yellow 
Bp1n 12p TIL216 red 
Quantities 100- TIL228 red 
DiscountS% TIL220 red 

TIL 224 

28p 

45p 
10p 
18p 
16p 
18p 
20p 
12p 
18p 

LINEARICs 
NE555 18p 
NE556 SOp 

TIL31 
TIL312/3 
TIL321/A 
TIL330/A 

£5.50 
£1 .00 
£1 .15 
£1.15 

RC4136 65p 
LM301AN 26p 
LM311P 48p 

CPUs LM318 £1 .50 

4116 200ns 
4116150ns 
HM 6116P-3 (16k 150ns) 

EPROMS 
2708 450ns 
2716 450ns 
27321ntel type (each) 
Buy 5 off for 

AY-3-8910 

1+ 25+ 
£1.35 £1 .30 
£1.70 £1 .65 

£15.50 £15.25 

£2.55 £2.50 
£3.00 £2.95 

£9.90 
£49.00 

Gl SOUND COMUTER CHIP 
Features : 
- Full software control of sound gene ration 
- Interfaces with most 8-bit and 16-bit 

m icroprocessors 
- 3 independently programmed analog out

puts 
- Two 8-bit general-purpose 1/0 ports 
- Single + 5-volt supply 

** SPECIAL PRICE £6.95** 
Data £1 . Large S.A.E. please 

INTERSIL ICL 7660 

FEATURES: 

Voltage Converter 
Now ex-stock 

£2.25 

*Simple conversion of + 5V Logic 
supply to ± 5V supplies 

*Simple voltage multiplication (V out= 
('-- ) n. Vin) 

* 99.9% typical open circu it voltage 
conversion efficiency 

* 98% typical power efficiency 
*Wide operating voltage range 1.SV to 

10.0V "' 
*Easy to use, requires only 2 external 

non-critica l components 

DATA AVAILABLE SOp 
S.A.E. please 

JUST ARRIVED FROM VERO 
LM324N 43p 6502 
LM 339N 43p 6504 

£5.45 S100 Prototyping Boards 
£7.25 Microboard Pattern 06-2175L £16.40* 

LM 348N BOp 
LM 358P 40p 
LM380 65p 
LM3900N 48p 
LM3914 £2.10 
LM 3915 £2.10 
LM 13600 £1.20 
SN 76477N £1 .70 
LM741 15p 
UA709 30p 
UA733 75p 
UA747 BOp 
UA748 30p 
TL074CN £1 .25 
TL081CP 40p 
TL082CP 70p 
TL084CN £1 .00 
LM3302 95p 
TL490 £1.10 
1488 75p 
1489 75p 
8T26 £1.50 
8T28 £1 .50 
BT95 £1.50 

ENCODER/ 
TRANSMmER 
LM1871 £1.90 

RECEIVER/ 
DECODER 
LM1872 £1 .90 

6802 
6809 
8080A 
BOSSA 
Z80 
ZBOA 

SUPPORT 
DEVICES 
6520 
6522 
6532 
6810 
6821 
6845 
6850 
6852 
8212 
8216 
8228 
8255 
ZSOCTC 
ZBOPIO 
ZBOACTC 
ZBOA PIO 
ZBODMA 
Z80ADMA 
Z80S10/0 
Z80AS10/0 
zao s1011 
Z80AS10/1 
ZBOS10/2 
ZBOAS10/2 

£~:~~ Square Pad Universal Pattern 06-2338F £
16

_
40 

££4
6 

.. 
4
15
5 

Prototyp i ng Board for your APPLE/ITT 
£5.45 2020 £8.37* 

£6.45 

£3.15 
£5.60 
£7.75 
£2.50 
£1.90 

£15.00 
£1.95 

FLOPPY DISC CONTROLLERS 
FD1771 £19.50 
FD1791-2 £32.00 
WD1691D £14.50 
WD2143-01 £5.00 
*SPECIAL Complete Packing £50 
includes FD 1791 -2 + WD1691D 
+ WD2143-01. 
Set of Data on the above £3 

g~~ 1---------------· 
£1.75 
£3.95 
£4.10 
£4.25 
£4.25 
£5.40 
£5.40 

£16.00 
£18.00 
£18.00 
£24.00 
£18.00 
£24.00 
£18.00 
£24.00 

COMBO CHIPS 
Intended for ZSO Usage 
zao Combo Chip (MK3886), 2112 meg. £25.00 
Z80A Combo Chip (MK3886N-4), 4 meg.£2

9
_
95 

ANTEX SOLDERING IRONS 

Model ex. 17W £4.25 
Kit SK.1 15W £6.00 
inc. base/stand & solder. 

Kit SK.3 17W £6.00 

VOLTAGE 
REGULATORS 

1A 
1--------J ~~ -~~-~d2~f4 complete with stan~~-OO 

7805 sv 55p 
7812 12V 55p 
7905 sv 60p 
7912 12V 60p 

100mA 
78L05 5V 29p 
78L 12 12V 29p 

500mA 
79M12 12V 64p 
79M05 SV 64p 
723 32p 

· SN 76477N £1 .70 
A single chip versatile 
SOUND EFFECTS 
GENERATOR SN76477N 
is ideally suited for 
applications such as 
arcade or home video 
games, alarms, sound 
effects boxes and toys. 
DATA £1.25. 
SOp large S.A.E. 

MLX Repair Kit can be used where no 
mains elec. is available £4.80 

VEROBLOC SOLDERLESS BREADBOARD 
360 reliable contacts 

Will accommodate any size of IC. Can be fully 
interlocked, one with another. 
SPECIAL PRICE £3.55 

KITS FOR BEGINNERS 
AROUSE THE MICROCHIP INTEREST IN THE YOUNGSTERS STARTER K:TS 

ULTRONIC FLY 
REPELLER 

A must for campers 
Features: 
- LED indication 
-Pocket-size case 
-Low power consumption 
Kit + all parts + case with in
structions for easy assembly. 
Battery not incl uded 

£4.50 

LIGHT ACTIVATED 
SWITCH 
Used for automatic lighti ng 
control , elec . appliance 
control, electron ic gun burglar 
alarm and auto-open door 
system. 
Switch on/off 200W. elec. ap
pliances. 
Kit + parts + instructions for 
easy assembly. 

£3.50 

ORDERING INFORMATION 

ELECTRONIC 
WHEEL OF 
FORTUNE 

Fun Kit 
Easy to assemble. 
Case included. 
Wonderful game. 

£5 

Please add SOp P. & P. Plus 15% V.A.T. to 
all orders. 
EXPORT ORDERS ACCEPTED. Add 15% 
P&P on total order. V.A.T. not applic
able. 

It is our pol icy to offer you brand
new, full-spec . devices . Prices 
subject to change without notice 
Schools, Univ. Official Orders wei-

~ ACCESS/BARCLAYCARD WELCOME 

WW- 046FORFURTHERDETAILS 
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NEW! Thurlby 1503 high resolution multimeter £139 
Greater resolution, greater accuracy, and greater versatility +vAT 

e 4% digits (±32,768 counts) 
e lOuV, lOmO, InA resolution 
e O.OSo/o basic DCV accuracy 
e LCD, fully field portable 
e 7 functions including Frequency 
e Outstanding price/ performance ratio 

Thurl~y avai I able ex-stock. Full data and dist r ibutor list from Thurlby Electronics Ltd. 

designed and built in Britain 

Coach Mews, St. lves, Huntingdon, Carobs. 
PE17 4BN. ENGLAND. Tel: (0480) 63570 

WW -062 FOR FURTHER DETAILS 

~® XLRCONNECTORS 
Line Female A3F ......................................... £1.07 Chassis Female D3F ........................ ........... £1.34 
Line Male A3M ...... .. ............................... £0.93 Chassis Male D3M .......... .. ..... £0.77 

@> N E au ;:.vi;ISK large seiXtL~u~o~;EC~;I~s 
Latch less Chassis NC3-FZ .... . £0.67 Latch less Chassis Male NC3-MZ..... £0.59-
Line Female NC3-SC........... . £1.34 Line Male NC3-MC ... ... £1.15 
Female Chassis NC3-FP ............................. £1.65 Chassis Male NC3-MP ........... ..... .. .. ..... ...... £0.87 

4 5 and Black Versions and large selection of Audio Audio Adaptors available 

. XLR LNE MAIN SERIES 
XLR LNE tiC.. .... .. ..... .. £3.87 .XLR LNE 12C ...... . 
XLR LNE 32 .................................................. £2.89 .XLR LNE 31 .................................. .. 

BELCLERE AUDIO TRANSFORMERS 

......... £3.76 
..... £4.14 

EN64;12 RPti9 + t.f + ;!. Freq. 40Hz-35KHz. PRl150/600f!, sec. 600/2.4K.!1 .. .... ........................... £3.64 
EN6423 Ratio 1 + 1:6.45 + 6.45. Freq. 40HZ-25KHz. PRI150/600.!1. sec. 6.25K/25K.!1 ... .. ....... £3.64 
SKT-723 MuMetal Screening can, 39d8 reduction 50Hz ext. field.... ........ .. .... :£1.05 
Trade enquiries welcome; quantity discounts available. All prices subject to V.A.T. Ca ll, write or 

phone. Min. order£! 0. Please add £1 postage. Access, Amex, Barclaycard. 

KELSEY ACOUSTICS LTD. . :.t:1 
-===i1 28 POWIS TERRACE, i.ONDON W11 tJ.H 

01-727 1046 
WW- 023 FOR FURTHER DETAILS 

Type I 
Secondary 1 I I 

Volts I Current 

1 

Dimensions Weight 
VA RMS RMS Oia. I Height Kg Price 

C1000 30 6•6 2.50 70mm 30mm 0.45 
C1001 30 9•9 1.67 70mm 30mm 0.45 £4.55 
C1002 30 12> 12 1.25 70mm 30mm 0.45 
C1003 30 15•15 1.00 70mm 30mm 0.45 (+£1.10 p.p. 
C1004 30 18•18 0.83 70mm 30mm 0.45 + 0.84 VAn 
C1005 30 22+ 22 0.68 70mm 30mm 0.45 
C1006 30 25•25 0.60 70mm 30mm 0.45 
C1007 30 30•30 0.50 70mm 30mm 0.45 

C1010 60 9+9 3.33 87mm 33mm 0.75 
C1011 60 12+ 12 2.50 87mm 33mm 0.75 £4;86 
C1012 60 15+ 15 2.00 87mm 33mm 0.75 
C1013 60 18+ 18 1.67 87mm 33mm 0.75 ( +£1 .43 p.p. 
C1014 60 22+22 1.36 87mm 33mm 0.75 + 0.94 VAll 
C1015 60 25+25 1.20 87mm 33mm 0.75 
C1016 60 30+30 1.00 87mm 33mm 0.75 

w·irewound Ceramic Resistors 
Axial or vertical mounting 
5w-17wOR5-39K 
from £9.35 
per100 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

from £3.15 per 100. 
Carbon Film Resistors %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 
1 OOK 120K 150K 220K 300K 390K 
820K. 

Cable Sleeves and Markers from 
£1.38 per 1,000. 

Also V2w 5% or 10% 1 OOR 300R 
1 K 2K2 3K9 24K 33K 75K 2M4 
3M34M7 5M6. 
Lists available of other wattages 
and values on special offer. Crimp Terminals from £9.60 per 

1J)OO. 

PBRA LTD. Audible Warning Devices. B-uzz
tone, Bleeptone, Banshee, Bed
lam, etc, from £1.14each. 
Self-adhesive Pcb guides from 
£5.04 per 100. 

Golden Green, Tonbridge 
KentTN11 OLH 
Hopfield (073274} 345 
Membel' Crystalate Group 
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C1030 
C1031 
C1032 
C1033 
C1034 
C1035 
C1036 
C1037 

I Secondary I I I Voks I Current Dimensions Weight 
VA RMS AMS Oia. I Height Kg Price 

160 18+ 18 
160 22+22 
160 25+25 
160 30+30 
160 35+35 
160 110 
160 220 
160 2411 

230 25+25 
230 30+30 
230 35+35 
230 411+411 
230 110 
230 220 
230 2411 

4.44 108mm 42mm 
3.64 1 08mm 42mm 
3.20 1 08mm 42mm 
2.67 108mm 42mm 
2.29 1 08mm 42mm 
1.46 108mm 42mm 
0.73 108mm 42mm 
0.67 1 08mm 42mm 

4.00 115mm 50mm 
3.83 115mm 50mm 
3.29 115mm 50mm 
2.118 115mm 50mm 
2.00 115mm 50mm 
1.05 115mm 50mm 
0.96 115mm 50mm 

1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

2.2 
2.2 
2.2 
2.2 
2.2 
2.2 
2.2 

£8.411 

(+ £1.73 p.p. 
+ £1.52 VAn 

£10.20 

(+ £1.73 p.p. 
+ £1.79 VAn 

~~~~~ ~~ ~~~ ~:~~ :~~~ ~~~~ ~:~~ :p~l~i~~g~~er~~~~ ~!c~~~~~~~l i~:~~~~~e~; ~~~:i:~,e t~l~~~~~~~~~~:ti~~/~~~~~~~:d~:!t~;c~ ~~~~~ 
C_1019 60 2411 0.25 87mm 33mm 0.75 Transformers constructed from highest grades of grain oriented silicon steel to give operation at C

1052 

330 25+25 
330 30+30 
330 35+35 
330 411+40 
330 45+45 

6.60 130mm 52mm 
5.!il 130mm 52mm 

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 

£11.90 

high flux density with very low iron losses resuking in high efficiency. • A reduction of up to half 
C1020 100 12+ 12 4.17 BBmm 411mm 1. 00 the weight and volume and radiated field as low as one tenth when compared with laminated C1053 
C1021 100 15+ 15 3.33 88mm 411mm 1.00 £5.70 conventional equivalents. • Each transformer supplied with fixing kit and technical information sheet. C1054 

4.71 130mm 52mm 
4.13 130mm 52mm 
3.67 130mm 52mm 

(+ £1.90 p.p. 
+ £2.07 VAn 

~~~~~ ~~~ ~~:~~ ~:~~ :~~ :~~ ~:~~ (+ £1.43 p.p. r - - co7:owEI;;o~ Lrd Chclte;amGLmNx - - - - ----, ~~~~~ 
C1024 100 25+25 2.00 88mm. 411mm 1.00 + £1.07 VAn I I C1057 

330 110 
330 220 
330 2411 

3.00 130mm 52mm 
1.50 130mm 52mm 
1.38 130mm 52mm 

~~~~~ ~~~ ~~;o ~:;~ =~~ :~~ ~:~~ I FREEPOST(UK only): I -C1-06-0--53-0-30-+-30--8.8_3_1-45_m_m-60_m_m--3.-8 -----

Cl027 100 220 0.45 88mm 411mm 1.00 I '----'-----~--------l'----'----' We pay postage on I C1061 530 35+35 7.57 145mm 60mm 3.8 £15.80 

-
C1_o2_8 __ 1o_o_2_411 __ o_.4_2_88_m_m __ 411_m_m __ 1.0_o _____ l 1 enclose Cheque D P.O. D Money Order D :~d:~squ;deJr:s~dyour l C1062 530 411+411 6.63 145mm 60mm 3.8 

C1063 530 45+45 5.89 145mm 60mm 3.8 ( + £2.05 p.p. 
NOTE: All types normally supplied with 240 V primary 110 V, 220 V or other I Access/Barclaycard No. Ll_,l__._l_._l _..1__._1_._1 _.1__,__.__._......_, ........... _.1 ~~~:~~~ 2!~r~ics I C1064 530 50+ 50 5.30 145mm 60mm 3.8 + £2.68 VAT) 
voltage supplied on request. 1 Name Ltd, FREEPOST, 1 C1065 530 110 4.82 145mm 60mm 3.8 

24 hour answering serivce: You may telephone your order lhroughout 24 hours I =-Ad7"dr...,-es_s ~;~~~~~~~~~~-=-:::P-ost-ai:-::C:-od:-e.~~~~~~~~~~~~-= ~t~l1te~~~m Glos. 1 ~:~:~ ~;~ ;~ ;:~~ ~:~~~ :~~~ ~:: 
quoting your Access or Barclaycard number. Phone number 0242.4131 3. Telephone No. (No stamp required) Cotswold Electronics Ltd., Chelte~ha~ GL51 SNX ...... __________________ ._- ---- ----- ---------- ..... __ .;.;.;.;;.;.;..;;,;,;;,.;.;.;;,;.;;.;~;;.;,;.;.;;.;.;;.;~~;...;----..,., 
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LOW VOLTAGE 
POWER DRILLS 

AND ACCESSORIES 
Illustration shows Titan Drill · a';i(J - Sta;;d~ 
(Price £27 inc. VAT and Postage) which 
is One of the combinations which can be 
purchased from our comprehensive range 
of Drills and Accessories . 

. Prices from £8.34 (Reliant Drill only) inc. 
VAT and Postage . 

Send 25p for Catalogue . 

A. D. BAYLISS & SON LTD. 
..... PFERA.WORKS, REDMARLEY 
~· GLOUCESTER GL 19 3JU 
·Barclaycard, Access Welcome• . · 
Tel. Bromesberrow (053 181) 273 
Stockists: Richards Elltctric, Gloucester 

D & D Models, Hereford 
Hoop.ers of Ledbury 
Hobbs of Ledbury 

CHERRY E61 sub-miniature micro switches. 5 amp, 250 volt no/nc, 100 pes, £15; 500 pes £67.50; 
1,000 pes £125; 5,000 pes £550; 10,000 pes £1,000. 
GRAMPIAN h/duty telescopic p/a speaker stands, £60 ea.; 5 for £287.50; 10 for £550; 50 for 
£2,500. 
GRAMPIAN 100 watt, cast ali. finned heatsinks, drilled to take five. 10.3 driver devices, £7.50 
l)a.; 5 for £35; 10 for £65; 50 for £300; 100 for £550. Size L292, W153, 032. Weight 41b. 1oz. 
approx. 
RECORD LEVEL METERS, EDGE TYPE. W35, H21, 032. Resistance 5000, £1.50 ea .; 10 for £14; 
100 for£125; 500 for £550; 1,000 for£950. 
COMPUTER GRADE ALUMINIUM ELECTROLYTIC. 7500 jlf + 7500j.tf 25 volt -10 + 50%. H80, 
040£1.25 ea.; 10 for £12; 100 for £110; 500 for £500; 1,000 for £900; 2,000 for £1,7110. 
MINIATURE TOGGLES. 6A 125v. a.c. O.P.O.T. with centr~ "off" position, £1 ea .; 10 for £9; 50 for 
£42.50; 100 for£80; 500for£350. 
100V. LINE TRANSFORMERS. Tapped 0.5-1-3 wans into 16 0 speaker fined with 6-way terminal 
block for easy connections, £2.50 ea.; 10 for £24; 50 for £112.50; 100 for £220; 500 for £1,050; 
1,000 for £2,000 . 

Terms c.w.o. Add 5% to all orders lor p. and p. + 15% V.A.T. Export enquiries welcome. 

ELECTRONIC EQUIPMENT CO. 
Springfield House 

--Tyssen Streel, London EB 2ND 
Telephone: 01·249 5217 
Telex: 8953906 EECO.G 

Are you having problems in ob
taining components at the right 
prices? H so let us have your en
quiry. We probably have it in 
stock. 

WW- 073FORFURTHERDETAILS 

CHILTERN ELECTRONICS 
BCM BOX 8085, LONDON WC1N 3XX. TEL. 0494 714483 

VIDEO MONITOR BARGAIN 
Due to bulk surplus purchase, we are able to offer these professional video 
monitors brand new in original boxes at a fraction of their original cost: * 12-inch screen, green phosphor with anti-glare shield. * Ideal for graphics or alphanumeric d isplay. * Standard composite video in, 240 volt operation. * Extremely attractive anodised aluminium case . * Auxiliary Power Supply for keyboard. _ * Resolution better than 600 lines. * Ideal for home use- just plug into your micro system . * As used by many large mainframe computers. . 
We believe these are the fmest monitors ava1lable anywhere at any pnce. Full 
data and cables included. Only £75. Please phone for cost of carriage. 

ASCII KEYBOARDS 
T!(p qua lity 84-key ASCII keyboards, with numeric and control key clusters. Brand 
new, but may have minor scratches and no circuit, so only £15. Postage £2. 

TELETYPES 
The famous model 33 Teletypes, ASCII coding with 20mA loop interface, in good 
working order, now available at these very low prices. As sold elsewhere for up to 
£500. 
KSR Model 33 £65. ASR Model 33 £120 with pedestal. 

DEC POPS COMPUTERS 
PDPBE . Latest version with TIY and DMA cards, fully overhauled. £450. Complete 
with 8K Core expandable up to 32K. 
PDPBL. Earlier version of above, with TTY interface. On ly£_! 20. 

ICL TERMIPRINTERS 
Letter quality silent printing termina ls, ideal for word processors. Upper and 
lower case ASCII, RS232 interface. 30 ch/sec. New £250. Used from £100. 

CENTRONICS LINE PRINTERS 
(Modei101A) 

The heavy duty professional line printers, 165 ch/sec. Only £250 . 

DISKS & MAGTAPES 
Diablo/OR! Series 30 2.5 MByte Cartridge drives available ex-stock. Fully 
overhauled. Exchangeable £500. Fixed cartridge £425. 
Fixed 5 MByte disk with controller for 8080 system £350. · 
PERTEC Industry Standard Magnetic Tape Drives : 7 Track £120. 9 Track £450. 
We stock· a large amount of DEC equipment, please telephone for details. Al l 
equipment may be viewed at our office near High Wycombe. 
Prices exclude VAT, heavy items must be collected . 

WW ,..-066 FOR FURTHER DETAILS 

Children know more 
about computers . 
than their parents. True or False? . 
Well, true enough for Practical Computing to propose a twinning scheme for schools and businesses, 
bringing pupil brainpower to bear on business problems. Read all about it in the july issue: 

Also in this issue of Practical Computing: 
Reviews of Explorer 85, a modular system which can 
be built up from a single board to a full disc 
configuration. And Gemini- a large capacity business 
system. 
Pro kit - a package of subroutines to ease data entry on 
the Pet. 

How a freight forwarding company started with an 
Apple but ended up with an IBM mini. 
Business software - first of a four-part series on how 
to write your own. 
Education. How to write a Pet program to provide a 
framework for multiple choice tests. 

--------------· 
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All this plus the usual Apple, Tandy, 
Pet and ZX80 advice pages in the 
july issue of Practical Computing. 
Price SOp. At your newsagent or 
complete the coupon: 

I 
I 

To Marketing Department, IPC Electrical·Electronic Press, Quadrant House, 
The Quadrant, Sutton, Surrey SM2 SAS. 

Please send me Practical Computing for one year. I enclose Cheque/P.O. for 
£10 (U.K.)/£16 (overseas) made payable .to IPC Business Press Ltd. 

I Name 

1 
Address 

I 
I 
I 
I ---------------
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oanavox 
DANAVOX (GT. BRITAIN) LTD. 

1 CHEYNE WALK, 
NORTHAMPTON NN 15PT 

TEL. NORTHAMPTON (0604) 36351 

of research ... "on components and accessories for dictating 
_machines, fele-c9mmunicatio~s, - h~~ring aids 
and electroacoustic equipment etc." . 

\' 

) 
ST'Eioor.fr 
JUNIOR 60 
HEADSET 

/~ 
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Memories Price 
2114L-300ns ................................................... £2.10 
4116-200ns ..................................................... £1.89 
2708-450ns ..................................................... £3.15 
2716-450ns ...... ; .............................................. £4.99 

74LS series 
74LS240 .......................................................... £1.54 
74LS243 .......................................................... £1.54 
7 4LS244 .......................................................... £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 PL 19 ()JF 

Tel. Tavistock (()822) 5439/5548. Telex:45263 

WW -038 FOR FURTHER DETAILS 

The advanced design of the 410 
Headset has placed the product far 
ahead in the world of radio communications. Its light 
weight, low ear pressure and trim design make the headset 
ideal where long periods of continued use are required. A 
pliable sliding headpad reduces head-pressure to an 
absolute minimum and as the earpads are constructed of 
non-hardening tropicalised material they give an excellent 
low pressure seal as well as providing optimum comf~rt 
whilst in use . 
The headband is constructed of nylon covered stainless steel 
spring wire and will prevent any form of wire snagging and 
also carries the receiver signal. Tinsel wiring has been 
incorporated to give extended electrical life under high 
vibration movements. 
Special features can usually be incorporated to meet 
specific requirements. 
The first name in Audiometric Equipment. 
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Professional ASCII Keyboards 
The 'CHERRY,' 

BRITISH MADE Computer 
' ,52 KEY 7 BIT Keyboard 

ASCII COOED 
'POSITIVE STROBE. 'CHIP BY GENERAL 

+5V - 12V INSTRUMENT (G I ) 
' FULL ASCII TIL OUTPUT • ESCAPE. SHIFT. Ideal lor use with TANGERINE. 

CHARACTERS • SUPERBLY MADE RETURN & RESET TRITON. TUSCAN. APPLE and most 
'PARALLEL OUTPUT SIZE 13 x 5.5 x KEYS computers. Ex-Stock from HENRY'S 

WITH STROBE 1. 5 ins. • CONTROL . REPEAT ThiS is definitely the BEST BUY. fULLY 

'POWER LIGHT ON 'BLACK KEYS WITH & BELL . ~~~~~~~t~~!~o~~:i~~~~~aBc~~"~oJ~;~~~t 
CONTROL WHITE LEOGENS Complete wtth DATA remittance total £35.95(incl. v.A.T. & Post ! 

The :ttpple' Power Supply Suitable for use with 
A PROFESSIONAL BUll T & TESTED. CASED & most computers 
VENTI LA TEO POWER UNIT WITH BUILT IN OVERLOAD 
& CUT OUT PROTECTION CIRCUITS 

SPECIFICATIONS 
Input vol tage : 21D-25Dv 
Supply voltages: +5 .0; 
+11 .8 - 12.0· -5.2 
Power consumption: 60 
watts max (full load) 
Full load power output 
+5v: 2.5 amp; -5v · 250ma; 
+12v: 1.5 amp: - 12v 250ma 
Size : 10" x 3314" K 211? " 

Werght: 1Approx.) 31bs 

Complete with full data 
& information- . 
Supplied brand new 

The Apple Power Supply is a high -voltage 
"switching" powersupply. Wh ilemosr 
otherpowersuppl iesusealarge 
transforme r with many windi ngs to 
conver1 the inpul voltage info many lesser 
voltages and then rectrfy and regulate 
these lesser voltages. the Apple Power 
Supply first converts the AC line voltage 
into a OC voltage. and then uses this DC~~~~~~ 
voltagetodriveahrgh-frequency 
oscillator The out rut of this oscillator is 
fed into a small transformer with many 
windrngs The voltages on the secondary 
wind ingsarethenregulated 

PREVENTS DAMAGE & RETURNS UNIT TO NORMAL 
WORKING CONDITIONS 

11-,C-h-er-ry-,A-d-d--on_K_e-yp_a_d_ 
A COMPACT 12 BUITON KEYPAD SUITABLE FOR USE 
WITH CHERRY KEYBOARD TO EXTENO ITS FUNCTIONS 
PLUS FOUR EXTRA KEYS . 
SUPPLIED BRANO NEW WITH DATA 

A 3 x 4 non-encoded sing le mode keyboard rn sloped format 

COM PER KIT DIVISION r~ m 
404 Edgware Road, London. W2. England · . . 
Telephone: 01 -402 6822 1 ""'"~ith ."'"'' , ~ 
Telex: 2622 Mono Transonics · -- -' 

/' ~ 
I ~ Receive IMP 400 OHMS '?0'-

Microphone Imp 200 OHMS ZJ.o 
• Mic Sensitivity at 800Hz .... / \::>~0 . 

in respect to 80dB , t$ . · · 
Input- 30dB / o+ · 
Weight 350 grams , .._.(f4 

/~~ . 
,o...._xs-0 .·· .· .-· .·· 

_/ -~'? . .• . . . 
,.,o":-?Y . · . · .· . . · .· 

/ -$'00..0 _ •. ··· ... •·· . . •··· _ . • . - · . · ·~~· 

' 

, A.o.. .· .· . · .· . -""''$ ~ -·· 
0.,.. .• • . · •· •• v·~ ~"' 

/ 0~ • . • • . . . . . . :+'b~ 0 ' :\)' 
'-.,e?J.~ . . . . . . . . . . .. ~4o1} o.'""o<¢: 

/ 

~~ . • • ~4, • 9.> • • • t--:<$''<~~\">e> 0-¢ ~-
0 • 9?>- :<,0<5 . o<> ~ 

Amplivox Umited . 
Amplivox Limited, l3A Station Field Ind. Est., Kidlington, Oxford, England OXSlLJ. 

~?;-<S> CP-<$' ~o,O. r;?>C:J'~" o1-<-:J 
'\.. 

WW -071 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


110 

NEW LOW PRICES · 
NEW HITACHI OSCILLOSCOPES 

/ 

V151B V20:B 
e 15MHZ bandwidth e 20MHZ bandwidth 
e Single channel e Dual channel 
e 2-year warranty e 2-year warranty 
e X10 probe supplied e 2 x 10 probes supplied 

£135 £260 
V302B V550B 

e 30M HZ bandwidth e 50MHZ bandwidth 
e Dual channel e Dual channel 
e 2-year warranty e 2-year warranty 
e 2 x 10 probes supplied e 2 x 10 probes supplied 

£285 £645 
Ex-demonstration bargains. Full 2-year warranty! 
Hurry- few only! 
V152B-15MHZ dual channel ................................. £189 
V302B-30MHZ dual channel ................................. £250 
V550B-50MHZ dual channel ................................. £589 

WIRELESS WORLD JULY 1981 

SECOND USER BARGAINS 
SCOPES 
TELEQUIPMENT 
D61A 10MHZ dual channel ................................. £155 
D67 25M HZ dual channel delay ......................... £275 
D75 50MHZ dual channel delay ......................... £550 

TEKTRONIX 
/ 549 Storage (with trolley) .......... ; ........................ £350 

454 150MHZ portable .......................................... £750 
453A 60MHZ portable ......................................... £550 
531A Mainframe ............................... : .................... £50 
1A1 Dual channel plug-in .................................. -. £100 
1A4 Four channel plug-in ................................... £150 
IL30 Spectrum analyser ...................................... £395 
3S7 TOR plug-in .... ............................................... £120 
3T7 TOR plug-in .................................................. ; £120 
1A2 Dual trace plug-in .......................................... £75 
HP 141 complete .................................................. £175 

VAT extra. Carriage £5per item 

TIMEBASE 
94 ALFRISTON GARDENS 

SHOLING, SOUTHAMPTON 
S028FU 

TEL.431323 

Callers welcome 

Access, Barclaycard 
Telephone your order 

WW - 080 FOR FURTHER DETAILS 

BECOME AN INSTANT MUSICIAN 
NO EXPERIENCE NECESSARY 

As featured on "TOMORROW'S WORLD" 
Create your o_w.n music with a VL·TONE. You combine the sound; rhythm and 
tempo and the VL-TONE plays It back ... beautifully! 

CASIO VL-TONE (VL-1) 

T~anks to _Casio's y .L.S.I. advanced technology you can compose and play music 
w1th one fmger. Simply enter the notes of a melody into the memory (maximum 
100 notes) . Recall the notes in sequence with the One Key Play button, varying 
tempo and duration of each keystroke to create a melody. . 
S~lect an Auto Rhythm, adjust the Tempo Control by means of the LCD Digital 
Display readout and record your best performance back into the memory . Mis
takes can be corrected and individual notes added or deleted. The Auto Play 
function lets you play back the melody you have recorded. Add auto rhythm and 
you can vary the tempo of both. Pitch can be varied and you can select any one of 
the 5 built-in instrument sounds, or switch to ADSR and create your own sounds 
with over 80 million variations. 
VL-1 29-note synthesiser records and plays back MANUAL or ONE KEY playing . 
The octave shift expands the range to almost 5 octaves. 
Preset sounds : Piano, Violin, Flute, Guitar, Fantasy and ADSR . 
Facilities: LC Display of notes, tempo and calculations. Battery saving Auto 
Power Off with protection of the stored melody and the preset ADSR data (or 
calculator memory total). A.C. adaptor socket. Built-in amplifier/speaker. Output 
jack (0.5 v rms). Pitch control. 
Dimensions: 30 x 300 x 75mm (1% x 1 P/4 x 3in.). Weight: 438g .; 15.4oz. 
NEW! CT-202 Polyphonic. 49 instrument sounds. Vibrato/sustain £275. 
Send 20p for details of Caslo. Caslotone and Seiko products. 
PRICES include V.A.T., P. & P. Return of post service. Send cheques, P.O. or
phone your ACCESS or BARCLAYCARD number to: 

I TEMP'.f!S Dept. WW, Beaumont Centre, 164-167 East Road 
Cambridge CB11DB. Tel: 0223 312866 

HASBROOK TRADING 
POSTAL ADDRESS: P.O . BOX 25, 

CLEMENTI CENTRAL, SINGAPORE 9112. 

Lowest Prices- Prompt Delivery - Quality Products 
LINEAR ICs. 
TBA 120 0.55 TBA 810 0.80 TDA 1060 1.59 TDA 2523 1.70 
TBA 120T 0.67 TBA 890 0.67 TDA 1170 1.50 TDA 2540 1.60 
TBA 120S 0.67 TBA 900 1.20 TDA 1190 1.50 TDA 2541 1.60 
TBA 120AS 0.55 TBA 920 1.20 TDA 1270 1.50 TDA 2560 1.60 
TBA 2408 1.12 TBA 940 1.25 TDA 2002 1.17 TDA 2570 1.60 
TBA 395 1.20 TBA 950 1.60 TDA 2010 1.55 TDA 2571 1.60 
TBA 510 1.20 TBA 990 1.16 TDA 2140 1.55 TDA 2580 1.55 
TBA 520 1.05 TBA 1440 1.15 TDA 2150 1.55 TDA 2590 1.70 
TBA 540 1.05 TBA 1441 1.15 TDA 2151 1.55 TDA 2591 1.60 
TBA 550 1.20 TCA 270 1.15 TDA 2160 1.55 TDA 2593 1.65 
TBA 560 1.20 TCA 540 1.15 TDA 2161 1.65 TDA 2611 1.56 
TBA 570 1.05 TCA 800 1.48 TDA 2510 1.55 TDA 2640 1.60 
TBA 720 1.80 TDA 440 1.60 TDA 2520 1.65 TDA 2652 1.65 
TBA 750 0.96 TDA 1037 1.60 TDA 2522 1.70 TDA 2661 1.60 

74 LS SERIES DIODES. 
SN 74 LS 48N 0.56 SN 74 LS 197N 0.52 OA 47 0.10 IN 916 0.04 
SN 74 LS 85N 0.65 SN 74 LS 241N 0.69 OA90 0.05 IN 4001 0.04 
SN 74 LS 107N 0.29 SN 74 LS 248N 0.58 OA 91 0.06 IN 4002 0.04 
SN 74 LS 123N 0.42 SN 74 LS 249N 0.58 OA 95 0.06 IN 4003 0.05 
SN 74 LS 124N 0.55 SN 74 LS 259N 0.85 OA 200 0.06 IN 4004 0.05 
SN 74 LS 132N 0.42 SN 74 LS 260N 0.32 OA 202 0.08 IN 4005 0.05 
SN 74 L.S 148N 0.56 SN 74 LS 280N 1.07 IN 914 0.04 IN 4006 0.06 
SN 74 LS 173N 0.49 SN 74 LS 290N 0.47 
SN 74 LS 174N 0.56 SN 74 LS 298N 0.60 DIODES. 
SN 74 LS 175N 0.45 SN 74 LS 375N 0.40 IN 4007 0.06 IN 5404 0.10 
SN 74 LS 190N 0.47 SN 74 LS 378N 0.60 IN 4148 0.04 JN 5405 0.17 
SN 74 LS 191N 0.47 SN 74 LS 395N 0.85 IN 5401 0.09 IN 5406 0.17 
SN 74 LS 192N 0.56 SN 74 LS 399N 0.94 IN 5402 0.10 IN 5407 0.17 
SN 74 LS 193N 0.47 SN 74 LS 670N 1.85 IN 5403 0.10 IN 5408 0.18 

L.E.Ds Quantity discount avai lable. Trade enquiries welcome. 
Round 3mm/5mm All components brand new and subject to availability. 
Priced by colour: Please add SOp for carriage on all orders . 
Red 0.05 Terms: Money Order/ Postal Order or Bankers draft 
Green 0.07 with orders please. 
Yellow 0.07 All orders despatched on day of receipt with full refund 
Orange 0.10 guarantee for out of stock items. 

Digital Qunrtz Clock for your car. boat and caravan £7.20 · E.&. 0. E. 
Size: 102 x 42 x 40mm 

WIRELESS WORLD JULY 1981 111 , 

·~IP~•&BfiiJIPBt •• ll.a(A.IPe•J&IP•~ 
RegisteredinEngland 1179820 

01
_
7471555 

· 
267 & 270 ACTON LANE, LONDON W4 5DG. Telephone: 01 _994 6275 

9.30 a.rn.-6 p.m. 
MON.-SAT. 
CONTINUOUS 

STABILISED POWER SUPPLIES 
FARNELL A1S: 210/240V IP. Dual Op. 12-17v per rail at 
100mA. Remote sensing, current limit protection. (164 x 130 
x 38mm), with manual. £12. · 
FARNELL J/3SC: 120/240V IP. Adjustable current limit. Re
mote sensing. (188 x 96 x 93mm). Two versions available: 
15V at 2A or 30V at 1A. £1S ea. 
COUTANT OA2: Op. amp, psu, 120/240V IP. ,Dual Op. 12-15v 

· at 100mA. (138 x 80 x 45mm). £12 ea. or 2 for£22. 
BRANDENBURG Photomultiplier PSU. 19in. rack mounting. 

. Metered, current limit protectign, 
374,374R 300V-1 KV at 5mA. 
375 500V -1 K5V at 6mA. 
376 660V-1 K6V at 1Om A. 
Model 374R has reversible polarity op. All others ha·ve nega
tive polarity op. 

··All models £40. 
Some photo multiplier tubes available_ 
COUTANT ESM3: 105/115/220/240V IP. Four separate ops: 
5V at 3A stabilised with current limit, overvoltage crowbar 
protection and remote sensing_ · 
±12 to ±15V at 500mA stabilised_ 
12 or 24V unstabilised. (125 x 80 x 275mm). £30. 

SPECIAL OFFER. 10MFD 500v ECC 20p ea., 10,000 MFb 16v 
Mullard 3Sp ea., 3,300 MFD 40v Mullard 35p ea_ 10f.lF/63v 
MIMA polyester 10% SOp ea. Large quantities available. 

ELECTROLYTIC CAPACITORS. Very large stock holding. 
Mostly liT EN1212m EN1235 types_ 
Please send for our electrolytic list, e.g.: 220/50VA, 2200/25R, 
470/25R, 4700/25A, 470/50A, 2200/1-00 CAN. 

CAPACITORS- DISC CERAMIC 
Over 2 million now in stock, mostly liT. Many high-voltage -
types, e.g.: 
210p 8KV, 1n 1KV, 2n2 2KV, 10n 2KV. 
220p 1 KV, 1 n5 3KV, 4n7 1 K5V_ 

1 
Pl~ase send for our ceramic capacitor lists. 

PYE HEAD CLEANING CAS
SETTES. Brand new or 
boxed, SOp ea. 

CASSETTE DECKS: With 
stereo heads, mechanically 
complete, but with no 
electronics. Smart black 
modern finish. £S.OO 
We have VERY LARGE 
QUANTITIES available 
0.1 f.t/16v disc ceramic by liT. 
Pitch 5mm. Price £20/£1,000. 
Brand new and boxed. 

PIHER PRESETS 
Very large stocks, PT1 0, 
PT15 enclosed types. Please 
send for our preset list. Most 
values 100R-5M 

·HEAVY DUTY 
. KEYSWITCHES 

2P 12A 600V AC 
8P 1 OA 380V AC 
10P 12A 600V AC 
49mm D Fascia. 

ROTARY POTS 

£1.SO 
£3.00 
£3.00 

Good range stocked. Please 
phone your requi,rements. 
Large stocks of the fol
lowing: 
100K LIN+ push switch 30p 
22K LOG + switch 30p 
2K2 LIN 30p 
CANNON 15w sockets, D 
type or Souvrian/McMurdo 
Daiss ·SOp ea. Also Cannon 
9w plug, brand new, 60p ea. 

WELWYN STRAIN GAUGE. 
(Precision micro-mea
surements). Romulus Miche
gan type MA-09-500B4-350. 
Our price £1.2S ea. List price 
£3.85. Large quantities avail
able. 
% 1S Turn Ceremet Trimpot 
1 OOK1t. 1 off price, 20p. By 
Beckman & A.B. 
REDPOINT HEATSINK, Type 
TV4 1Sp ea. 1 off price. 

1 

Discount on quantity. 
We have the following Wel
wyn .1% Resistors available, 
2K, 3K, 10K, 20K, 30K, 1 Meg. 
Price 2Sp ea. Type 4802. 
BURROWS CONNECTOR 
(LH) 1701, 41c, 20p; Burrows 
Connector (RH) 1201, 4LC 
2Sp. Large quantities avail
able. 
METWAV P.C. CONNECTOR, 
3-way type P95/3DS, 10p ea. 
ITT TEMPKIT Electronic ther
mostat ZBI.5669. Brand new. 
£4ea. 
4-WAY DPDT AND S-WAY 
DPDT OIL SWITCHES, by 
ERG Components and CTS. 
Gold contacts £1 ea. Brand 
new and boxed. 
BUZZERS, 6v and 12v, SOp 
ea. 
WIRE ENDED NEONS 
£20/£1,000. 
SPECIAL OFFER. Mini-toggle 
switch by C. & K., 3 Pc/o. 
Long dolly or short, SOp ea. 

D TO A CONVERTERS 
15MHz, 8 BIT 

By Micro Consultants Ltd. 500 cable drive op. Linearity 
0.25%, max. 0.125% typ. Settling time: 2V step 70nS typ. 
2MV step 50nS colour television transmission standard. Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 
Unused. Ex-maker's pack. 

SPECIAL OFFER PRICE: £20 
TRANSFORMERS: 

5-0-5V 400mA £1.2S 
6-0-6V 100mA £1.2S 
8-0-8V 400mA £1.2S 
9-0-9V 3A £3.00 
11V 2A, 22V1A' £2.00 
12V 130mA BOp 
12V 1A5 £1.2S 
0-12, 0-12 96VA £8.00 
15V 1 OOmA £1.00 
17V 300mA £1.SO 
20-0-20 400mA £1.80 
22-0-22 50mA £1.00 
24V 1 OOmA £1.00 
24V 250mA £1.SO 
30V 250mA £1.SO 
30-25-0-25-30, 1 A6 £6.00 
0-2-4-6-8-1 0 5A £6.00 
AUTO TRANSFORMER by 
Gardners. Part No. SA207, 
2K watt. New and boxed. £2S 
ea. 
'RESISTORS: Over 2 million 
in stock at last count. 
CARBON FILM %W 5% E12 
range 1R0-12M. 
2p ea. £1/100, £6.S0/1,000. 
METAL OXIDE/FILM: Most 
values in E24 range, %-2W 5, 
2 or 1%.' A few values in 0.1% 
tolerance available. 

WIRE W0UND: ORI-100K 3-
200W. A selection of mains 
droppers available. Good 
selection of metal clad high 
power types. 

ROTARY SWITCHES 
Over 30 different types avail
able. from 4Sp 

MINIATURE LATCHING 
SWITCHES, 3 Pc/o by Micro 
(A division) of Honeywell 
Ltd., 3 amp 250v a.c. Part No. 
8N3011, £1 ea.Miniature mo
mentary 1 Pc/o switch by 
Micro, 3 amp 250v A.C. Part 
No. 8N1021. 

FND SOO, 7 segment LED 
display. £1 ea 

SPECIAL OFFER: Filmet 
SC65 1MQ 0.1% metal film 
resistors 20p ea. 
CERMET PRESETS 1Sp ea. 

MINATURE AB16 POTS 
PCB mounting 16mm~ 
100K LOG DG 
220K LOG DG 
100K LIN SG 

10A 250V AC ILLUMINATED 
ROCKER SWITCH 

Red, DP ST 26x30mm rect. 
Snap-in type 75p 

16A 250V AC ILLUMINATED 
ROCKER SWITCH 

(Amber). 14x30mm rectang
ular snap-in type. SPST 30p 

ALUMINIUM BOXES: 
AB7 134x64x38m m 70p 
AB8102x102x38mm 70p 
AB9102x57x38mm 70p 
AB10 102x133x38mm 70p 
A811 102x64x51 mm SSp 
AB12 76x51x25mm 70p 
AB13152x102x51mm £1.00 
AB14178x127x51mm £1.20 
A815203x152x76mm £1.55 
AB16 254x179x76mm £1.7S 
AB17 254x114x76mm £1.4S 
AB18 305x127x76mm £1.75 
AB19 305x203x76mm £2.40 

· BLUE REXINE COVERED 
ALUMINIUM BOXES 

RB1152x114xo4mm £1.4S 
RB2 203x 127x76m m £1.70 
RB3 229x127x89mm £1.80 
RB4279x152x102mm £2.40 
RB5 279x190x114mm £2.70 

BLACK PLASTIC BOXES 
75x50x25m m 65p 
80x60x40mm 92p 
90x70x40mm 99p 
115x75x30m m 90p 
110x90x45mm £1.18 
170x100x50mm £1.65 
200x120x80mm £3.S5 

LICON ILLUMINATED 
SWITCHES 

01-800 Rectangular Snap-in 
Series. 
2PCO Latching £1.50 · 
2PCO Momentary £1.50 
Indicator only SOp 
Lenses available in red or 
white only. 
MINIATURE PUSH-BUTTON 

SWITCHES 
PTM 20p, PTB 25p, PT M/B 
40p. 

HEAVY DUTY ROTARY 
SWITCHES 

9P3W 25A 500V AC £3.00 
18P6W 25A 500V AC £3.00 
18P6W 40A 600V AC £3.00 

STEREO RECORD/REPLAY 
CASSETTE HEADS £1.00 

WIREWOUND POTS 
10R-100K by A.B., Colvern, 
etc. 11f2W 40p, 3W 60p, 5W 
SOp. 

TRIM POTS 
1 OR-500K 10/20 turn . 1 %in. 
or %in. rectangular 60p ea_ 
JEAN RENAULD SWITCH 

BANKS 
Many types available, e.g.: 
4x2PCO 40p 
6x2PCO 60p 
5x2 PCO + 2x4 PCO 70p 

VU METERS 
40x30x23mm deep. 
White/red scale bn black 
background. Brand new. 

SOp ea. 

This advertisement is mainly of our excess stock holding. We also have excellent stocks of semiconductors, hardware, cables, 
etc, etc. For further details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT 
(and P&P). Minimum Mail Order £5 + P&P +VAT. Government departments, schools, colleges, trade and export welcome. 

{74791 
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~ BURDETT ROAD, WISBECH 
CAMBS PE132PS 

OMP'ONENn TEL :. (945 63281 
TELEX32fm . 

Anglia is a franchised distributor with a wide product 
range. Our catalogue is available to all professional users 

lt's.easy 
to complain 

about 
advertisements. 

Tbe Advertising Standards Authority' 
If an advertisement is wrong, we're here to put it right. 

ASA Ltd . Brook Hn1 JseTornngton Place. London WClE 7HN 
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TYPE 3035 
DC- 10MHz 
Bandwidth 
5mV/div sensitivity 
200ns/div to 0.2s/div 
tim abase 
Triggering t~ 20MHz 
5" Bright CRT 

Triggered and 
automatic swee~ 
Regulated internal 
supplies 
10 x 8 d iv d isplay 
BUILT- IN 
COMPONENT TESTER 

" \ 
) 

£/U* 
If your need falls between 10MHzand 30MHzthen we 

can measure up to it, including battery operated models. 
Every scope in the range is designed to meet our basic 
design philosophy of building in that extra benefit. The 
3035 has a full 1OM Hz scope specification, plus a Com
ponent Tester which displays the characteristics of both 
active and passive components. While the 3337 is a 
complete 30M Hz instrument with signal delay, plus a 
10KV CRT for a bright display normally reserved for 
much wider bandwidth scopes. 

TYPE 3337 *U.K. LIST EXC VAT 

DC- 30MHz . 
Bandwidth 
11 .7ns Risetime 
5 mV /div sensitivity 
Signal Delay 
Algebraic addit ion 
and subt raction 

Full X- V operation 
Triggering to 50MHz 
Composite trigger 
mode 
40ns/div - 1s/div 
Sweep speeds 
C.R.T. 10KV PDA . £3SS* . 

For your copy of the Crotech catalogue just telephone 
Reading (0734) 866945 

Cro1ech ~ns1rumen1s l,m,1ed 
5 Nimrod Way, Elgar Road, Reading, Berks. RG2 OEB. 

To obtain fJJrther 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 wiD be pa•d on to 
the manufacturers concerned and 
you can expect to hear from them 
direct iii due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 
Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the 'information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
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 

Belgium: Agence et 
Messageries de Ia Presse. 
1 RuedelaPetite-ILE 
Brussels 7 

Canada: Davis Circulation 
Agency, 1-53 St. Clair 
Avenue West. Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 13·1 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk.1103 Kobenhavn. 

Finland: Rautakirja OY, 
kolvuv._arankuja 2, 
01640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palalseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstraue 2 

Greece: Hellenic 
Distribution Agency, 
P.O. Box315,245 
Syngrou Avenue, 
Nea Smyrnl. Greece. 

Holland: Van Dltmar N.V., 
Oostelijke Handelskade11, 
Amsterdam 1004 · 

lndla:lnternational Book 
House, Indian Mercantile 
Mansion Ext, Madame 
Cama Road, Bombay 1 

Iran: A.D.A., 151 Khiaban 
Soraya, Tehran 

Israel: Stelmatzky's · 
Agency Ltd. Citrus House, 
P.O. Box 628. Tel Aviv 

Italy: l.ntercontinental 
s.a.s. Via Veracini 9, 
20124 Milano 

Japan: Western Publica
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome. Shinjuku-ku. 
Tokyo 160 

Lebanon: Levant Distri
butors Co., P.O. Box 1181 . 
Makdesi Street, Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors Sdn. Bhd .. 
Times House. 
390 Kim Seng Road, 
Singapore 9, Malaysia. 

M1lta: W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta . 

New Zealand: Gordon a. 
Gotch (New Zealand) Ltd. 
102 Adelaide Road, 
Wellington2 · 

Nigeria: Dally Times of 
Nigeria Ltd, 3 Kakawa 
Street. P .0. Box 139. 
Lagos 

Norw•v: A/S Narvesans 
Kioskompani. Bertrand 
Narveselis vei 2, Oslo 6 

Portugal : Livarla 
Bertrand s.a.r.l 
Apartado 37, A mad ora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 
Atheneum 1.1. Consejo de 
Clento. 130·13& Barcelona 
Hi 

Sweden: Wennegren 
Williams A B. Fack S-1 04, 
2!5 Stockholm 30 

Swltz•rland: Neville & 
Cle S,O., Rue Levrier 5-7, 
CH-1211 Geneve1 
Schmidt Agence A.G. 
Savogelstrasse 34. 
4002 Basle 

U.S.A.: John Sarlos, 
IPC Business Press. 
205 East 42nd Street, 
New York, N.Y.10017 

I' 
Postage 
will be 
paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 
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USE ONLY 

Position in Compan·y .. .. ................ . .... . ......... .. . . 

Nature of Company/Business ................ . ... . ........... . 

No. of emnloyees at this establishment ...... . .....•... · ......... . 
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Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
p_lease" comple~e the reverse side of 
this form and retl.lrn it with your 
remittance to : 

Subscription JVtanager, 
·1pc Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3D 
England 

, 
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Position in Company ..........••...••............ ............ 

Name of Company ......... ....•..•....... ...... ............ 

Address ...... . ................. .... ...... . .............. . 

Telephone Number.: .........•....... . .............•.•.... · 

Nature of Company/Business .... . . .. ... . .......•............. 

No. of employees at this establishment .......................... . 

VALID FOR SIX MONTHS ONLY 
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Postage 
will be 
paid by 
Licensee· 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 
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Wire less World Subscription Order Form Wireless World, July 1981 WW 167 

UK subscription rates 
1 year: £1 0.00 

Overseas 1 .year: £13.00 

USA & Canada subscription rates 

1 year: $33.80 

Please enter my subscription to Wireless World for 1 year 

1 enclose remittance value ........................ ..................................................... made payable to 

·IPC BUSINESS PRESS Ltd. 

Name ................................................... ... ............ .... .... ............................. ................................................ .. 

Address ................................. -........................................................................................... .. ..................... .. 

.. ; ................................................................................................................................................. . 
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BEFORE . 

AFTER! 

PUT A SMILE BACK ON 
YOUR OLD AVOMETER! 

Send it now for estimate, 

repair or recalibration 

Quick turn round 
on estimates/repairs 

Large stocks of new 

AVOMETERS 

Avo Sales and Service 

••••• Farnell 
~ International 

Farnell International Instruments Ltd., 
Sand beck Way. Wetherby 

West Yorkshire LS22 4DH 

Tel 0937 63541 Telex 557294 Farist G 

WW-004 FOR FURTHER DETAII.S 

A dual trace lOMHz :high sensitivity oscilloscope 
incorporating all the latest high technology 
developments to bring you all these 

At a price of '£240.00+ VAl 
Ensures British leade~ship in the.low·cost high 
performance oscilloscope market. · 

toutstanding features as standard. r" 
e lOcm x &m display. V Cl 

Distributors required in certain countries 

e 2mV sensitivify on both channels . 
e Add and invertfacUify. 
e Probe compensation. · 
e Push button X- Y. 
e Trace locate. 
elOMHZ (-3dBJ overfull display. 
e Complete with probes. 

COP EX 
Pixmore Avenue. Letchworth. 
Herts SG61JJ. Tel: (04626) 72771. 

~E!!:l 
I\ wish to pay by Barclaycard/T rust Card. 

Please charge to my account 
My Barclaycard/T rust Card No. is 

1· I I I I I I I I I I L l 
WW- 028 FOR FURTHER DETAILS 

Please send me full details of the l4Dl0. '-

Name 

Company 

Address 

Tel: 
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A MATTER OF 
lJFEOR 

When an accident occurs involving severe 
electric shock, people on the spot may be 
suffering from a kind of shock themselves. The 
realisation that one has literally only seconds to 
save a life can itself be momentarily paralysing. 

That's why Electrical Review has completely 
re-styled its Electrical Shock Chart. The new 
chart, prepared in consultation with St. John's 
Ambulance Brigade, highlights the main points 

in red, and explains and illustrates the actions to 
be taken so clearly that they can be grasped 
instantaneously even in a crisis. It also includes 
vital instruction on what to do if the casualty 
does not respond to artificial respiration- with a 
section on external heart compression. 

Action this second could save a life. Post 
this coupon NOW. 

VIVID RED AND BLACK. PLASTIC,CARD OR PAPER. 

SIZE 19 in x 13%in (474mm x 346mm) 

a£6ulate•t· 

.......... 

............ 

WIRELESS WORLD JULY 1981 

RHODE & SCHWARZ 
: Selective UHFV/Meter. Bands 4 & 5. USVF 
. Selectomat Voltmeter USWV £450. 
UHF Sig. Gen. type SDR 0 .3-1 GHz £750. 

· UHF Signal Generator SCH £175. 
XUD Decade Synthesizer & Exciter. 
POL YSKOPS SWOB f· and II. 
Modulator/Demodulator BN 17950/2. 

P. F. RALFE--ELECTRONICS 
10 CHAPEL STREET. LONDON, NW1 

TEL: 01-723 8753 

DC POWER SUPPliES 
*APT 10459/8, 12-14V @5Amps£25 j£2 p.p.) 
* APT 10459/8, 24V@ 5 Amps £25 (£2 p.p.) 

115 

. UH.FSig.. Gen. type SCR. 1-1.9GHz._ _ ____ _ 

MARCONI 

*We can supply the above power supply at any 
fixed voltage between 5V and 36V at 5A £25. 
*Mullard Dual suppl ies. Brand new with 
handbook. Pos & Neg 12V at 1A and 0.4A respecti
vely. Dimensions 9x4x5ins. £10 + (£1 p.p.) 
*FARNELL Current limited. Dimensions 7x5x4ins. 
Following typ.es available: 13-17 Volts @ 2A £15 . 
_3_7-~2-~s _@_1A sy_!~-5~_@2_~-~~(pp f !.:?.Ol.: . . 

TF9958/2 AM/FM Signal Generator. 
TF2500 Audio power meter 
TF11 01 RC oscillators £65. 
6551 SAUNDERS. 1400-1700MHz. FM. 

•TF1066B/1. 10-470MHz. AM/FM. 
iTF1152A/1 . Power meter. 25W. 500MH;. 
1£50. 
' TF1370A RC Oseillator £135. 
TF.Z91 D Carrier Deviation Meter. 

U.~f. SIGNAL GENERATORS 
• TF1066B/2 400-555MHz . Deviation to 
; 300KHz. 

1
TF1060/2 450-1250MHz. 

·JF105.8 L6-4000MHz. . 

BECKMAN TURNS COUNTER DIALS 
Miniature type (22mm diam.) . Counting up to 
15 turn "Helipots." Brand new with mounting 
'nstructions. Only £2.50.each. 

PRINTED CIRCUIT MOTORS 
'Printed Motors Ltd' type G16M4. 60V DC. 5 .5 
amps. Continuous torque 140oz. in . 2350 rpm . 
Diameter 7.5". Depth 2.5" . Shaft diam . Vz & 
3.4". Price from Printed Motors is now over 
£150 ea . Supplied in good. used condition, 
.tested & guaranteed £25 each (postage £3). 

~AUDIO & RF SIGNAL GENERATORS 
ADVANCE tYpes H 1. H 1 E. C2. SG62 B, J4A. 
!AYLOR 62A (AM/FM). AVO HF134 . 
Ali1MEC 352 Sweep Generator . 
MARCONI TF1066B/1 (AM/FM 10-
_470MI:Iz) . , ··-.-

LABoRATORY--OVENS. - GaH~~kamp-3 c~. 
ft. £145. Also Morgan Grundy 1 cu. ft. £55. 
20-WAY JACK SOCKET STRIP$, 3 pole 
type with two normally closed .contacts . £2.50 
eech (+ 25p pp). Type 316 three pole plugs for 
above -~ 20p ea. (pp free). 

RANK KALE.E 174iWow & FI\Jtter Meter. 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
DERRITRON 1KW Power Amplifier with control equipment 
for vibration testing, etc. 
HEWLETT-PACKARD 85518/8518 Spectrum Analyser . 
10Mhz-40GHz. 
HEWLETT-PACKARD tuned amp & null detector. 
HEWLETI-PACKARD 331A Distortion Meter 
RADIOMETER Distortion Meter 8KF6 £125. 

TELEVISION TEST EQUIPMENT 
TEXSCAN VS-608 Sweep Generator. 0-1 OOOMHz £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 0-500MHz£150. 
TELONIC 121 X-Y Display units£95. 

. -. -OSCiliostOPE SALE 
ADVANCE OS250. Dual Beam lOMHz£185 
HEWLE"(TcPACKARD 1707A. 7 5MHz £450. 
TELEQUIPMENT D75. 
TELEQUIPMENT DM64 Storage scope . 
DYNAMCO D7100. 
HEWLETI-PACKARD 122A SB. Audio . 
AIRMEC 279. 4 Beam Display Scope. 
TEKTRONJX 581 A. 545A & B, 544, 661, 51 SA. 

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 ADD 15% VAT TO ALL PRICES . 

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 in the 
Electricity Council, C.E .G. B., Area Boards and other 

SPECIAL PURCHASE 
LAMBPA. POWER SUPPLIES 

Excellent LXS Series DC power units at less than a· 
· tenth of new price. The snag? - they're all 11 OV AC 

Input. Prices as follows : 
5V at 24A. LXS D5 OV R. £25. (List £350). 
15V at 12A. LXS D15 R. £20. (£339). 

· 5V at 14A. LXS CC 5 OV. £20. (£258). 
24V at 3.1 A.LCS C 24. £15. (£223). 

Carriag~ e~c_hg_._s~~~~~"~ -

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. £125 
RADIOMETER AFM/1 3.5-320MH2. AM/FM. £145 

' RACAL 409 3-600MHz. AM/FM . 

• 
ROTRONINSTRUMENT 

COOLING FANS 
-tc I Supplied in excellent cond it ion , fully 
-tc tested: ' 
-tr, 115V, 4.5 X 4.5 X 1.5" £4.50. 230V 

£5. 115V. 3 X 3 X 1.5" £4 +postage 
. ea . 35_o. 

CT212 RF Signal Generators. 85KHz-32M Hz · 
£55. 

· BELL & HOWELL MICROFICHE . 
it: VIEWERS 
-ttl Type SR5. Screen size 9 x 5in. New condi
irl tion. £50. 

DIGITAL MULTI-METERS 
DE FOREST ELECTRONICS TYPE MM200 . DC 
V 0-1KV. 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 NEW. SPECIAL REDUCED PRICE OF 

£39, INCLUDING VAT & P.P. 

organisations. 

• Major authorities, government departments 
associated with the electrical industry. 

~-~-------- ·---, To: General Sales Department, Room 205, Quadrant I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

• 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. 

House, The Quadrant, Sutton, Surrey, SM2 5AS. 

Please send me .. . ...... ... . . copy/ies of ELECTRICITY 
SUPPLY HANDBOOK 1981 

Name 

Address _ _______ _ 

Company r~gistPH•d in England No . 67712H. Reg. Office : QuadrantliousP. 
Ttw Quadrant, Sulton, SurrPy. S M2 5AS . .. ________________________ ... ------·-----------.I 
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1ecial Offer 

lCh 

l~ 
~st 

'tors 
.. 'tors 

.... &..~stry 
-I :»TREET, TAVISTOCK 

...,.,.., PL 19 OJF ENGLAND 
-· .avistock (0822) 5439- Telex: 45263 

- "'LL ABOUT IT ,.;_ all the latest on home 
entertainment equipment and ideas in ••• 

HI Fl YEARBOOK AND HOME 
ENTERTAINMENT 1981 

WW - 082 FOR FURTHER DETAILS 

Published again in November, this new 1981 edition in larg·er magazine 

size means more comprehensive coverage of the whole range of home 

entertainment equipment, from aeria'ls 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. 

-----------------ORDER FORM 
To: General Sales Manager, Room 205, Quadrant 
House~ The Quadrant, Sutton, Surrey, 5M2 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 I PC Business Press Ltd. 

·Name 
(please print::-)-------------------

Address _______________________________ ___ 

:Registered in England No. &77126. 

I 
I 
I 
I 
I 

-
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Registered in f.ngland 1 7 79820 
01

_
747 1555 

267 & 270 ACTON LANE, LONDON W4 50_!3. Telephone: 01 __ 994 6275 

9.30 a.m.-6 p.m. 
MON.-SAT. 
CONTINUOUS 

STABILISED POWER SUPPLI~S 
FARNELL A1S: 210/240V IP. Dual Op. 12-17v per rail at 
100mA. Remote sensing, current limit protection. (164 x 130 
x 38mm), '{Vith manual. £12. 
FARNELL 7/3SC: 120/240V IP. Adjustable current limit. Re
mote sensing. (188 x 96 x 93mm). Two versions available: 
15V at 2A or 30V at 1A. £1S ea. . _ 

COUTANT OA2: Op. amp, psu, 120/240V IP. Dual Op. 12-15v 
at 1 OOmA. (138 x 80 x 45mm). £12 ea. or 2 for £22. 

BRANDENBURG Photomultiplier PSU. 19in. rack mounting. 
Metered, current limit protection. _ 
374,374R 300V-1KV at 5mA. 
375 500V-1 K5V at 6mA. 
376 660V~ 1 K6V at 1 OmA. 
Model 374R has reversible polarity op. All others have nega
tive polarity op. 
All models £40. 
Some photo multiplier tubes available. 

COUTANT ESM3: .105/115/220/240V IP. Four separate ops: 
5V at 3.A stabilised with current limit, overvoltage crowbar 
protection and remote sensing. 
±12 to ±15V at 500mA stabilised. 
12 or 24V unstabilised. (125 x 80 x 275mm). £30. 

SPECIAL OFFER. 10MFD 500v ECC 20p ea., 10,000 MFD 16v 
Mullard 35p ea., 3,300 MFD 40v Mullard 3Sp ea. 10~-tF/63v 

MIMA polyester 10% 50p ea. Large quantities available. 

ELECTROLYTIC CAPACITORS. Very large stock holding. 
Mostly ITT EN1212m EN1235types. 
Please send for our electrolytic list, e.g.: 220/50VA, 2200/25R, 
470/25R, 4700/25A, 470/50A, 2200/100 CAN. 

CAPACITORS-DISC CERAMIC 
Over 2 million now in stock, mostly ITT. Many high-voltage 
types, e.g.: 
210p 8KV, 1 n 1KV, 2n2 2KV, 1 On 2KV. 
220p 1 KV, 1 n5 3KV, 4n7 1 K5V. 
Please send for our ceramic capacitor lists. 

PYE HEAD CLEANING CAS
SETIES. Brand new or 
boxed, 50p ea. 

CASSETIE DECKS: With 
stereo heads, mechanical_ly 
complete, but with no 
electronics. Smart black 
modern finish. £S.OO 

We have VERY LARGE 
QUANTITIES available 
0.1 ~-tl16v disc ceramic by ITT. 
Pitch 5mm. Price £20/£1,000. 
Brand new and boxed. 

PIHER PRESETS 
Very large stocks, PT1 0, 
PT15 enclosed types. Please 
send for our preset list. Most 
values 1 OOR-5M 

HEAVY DUTY 
KEYSWITCHES 

2P 12A 600V AC . £1.50 
8P 1 OA 380V AC £3.00 
1 OP 12A 600V AC £3.00 
49mm ·o Fascia. 

ROTARY POTS 
Good range stocked. Please 
phone your requi,rements. 
Large stocks of the fol
lowing: 
1 OOK UN + push switch 30p 
22K LOG + switch 30p 
2K2 LIN 30p 
CANNON 15w sockets, b 
type or Souvrian/McMurdo 
Daiss 60p ea. Also Cannon 
9w plug, brand new, 60p ea. 

WELWYN STRAIN GAUGE. 
(Precision micro-mea
surements). Romulus Miche
gan type MA-09-500B4-350. 
Our price £1.25 ea. List price 
£3.85. Large quantities avail-
able. · 
% 1S Turn Ceremet Trimpot 
100Kn. 1 off price, 20p. By 
Beckman & A.B. 
REDPOINT HEATSINK, Type 
TV4 1Sp ea. 1 off price. 
Discount on quantity. 
We have the following Wel
wyn .1% Resistors available, 
2K, 3K, 1 OK, 20K, 30K, 1 Meg. 
Price 2Sp ea. Type 4802. 
BURROWS CONNECTOR 
(LH)1701, 41c, 20p; Burrows 
Connector (RH) 1201, 4LC 
2Sp. Large quantities avail
able. 
METWAY P.C. CONNECTOR, 
3-way type P95/3DS, 10p ea. 
ITI TEMPKIT Electronic ther
mostat ZBI.5669. Brand new. 
£4ea. 
4-WAY DPDT AND S-WAY 
DPDT OIL SWITCHES, by 
ERG Components and CTS. 
Gold contacts £1 ea. Brand 
new and boxed. 
BUZZERS, 6v and 12v, SOp 
ea. 
WIRE ENDED NEONS 
£20/£1,000. 
SPECIAL OFFER. Mini-toggle 
switch by C. & K., 3 Pc/o. 
Long dolly or short, SOp ea. 

D TO A CONVERTERS 
15MHz, 8 BIT 

By Micro Consultants Ltd. 500 cable drive op. Linearity 
0.25%, max. 0.125% typ. Settling time: 2V step 70nS typ. 
2MV step 50nS colour television transmission standard. Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 

_ Unused. Ex-maker's pack. 

JUST IN! 
SEMICONDUCTORS, BRAND NEW AND BOXED ... TEXAS, 
FAIRCHILD, SIGNETICS, NATIONAL, MOTOROLA, FER
RANTI, SGS, MULLARD ... OVER A MILLION, AT PRICES 
YOU'VE NEVER SEEN BEFORE ... 

INTEGRATED CIRCUITS 

Type Stock Each 
7401 12,400 .08 
7402 4,400 .08 
7405 5,400 .10 
7420 1,200 .10 
7425 4,500 .20 
7473 1,500 .20 
7475 . 10,000 .25 
7486 6,200 .25 
7489 7,200 1.SS 
74123 15,150 .4S 
74125 2,000 .26 
74154 1,900 .60 
75452 19,700 .40 
74LSOO 39,600 .10 
74LS01 11,200 .10 
74LS02 2,650 .10 
74LS10 14,500 .10 
74LS11 53,300 .20 
74LS30 9,600 .12 
74LS73 18,600 .20 
74LS75 4,750 .2S 

-Type Stock 
74LS76 7,000 
74LS138 13,900 

,74LS157 3,800 
74LS175 4,800 
74LS192 29,200 
74LS193 6,650 
74LS221 30,800 
74LS251 600 
74LS273 10,000 
74LS290 40,300 
74LS293 35,000 
74LS390 2,100 
UA709 25,400 
UA709A 18,600 
*TMS1000 9,555 
TMS4036 3,400 
DSB889 12,100 
MC3491 6,000 
40085BPC 23,000 

* 4-bit Comparator 

Each 
.20 
.36 
.34 
.68 
.50 
.6S 
.6S 
.6S 
.7S 
.45 
.4S 
.6S 
.2S 
.2S 

1.00 
1.00 
1.00 
1.00 
POA 

TRANSISTORS 

Type Stock Each 
2N1306 10,400 POA 
2N1307 c 2,000 POA 
2N3055 12,500 .45 
FRB876 7,400 POA 
FRB877 17,600 POA 
R1076 7,350 PO~ 

Type 
BC184L 
BFR86 

. BD240C 
BCY70 
ZTX342K 
ZTX542K 

Stock 
248,000 

68,400 
16,200 
51,800 

149,000 
128,000 

Each 
.08 

POA 
.22 

POA 
.08 
.08 

YES, IT'S TRUE! ... AND with do-it-yourself DISCOUNTS 
PER ITEM: 100 up, 10%; 1000 up, 25%; 10,000 or more, 
PLEASE RING ... *** Before you grab calculator and chequebook, please 
note: AT THESE PRICES, MINIMUM ORDER ON SEMICS IS 
£10 ... plu's p. & p. and V.A.T. · 

SPECIAL OFFER: Filmet 
SC65 1 MO 0.1% metal film 
resistors 20p ea. 

CERMET PRESETS · 1Sp ea. 

MINATURE AB16 POTS 
PCB mounting 16mm0 
100K LOG DG 
220K LOG DG 
100K LIN SG 

10A 250V AC ILLUMINATED 
ROCKER SWITCH 

Red, DP ST 26x30mm rect. 
Snap-in type 7Sp 

16A 2SOV AC ILLUMINATED 
ROCKER SWITCH 

(Amber). 14x30mm rectang
ular snap-in type. SPST 30p 

·- - WIREWbUND POTS 
lOR-lOOK by A.B., Colvern, 
etc. 1112W 40p, 3W 60p, 5W 
SOp. 

TRIM POTS 
10R-500K 10/20 turn. 11/4in. 
or %in. rectangular 60p ea. 

JEAN RENAULD SWITCH 
BANKS 

Many types available, e.g.: 
4x2PCO 40p 
6x2PCO 60p 
5x2 PCO + 2x4 PCO 70p 

VU METERS 
40x30x23mm deep. 
White/red scale on black 
background. Brand new. 

60p ea. 

This advertisement is .mainly of our exc~ss stock holding. We also have excellent stocks of semiconductors, hardware, cables, 

etc, etc. For f~r:ther details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT 

(and P&P). Mm1mum Mail Order £5 + P&P +VAT. Government departments, schools, colleges, trade and export welcome. 
(7479) 

WW - 083 FOR FURTHER DETAILS 
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What 
~~~ .. ~ 

- .......................... • 

No matter what panel meter you may be looking for we can give 
you the meter you want. The Bach-Simpson range of standard 
models represents the largest selection of meters you will find 
anywhere. See our new catalogue and you will see what we mean. 
You may of course, have a need for customised meters. Do you 
require special sensitivities, special movement ballistics or special 
scales? · 
No problem! you tell us we cim supply. 
With our UK manufacturing facilities and our new Mod-Centre, we 
can produce meters to meet your requirements. 
If you would like to know more - write or 'phone now and ask 
for Colin Williams. 

. l 
Special Offer 

85 pence each 
in 1,000 lots! 

While stocks last 

Ld)_ 
Bach·Simpson 

STRUTT LTD. 

·I 
I 
I 
I 
I 

Electronic Component Distributors 
Manufacturers and sub-contractors 

to the Electronic Industry 
Bach-Simpson (U.K.) Limited, 

Trenant Estate, Wadebridge, Cornwall, PL27 6HD. 
Telephone: (020881) 2031 Telex: 45451 

3d BARLEY MARKET STREET, TAVISTOCK 
DEVON PL 19 OJF ENGLAND 

WW- 081 FOR FURTHER DETAILS 
Tel : Tavistock (0822) 5439- Telex: 45263 

READ ALL ABOUT IT - all the latest on home 
entertainment equipment and ideas in • •• 

HI Fl YEARBOOK AND HOME 
ENTERTAINMENT 1981 

WW - 082 FOR FURTHER DETAILS 

P_ublished again in November, this new 1981 edition in larger magaz ine 

s1ze means more comprehensive coverage of the whole range of home 

ent~rtainment equipment, from aerials to headphones, from microphones 
to v1deo recorders and from radios to electron ic organs. . 

Backed by authoritative art icles on developments in the world of Hi Fi, 
plus details of stockists, Hi Fi Yearbook and Home Entertainment 1981 is 
essential reading for enthus iasts and buffs. . 

Available from lead ing newsagents and bookshops from 1st November 
1980. Price £3.00. 
If you have difficulty in obtaining your copy o rder direct from the 
publishers@ £3.50 inclusive. 

-----------------ORDER FORM Name 
(pleaseprin:-;-t)--------- - ---------

To: General Sales Manager, Room 205, Quadrant 
House, The Quadrant, Sutton, Surrey, 5M2 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 I PC Business Press Ltd . 

Address ________________________________ ___ 

;Registered in England No. 6771 28. 

I 
I 
I 
I 
I 

L ---- -~ ·. ----------------------- ~ 

WIRELESS WORLD JULY 1981 117 

Registeredin(ng/and 1179820 · 
01

_
7471555 

267 & 270 ACTON LANE, LONDON W4 50_!.2. Telephone: 01 _994 6275 

9.30 a.m.-6 p.m. 
MON.-SAT. 
CONTINUOUS 

STABILISED POWER SUPPLI~S 
FARNELL A15 : 210/240V IP. Dual Op. 12-17v per rail at 
100mA. Remote sensi ng, current limit protection. (164 x 130 
x 38mm), ~ith ma nua l. £12. 
FARNELL 7/3SC: 120/240V IP. Adjustable current limit. Re
mote sensing . (188 x 96 x 93mm). Two versions available: 
15V at 2A or 30V at 1 A. £15 ea. _ _ 

COUTANT OA2: Op. amp, psu, 120/240V IP. Dual Op. 12-15v 
at 100mA. (138 x 80 x 45mm). £12 ea. or 2 for £22. 

BRANDENBURG Photomu ltip lier PSU . 19in. rack mounting. 
Metered, current limit protection. 
374,374R 300V-1 KV at 5mA. -
375 500V -1 K5V at 6mA. 
376 660V ~ 1 K6V at 1Om A. 
Model 374R has reversible polarity op. All others have nega
t ive polarity op. 
All models £40. 
Some photo multiplier tubes available. 

COUTANT ESM3 : 105/115/220/240V IP. Four separate ops: 
5V at 3A stabilised w ith current lim it, overvoltage crowbar 
protection and remote sensing. 
± 12 to± 15V at 500mA stabilised. 
12 or 24V unstabilised. (125 x 80 x 275mm). £30. 

SPECIAL OFFER. 10M FD 500v ECC 20p ea ., 10,000 MFD 16v 
Mullard 35p ea., 3,300 M FD 40v Mullard 35p ea. 10[!F/63v 
MIMA po lyester 10% SOp ea. Large quantities available. 

ELECTROLYTIC CAPACITORS. Very la rge stock holding. 
Mostly ITI EN1212m EN1235 types. 
Please send for our electrolytic I ist, e.g.: 220/50VA, 2200/25R, 
470/25R, 4700/25A, 470/50A, 2200/100 CAN. 

CAPACITORS - DISC CERAMIC 
Over 2 million now in stock, mostly ITI. Many high-voltage 
types, e.g. : 
210p 8KV, 1 n 1KV, 2n2 2KV, 1 On 2KV. 
220p 1 KV, 1 n5 3KV, 4n7 1 K5V. 
Please send for our ceram ic capacitor lists. 

PYE HEAD CLEANING CAS
SETIES. Brand new or 
boxed, 50p ea. 

CASSEITE DECKS: With 
stereo heads, mechanical_ly 
complete, but w it h no 
electronics. Sma rt black 
modern finish. £5.00 

We have VERY LARGE 
QUANTITIES available 
0.1 [!/16v disc ceramic by ITI. 
Pitch 5mm. Price £20/£1,000. 
Brand new and boxed. 

PIHER PRESETS 
Very large stocks, PT1 0, 
PT15 enclosed types. Please 
send for our preset list. Most 
values 100R-5M 

HEAVY DUTY 
KEYSWITCHES 

2P 12A 600V AC . £1.50 
8P 1 OA 380V AC £3.00 
1 OP 12A 600V AC £3.00 
49mm ·o Fascia . 

ROTARY POTS 
Good range stocked. Please 
phone your requiiements. 
Large stocks of the fol 
lowing: 
1 OOK LIN + push switch 30p 
22K LOG + switch 30p 
2K2 LIN 30p 
CANNON 15w socket s, b 
type or Souvrian/ McMurdo 
Daiss 60p ea. Also Cannon 
9w plug, brand new, 60p ea. 

WELWYN STRAIN GAUGE. 
(P r ecision m i c ro-me a
surements). Romulus M iche
gan type MA-09-500B4-350. 
Our price £1 .25 ea. List price 
£3.85. Large quantities ava il
able. 
% 1$ Turn Ceremet Trimpot 
1 OOK:n:. 1 off price, 20p. By 
Beckman & A.B. 
REDPOINT HEATSINK, Type 
TV4 15p ea. 1 off price. 
Discount on quantity. 
We have the following Wel
wyn .1% Resist ors available, 
2K, 3K, 1 OK, 20K, 30K, 1 Meg. 
Price 25p ea. Type 4802. 
BURROWS CONNECTOR 
(LHl1701, 41c, 20p; Burrows 
Connector (RH) 1201, 4LC 
25p. Large quantities avail
able. 
METWAY P.C. CONNECTOR, 
3-way type P95/3DS, 10p ea . 
liT TEMPKIT Electronic ther
mostat ZBI.5669. Brand new. 
£4 ea. 
4-WAY DPDT AND 5-WAY 
DPDT OIL SWITCHES, by 
ERG Components and CTS. 
Gold contacts £1 ea. Brand 
new and boxed. 
BUZZERS, 6v and 12v, 50p 
ea. 
WIRE ENDED NE O N S 
£20/£1 ,000. 
SPECIAL OFFER. M ini-toggle 
switch by C. & K., 3 Pc/o. 
Long dolly or short, 50p ea. 

D TO A CONVERTERS 
15MHz, 8 BIT 

By Micro Consultants Ltd. 500 cable drive op. Linearity 
0.25%, . max. 0.125% typ. Settling time: 2V step 70nS typ. 
2MV step SOnS colour television transmission standard. Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 

_ Unused. Ex-maker's pack. . 

JUSTIN! 
SEMICONDUCTORS, BRAND NEW AND BOXED ... TEXAS, 
FAIRCHILD, SIGNETICS, NATIONAL, MOTOROLA, FER
RANTI, SGS, MULLARD ... OVER A MILLION, AT PRICES 
YOU'VE NEVER SEEN BEFORE . .. 

INTEGRATED CIRCUITS 

Type Stock Each 
7401 12,400 .08 
7402 4,400 .08 
7405 5,400 .10 
7420 1,200 .10 
7425 4,500 .20 
7473 1,500 ' .20 
7475 10,000 .25 
7486 6,200 .25 
7489 7,200 1.55 
74123 15,150 .45 
74125 2,000 .26 
74154 1,900 .60 
75452 19,700 .40 
74LSOO 39,600 .10 
74LS01 11,200 .10 
74LS02 2,650 .10 
74LS10 14,500 .10 
74LS11 53,300 .20 
74LS30 9,600 .12 
74LS73 18,600 .20 
74LS75 4,750 .25 

·Type Stock 
74LS76 7,000 
74LS138 13,900 

,74LS157 3,800 
74LS175 4,800 
74LS192 29,200 
74LS193 6,650 
74LS221 30,800 
74LS251 600 
74LS273 10,000 
74LS290 40,300 
74LS293 35,000 
74LS390 2,100 
UA709 25,400 
UA709A 18,600 
*TMS1000 9,555 
TMS4036 · 3,400 
DS8889 12,100 
MC3491 6,000 
40085BPC 23,000 

* 4-bit Comparator 

Each 
.20 
.36 
.34 
.68 
.50 
.65 
.65 
.65 
.75 
.45 
.45 
.65 
.25 
.25 

1.00 
1.00 
1.00 
1.00 
POA 

TRANSISTORS 

Type Stock Each 
2N1306 10,400 POA 
2N1307 c 2,000 POA 
2N3055 12,500 .45 
FRB876 7,400 POA 
FRB877 17,600 POA 
R1076 7,350 PO~ 

Type 
BC184L 
BFR86 

·BD24oc 
BCY70 
ZTX342K 
ZTX542K 

Stock 
248,000 

68,400 
16,200 
51,800 

149,000 
128,000 

Each 
.08 

POA 
.22 

POA 
.08 
.08 

YES, IT'S TRUE! ... AND with do-it-yourself DISCOUNTS 
PER ITEM: 100 up, 10%; 1000 up, 25%; 10,000 or more, 
PLEASE RING ... 
*** Before you grab calculator and chequebook, please 
note: AT THESE PRICES, MINIMUM ORDER ON SEMICS IS 
£10 ... plus p. & p. and V.A.T. 

SPECIAL OFFER : Filmet 
SC65 1MO 0.1% metal film 
resistors 20p ea. 

CERMET PRESETS 15p ea. 

MINATURE AB16 POTS 
PCB mounting 16mm0 
100K LOG DG 
220K LOG DG 
100K LIN SG 

1 OA 250V AC ILLUMINATED 
ROCKER SWITCH 

Red, DP ST 26x30mm rect. 
Snap-in type 75p 

16A 250V AC ILLUMINATED 
ROCKER SWITCH 

(Amber). 14x30mm rectang
ular snap-in type. SPST 30p 

·-- WIREWOUND POTS 
10R-100K by A.B., Colvern, 
etc. 11f2W 40p, 3W 60p, 5W 
SOp. 

TRIM POTS 
10R-500K 10/20 turn. 1%in. 
or %in. rectangular 60p ea. 

JEAN REN A ULD SWITCH 
BANKS 

Many types available, e.g.: 
4x2PCO 40p 
6x2PCO 60p 
5x2 PCO + 2x4 PCO 70p 

VU METERS 
40x30x23mm deep . 
White/red scale on black 
background. Brand new. 

60p ea. 

This advertisement is .ma inly of our exce~s stock holding. We also have excellent stocks of semiconductors, hardware, cables, 
etc, etc. For further details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT 
(and P&P). Minimu m Mail Order £5 + P&P +VAT. Government departments, schools, colleges, trade and export welcome. 
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Aro!Jndthe ~orld some thousands of radio 
stat1ons are sending signals. If you're 
rece~ving, this st~ndard guide will tell you 
who s where. It l1sts stations broadcasting in 
the l?ng, ~edium, short wave and vhf bands, 

. deal1~g With them by frequency, geographical 
locat1on and alphabetical order. Sections are 
helpfully cross referenced. The Wireless World 
~Uide to Broadcasting Stations is the 
e1gh!eent~ edition of a publication which has 
.sold_ over 270,000 copies. In addition to the 
stat1ons data, it includes much useful 

1 ~nfor~~ti~n on aerials, propagation, signal 
1dent1f1cat1ons--an~ !eception reports. 

·To: General Sales D~pt.~ Room 205 · 
,Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS 

Please send !fle copy/ies of the Wireless World Guide 
to Broadcasting ~lations (18th edition) @ £3.25 a copy inclusive, (U.K.), 
$8 overseas, remittance enclosed. Cheque/P.O. payable to 
IPC Business Press Ltd. 

Name 
(please:-p;:::r::in~t)----------------------

Addres~----------------------

•• 
I 
l 

'Registered in England No . 677128 I 
'-~.,....._------~~"'""'""---..::!l!i•L Registered Office : Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS r 
. ---------------- J 

. . .· -------------~-
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Advertisements accepted· 
up to 12 noon Monday, 

. June 29, for August issue, 
subject to space being 
available. 
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Appointments 
r - .. ·- ··- . . . . ~ 

DISPLAYED APPOINTMENTS VACANT: £12 per single col. centimetre (min. 3cm) 
LINE advertisements (run on): £2 per line, minimum Slines (pre-payable). . _ 
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.) . 

i PHONE: JAYNE PALMER, 01-661 3033 (DIRECT LINE) 
Classified -Advertisement Rates are currently zero rated for the purpose of V.A. T. 
~ ~ 

ALWAYS AHEAD WITH 
THE BEST! 
£5,000-£15,000 
PDP 11: NOVA: ECLIPSE: Z80: 8080: 6800: BIT-SLICE: TTL: 
ECL: RADAR: SONAR: SATCOM: Phototypesetters: Wordpro
cessors: Flight Simulators: ATE: Electro-Medical: Teletext: 
Data-Comms: Automation: Microwave? 

Where does your skill and interest lie -
Design? Test? Service? Software? Consultancy? or perhaps Research? 

* Our clients are drawn from all sectors of industry: 
* There are opportunities for Managers, Project Managers, Engineers and Technicians. 
* Most UK locations and some Overseas. 
* Make your first call count- Contact MIKE GERNAT on 076 384 676/7 (usually until 8 p.m.) 

ELECTRONIC COMPUTER AND .MANAGEMENT APPOINTMENTS LIMITED 
148-150 High St., Barkway, Royston, Herts SG8 8EG. 

APPOINTMENTS 
IN 

ELECTRONICS 
to £15~000 

MICROPROCESSORS 
COMPUTERS -MEDICAL 
DATA COMMS - RADIO 

Des1gn, test, field and 
support engineers - - for 
immediate action on 
salary and career advance
ment, please contact : 

cgz~lJ!!.f!.!Jl~!l<o# 
11, Westbourne Grove 

LondonW2.01-229 9239 (9257) 

DIGitAL EXPERIENCE? 
FIELD, SUPPORT AND 

PRODUCTION. VACANCIES IN 
COMPUTERS, NC, COMMS., 

MEDICAL, VIDEO, ETC. 

Forfree registration ring 
0453 883264 
01-290 0267 

L~X 
ELECTRONICS RECRUITMENT SERVICE 

LOGEX HOUSE, BURLEIGH, STROUD 
GLOUCESTERSHIRE GL5 2PW 
TEL. 0453 883264, 01-290 0267 1321 ) 

Electronic Engineers-
What you 1Manl, W'here you W'anl! 
T JB Electrotechnical Personnel Services is a specialised appointments 
service for . electrical and electronic engineers. We have clients throughout . 
the UK who urgently need technical staff at all levels from Junior Technician 
to Senior Management. Vacancies exist in all branches of electronics and · 
allied disciplines - right through from design to marketing - at salary 
ievels from around £4000 to£12000 p.a. · 

If you wish to make the most of your qualifications and experience and 
move another rung or two up the ladder we will be pleased to help you. 

All applications are treated in strict confidence and there is no danger of 
your present employer (or other companies you specify) being made aware 
of your application. 

T JB ELECTROTECHNICAL 
PERSONNEL SERVICES, 
12 Mount Ephraim, 
Tunbridge Wells, 
Kent. TN4 8AS. A 
Tel: 0892 39388 V 

.. ~""~ ....................... . 
Please send me a TJB Appointments Registration form : 

Name .................................... .- ., 

Address .... · . . ..................... . ....... . . . 

• ' • •• •••••••••••• • • • • ••••••••• • ••• 0 •••••••••• 
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Service & Installation 
Engineers APPOINTMENTS 

, IN 

ELECTRONICS 
to £12,000+ An Electronic Defence Systems company in the South of England is seeking Service & 

Installation Engineers to be engaged on the installation and technical support of complex MESSAGE SWITCH 
DATA COMMS-TELEMETRY 
TELEGRAPHY-RF COMMS 

Interesting and varied op
portunities, U.K. and over
seas. !=or immediate action 
on salary and career 
advancement. contact: 

medical electronic equipment, both at home and abroad. · 
They arc looking for adaptable self-reliant engineers who are prepared to spend periods 
of up to approximately four months overseas. The successful candidates will have a good 
knowledge of semi-conductor circuitry, be qualified to H.N.C. or equivalent standard and 
\\"ill preferably have worked on such equipment as modern high-power radar systems. 
Please write quoting ref: WW /386 giving full details. of career to date, listing any 
co.mpanics to ";~om you do not wi_:>h your application forwar.?ed, to: john Maines, ~c.~ 
Riley Advertismg (Southern) Limited, Old Court House, Old Court Place, ~~ 
Kensington, London, WB 4PD. c.q_ 

~<f 
A member of the Rex Stewart Group 
LONDON BIRMINGHAM BRISTOL EDINBURGH GLASGOW 
LIVERPOOL MANCHESTER NEWCASTLE NOTTINGHAM PERTH 

TECHNICIAN 
(MOBILE RADIO) 
£6500-£7500 · Western Home Counties 

This subsidiary of a world-wide group markets a diverse range 
of electrical and electronic products throughout the UK. 

They are looking for a Technician to install and service a range 
of ractio telephone products. The successful candidate will be 
responsible for the service support needed by the Sales Te-am and 
may also be called upon to develop a contribution to the customer 
training programme. 

Applications are invited from candidates qualified by 
experience of ins'tanation and servicE~ work in the mobile radio 
telephone field and with the ability to develop as a member of a 
dynamic team. 

Candidates should be prepared to travel widely in the course of 
these duties, a mobile workshop being provided. 

The benefits package includes a contributory pension scheme, 
life assurance plus generous relocation assistance. 

Please write with full career details or telephone for an 
application form in strict confidence quoting ref WW/546 · 
to: Ray Diamond 

Gerrard Recruitment Service, 
10 Argyll Street, London W1 V 2BQ. Tel: 01-437 6816 

Due to further expansion 

HUMPHRIES VIDEO $ERVICES 
have vacancies for the following positions: 

SENIOR ENGINEER 
ENGINEERS 

TECHNICAL OPERATORS 
Applicants should have experience in the maintenance or operation of Ouadruplex 
and Helical Scan VTR, and Mk. Ill Telecines. 
Humphries Video Services are one of the major video cassette duplication houses in 
the U.K., with an increasing involvement in post production and facilities services, 
and offer an excellent salary to successful applicants. 
Please reply in writing to: 

The Technical Manager 
l:tUMPHRIES VIDEO SERVICES L TO. 

32 Eveline Road, Mitcham, Surrey CR4 3LE 111551 

i (1164) 

... ,. 
~ 

?:>"' 
~~ 

cP 

COLOUR VIDEO SERVICES 
have a vacancy for ~n enthusiastic 

BROADCAST VIDEO ENGINEER 
Experience in maintenance and operation of 2in. quad 
VTR is essential. Knowledge of 1 in. "C" format VTR 
would be very useful. There would be opportunities to 
gain experience on flying spot telecine and other equip
ment on the station. Salary between £6,427 and £8,246 
according to experience. 

Applicants please telephone: 
Mr. F. H .. Weinel 

on 01-486 2881, or write to: 
COLOUR VIDEO SERVICES LIMITED 

22-25 Portman Close, Baker Street, London, W.1 

UNIVERSITY OF OXFORD 
DEPARTMENT OF PSYCHIATRY 

ELECTRONICS TECHNICIAN 

11183) . 

Electronics Technician required for varied and challenging post in medi
cal research. Duties include the design and construction of equipment 
used in psychological and physiological experimentation. Applicant must 
be thoroughly conversant with discrete components, micro circuit ampli
fiers, TIL and c.mos techniques and be able to design both analogue and 
digital circuits. Knowledge of microprocessors an advantage. 
Salary scale: Whitley Council Medical Physics Technician Ill £5223-£6750 
or II £6291-£7845 p.a., dependent on age and experience. 
Further details from Dr. D. Johnston, Psychological Treatment Research 
Unit, The Warneford Hospital, Oxford OX3 7JX (Tel. Oxford 45651, exten
sion 218). 

(1152) 

URGENT 
ELECTRONICS ENGINEERS FOR 
HUNDREDS OF VACANCIES INCLUDING_.: . . 

--SENIOR SOFTWARE ENGINEER for rapidly expanding company, involved in mpu . 
based instrumentation for quality control. 8080/8085 Machine Code, Assembler and 
Basic. W. LONDON, to £10,000. 
YOUNG ENGINEERS for applied research connected with sonar, radar, RF 
microwave, signal processing and opto-electronic circuitry. SOUTH COAST, to 
£8,000. 
VIDEO ENGINEERS complex projects associated with moving picture processing and 
transmission, complex signal processing, frame and picture storage techniques . . 
BERKS. to £10,000. 
DES/DEV ENGINEERS for data communications projects including: network manage
_ment sy~~':":'~~:'d c_~lour graphic~ BUCKS. to £10,000. 

Cha_rl~s_Air~y __ Asso~i_a_tes. 
4 Hammersmith Grove. london W6 ONA. Tel: 01-741 4011 !1175) 

,, 
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GOVERNMENT OF DUBAI 
DUBAI RADIO AND COLOUR TELEVISION 

TELEVISION ENGINEERING DEPARTMENT 

Applications are invited from suitably qualif~e~ Engin_eers _with s~veral 
years' proven experience in the field of Telev1s1on Engmeenng to fill the 
following vacancies: 

1. TELEVISION STUDIO 
ENGINEER 

To be responsible to the Chief Engineer for the maintenan~e of all equip
ments within the Television Studio Complex and Outs1de Broadcast 
Units. ·candidates should preferably have some experience of Memory . 
Modulated Lighting Systems. All studios are equipped with EMI 2005 
Cameras and Richmondhill Laboratory Mixers. LDK 14 Cameras are used 
in the Eng. Unit and Ampex BCC-20 Cameras in the OB Unit. 
Salary shall be sterling £13,000-£14,000 depending on experience. 

2. V.T.R. ENGINEER 
To be responsible to the Chief Engineer for the mai_ntenance of all VTR 
Equipments witbin the Studio Complex and Outs1de Broadcast Unit. 
Candidates should preferably have experience in AMPEX 1200B, AVR2, 
VPR2 and VPR20 machines. 
Salary shall be sterling £13,000-£14,000 depending on experience. 

3. LIGHTING DIRECTOR 
To be responsible to the Chief Engineer for the lighting of all drama ':lnd 
light entertainment productions and shall act in the capac1ty of Techmcal 
Manager. 
Salary shall be sterling £17,000-£18,000 depending on experience. 

Salaries quoted are annual and are ta~-free. Th~ initial C?!ltract shall_be 
for a period of 2 years and further details regard1~~ cond1t10ns of serv1ce 
may be obtained from Mr. J. Billett, Falcon TeleVISIOn, 7a Grafton Street, 
London, W1X 3LA. Tel. 01-629 6848. 
Applications, which shall be treated with the strictest confidence, should 
be sent, accompanied with full c.v. and U.K. telephone contact, to: 

Chief Engineer - Television 
DUBAI RADIO AND COLOUR TV 

P.O. Box 1695 
Dubai, United Arab Emirates · 

(1179) 

Take your pick. 
HF-VHF-UHF 

Microwave Optics & Acoustics 
A challenging and full career in 

Government Service 
Candidates, .normally aged under 30, 

· should have a good honours degree or equiV
alent in a relevant subject, but any candidates 
about to graduate may be considered. 

Appointments as Higher Scientific 
Officer (£6,075-£7,999) or Scientific Officer 
(£4,805-£6,480) according to qualifications 
and experience. Promotion prospects. 

Please apply for an application form to 
the Recruitment Officer (Dept I.E.1), 
H M Government Communications Centre, 
Hanslope Park, Milton Keynes MK19 7BH. 

......... -t 

I 

Technicians .in. 
C_o_m_m.u_n i cati.o_n_s 

GCHQWe are the Government Co_m.~u[lications 
Headquarters, based at Cheltenha.m.Ou}interest 
'is R & Din all types of modern rad1o 
communications- HF to satellite- and their · 
security. 
THE JOB All aspects of technician support to an 
unparalleled range of communications 
equipment, much of it at the forefront of current 
technc;>logy. 
LOCATION Sites at Cheltenham in the very 
attractive Cotswolds and elsewhere in the UK; 
opportunities for service abroad. 
PAY Competitive rates, reviewed regularly. 
Relevant experience may count towards 
i-nc.r.eQ~d starting pay. Promotion prospects. 
TRAININ~ We encourage you to acquire new 
skills and1experience. 
QUALIFICATIONS You should have a TEC 
Certificate ~n Telecommunications, or 
acceptable ~quivalent, plus practical experience. 
HOW TO APPLY For full details on this and 
information~· n our special scheme for those 
lacking practi al experience, write now to 
Robby Robins n, Recruitment Office 
-GCHQ, Oakley,1Priors Road, Cheltenham 
Glos. GL52 5AJ 

,. orring 
I 0242 21491 

' eJ<t2269 - ... 

• 
I 

I 

I 
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LINK 
As a well-established designer and manufacturer of equipment to 
TV broadcast companies worldwide, we urgently require exper
ienced engineers to fill the following demanding positions, both 
of which offer a high degree of job satisfaction. 

SALES SUPPORT ENGINEER 
VISION MIXERS 

We need an electronic engineer with a background in TV studio 
engineering to work on the commissioning, acceptance, demon
stration and after-sales activities of broadcast standard vision 
mixers. Direct experience of mixers, whilst not essential, would be 
a definite advantage. Alternatively you should have worked on 
video switching systems and be familiar with the performance 
requirements of modern colour TV routeing and switching. 
Considerable involvement with customers will be necessary and 
the position would necessitate occasional travel within the U.K. 
Minimum age would be 28. 

DESIGN AND DEVELOPMENT ENGINEER - VIDEO 
Experienced engineers, to be involved in the desig~ of TV studio prod_ucts, inclli~ing a new range o~ colour ~~meras, u_sing the very latest ~nalogue 
and digital techniques. You will have the opportumty to see your des1gns made m volume production, fulf1llmg the h1gh technology requirements 
of the '80s. 
We are looking for engineer's, minimum age 25, who are qualified to degree level and who have at least four years' experience of electronic 
equipment. A knowledge ·of microprocessor techniques and video engineering would be added advantages. 
Salaries offered are extremely competitive and are backed by free life and health insurance plus a contributory pension scheme. Generous financial 
assistance with relocation will be given where appropriate to help successful candidates move to this pleasant rural part of Hampshire which offers 
easy access to London and major towns in the South of England. 
Please phone Jacqui Cornall at Andover (0264) 61345. and ask her to send.you an application form or, alternatively, let us have full details of your 
background and experience. 

LINK Walworth Industrial Estate, 
Andover, Hampshire, England Telephone: Andover (0264) 61345 

ELECTRONICS 

PRODUCTION ENGINEER 
>Ne have a vacancy for an Engineer with experience of quartz crystal 
production. The successful applicant will be responsible for manufactur
ing methods and the maintenance of top standards in our Southampton 
factory. 

Education to H.N.C. standard is desirable, a practical approach and the 
ability to work without supervision is essential. 

Above-average salary for the. right applicant, plus relocation allowaoce if 
necessary and normal company benefits. 

Apply in writing to: 
The Personnel Director 
IQD CRYSTAL ELECTRONICS 
29 Market Street, Crewkerne 
Somerset, TA18 7JU 

J()D 
-~ 11180) 

. C4Pit~L CAPITALH.OUSE ,29-30 WINDMILL 
STREET 

APPOINTMENTS-LiD LONDON W1P 1HG 
. · .TEL: 01-637 5551 . 

THE UK's No. 1 ELECTRONICS AGENCY : 
Design, Dev. and Test to £1 O,ooo· 

·Ask for Brian Cornwell 

SALES to £12,000 plus car 
Ask for Maurice Wayne 

FIELD SERVICE to £10,000 .plus car 
Ask for Paul Wallis · 

We have vacancies in ALL AREAS of the UK · 

Telephone: 01-637 5551 (3 lines) (2911 

11151) 

Gresham 
Executive AppointmenES 
D.E.C~ EXPERIENCE?" 

Real Time Mini/Micro Applications. 
Industrial Computer Systems. 

Experience and your personality create progression 
in the following areas: 

SALES ENGINEER 
SENIOR SOFTWARE ENGINEER 

APPLICATIONS ENGINEER 
DEVELOPMENT ENGINEER 

Contact Keith Diprose on 021-643 5231 
GRESHAM EXECUTIVE APPOINTMENTS 

5th Floor, New Street ChaJ!lbers . 
67a New Street, Birmingham -· (1163) 

The Middlesex Hospital, London W1N BAA 

JUNIOR MEDICAL PHYSICS TECHNICIAN 
Applications are invited for the above post in the Depa_rtment of Clinical 
(Physiological) Measurement. 
Applicants should have 2 GCE 'A' levels or at least 4 '0' levels, three of 
which must be in scientific subjects, as well as two years' technical 
experience in electronics or some allied scientific subject. 
The job is essentially that of a junior technician in the electronics 
laboratory but a suitably motivated candidate may be required to take 
part in patient-monitoring activities in the Intensive Care Unit and the 
Operating Theatres. . 
Day Release may be available for those studying for approved 
qualifications. 
Salary: £3614-£4523 p.a. 
Further information is available from Miss B. Smith, Personnel Officer, 
The Middlesex Hospital, Mortimer Street, London Wl N BAA. Tel: 01-636 
8333 Ext. 7462. (1165) 
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SITUATIONS VACANT 

DEVELOPMENT 
OPPORTUNITIES 

COMMUNICATIONS WEST SUSSEX 
· Our Research & Development Laboratories in 
Crawley, West Sussex, are actively involved in 
developing the Communications technology and 
equipment of the future. 

To meet the demands of our expanding 
programme, we are currently seeking additional 
R & D personnel with proven expertise in any of 
the following areas: · 

HF Transmitters and Linear 
Wideband Amplifiers 

. VHF/Mobile Radio Systems 
Signal Processing & Control 
Communications Hardware/Software 

. All positions are at Senior/Principal · 
Engmeer level and we offer highly competitive 
salaries together with attractive benefits. 

If you are seeking a progressive 
Development opportunity, make this your next 
move. 

For further details and application forms, 
please .telephone or write to: 

David Bird, Personnel Department, 
Rediffusion Radio Systems Limited, 
Broomhill Road, London, SW18 4JQ. 
Tel_ephone: 01·874 7281 

~ REDIFFUSION 
~<ID@o© ~w~~®mru@ 

... great to communicate with 

Trent· Polytechnic 
RESEARCH ASSISTANT/ 

DEMONSTRATORS 
DEPARTMENT OF ELECTRICAL AND 

ELECTRONIC ENGINEERING 
Good hono_urs. graduates desirous of working for a higher 
degree are mv1ted to apply for resear.ch posts in the following 
areas: 

·1) Three-dimensional television. 

2) Photovoltaic cells using organic semiconductors. 

3) Bipolar char9ing of powders for use in electrostatic 
powder coat mg. 

4) Low frequency noise in instrumentation systems. 

Salary Currently: £4683-£4884-£5085 rising to £5034-£5250-
£5466 from 1 September, 1981. 

Further ~etails of project and form of application available from 
The Ass1stant Director (Administration} Trent Polytechnic, 
!Burton Street, Nottingham NG1 4BU. Applications to be 
returned as soon as possible. (1153) 

ARTICLES WANTED 

.. WAl\fTED 
· r~~t equip~~-;:;t, ~eceivers, valves, transmit~, 
ters, components, cable and electronic 
scrap, any quantity. Prompt service and 
cash . Member, of A.R.R.A. 

M&BRADIO 
86 Bishopagate Street 

Leeds LS1 4BB 
0532-35649 

. WE BUY FOR CAS~: Components, 
PC~S1 etc. Good pnces paid. Quick 
dec1s1on, money by return. Ring 
(0703) 785862. (1172 

SPOT CASH 
paid for all forms of electronics equip
ment and components. 

FRG General Supplies ltd. 
Unit3 

Longhilllndustrial Estate 
March, Cambridgeshire 

Tel: March 56614 
Tel: 01-404 5011 

Telex: 24224. Quote Ref. 3165 
8742 

IT011AGa SPACS l1 expen1ln, Why 
lto-re redwadant and obsolete 
equipment? For fast and emclent 
clearance o·f all te1t Je&r, power 
auppliu, PC boards, components, 
etc., rt11rdless Of cond~Uon or 
quantltle•. cau ~1-771 M13. (82ot 

Air Traffic 
Engineers 

The Civil Aviation Authority has vacancies for men and women 
as Air Traffic Engineers Grade 2 in its Telecommunications 
Division offering a variety of work on a wide range of electronic 
systems and specialised equipments. · 
Air Traffic Engineers Grade 2 are involved in the installation and 
maintenance of r~dio, radar, air navigational and landing aids, 
a':'d data p~ocess1_ng systems. Staff are employed at some Civil 
Airports, A1r Traff1c Control Centres and Radar Stations and 
other locations throughout the UK but at present most of the 
vacancies are likely to be in the South of England with a few 
vacancies elsewhere in the UK. 

Qualifications and Experience 
You stiolifcfbe -at least 20 years of age and have obtained either 
the O.N.C. (Eng.) with an electronic bias or C. & G. · · 
Telecommunications Technician T3 Certificates or other similar 
technical qualifications . . 
Skilled working experience in radio, radar or data processing is 
essential. . 

Salary . 
Salaries arE~ on an incremental scale £5,683-£8,783. Posts in the 
London area attract an additional allowance (Inner London 
£1,082- Outer London £452). Grade 1 posts (maximum salary 
£10,610) are normally filled by promotion from Grade 2. 

,... --··- ~-- .-: - -.....::.--.---.·.--·-·--·------, 
I Forfull details and an application form complete and . 1. send the coupon to: CAA, Personnel (Tels), Room T 1206, I CAA House, 45~59 Kingsway, London, WC28 6TE. I 
I I I Name.: .. ; .... :~.--~:· .... : ...... ~·-························c······················· · ·········· 1 
I Address.................................................................................... 1 

L~~::.·.·:=:~:.-:::=;·=:.·.·.-.·::::::.;=·==·=·=::·-=~J 

~ 
R & D OPPORTUNITIES. Senior 
level vacancies for ·Communicatio-ns 
Hard,w~re and Software Engineers, 
base<!- m West Sussex. Competitive 
s•alar1es offered. Ple.ase .ring David 
Bird at Rediffusion Radio Systems 
on 01-874 7281. (1162 

,----------.... --.. ~ . 
£25,000? ' 

UNIVERSITY O.F OXFORD. ELEC
TRONIC:§ TECHNICIAN. Electronics 
technician required for work on 
mass spectro·n.teters and other 
equi.pment in the Department of 
Geolo·~Y and Mineralogy, under the 
te(:hmcal · direction of the Elec
tronics Group in the Physics De
partment. Applica.nts should have 
wide experience in fault-finding 
and building of modern electronic 
equipment. Appointment in the first 

·instance until July 31, 1985. Salary 
range, from July 1, 1981, £6,532-
£7,802. Applications with full per
sonal and professio-nal details as 
s.oon as possible, to the Adminis
trator, Department of Geology, 
Parks Road, Oxford OXl 3PR. 

(1166 

TOP JOBS-IN 
ELECTRONICS 

Posts in compLJters~ Medical, 
Comms, etc. ONC to Ph.D. Free 
service. 

Phone: 01-906 0251 
(8994) 

1. REAL TIME SOFTWARE 
ENGINEERS. Avionic applica
tions. £11,000. Herts. 
2. DEVELOPMENT MAN
AGER, workin!=l with micro
processor-based detection 
systems. £12,000. Middlesex. 
3. SALES ENGINEERS, selling • 
range of microprocessor-
based test equipment. £10,000 
plus car. Various. 
4. SENIOR DESIGN ENGI
NEERS, to work on Z80-based -~ 
systems, for entertainment in- ~'~.·· 
dustry, £10,000. Middlesex. "': 
5. DESIGN ENGINEER to work :;: 
on Digital/Analogue Systems. ~ 
Some microprocessor. £8,500. .,. 
Surrey. ·~ 
6. PRODUCT SUPPORT ENGI- -:.; 
NEER microcomputers. Exper- ~ 
ience of Z80 or 8080 Software. }; 
£9,000 plus car. London. ,~ 
HUNDREDS OF OTHER ELECTRONICS ~~ 

AND COMPU~~~.o~:CANCIES TO -; 

Phone or write: 
ANTHONY (JI~I:S.M.Sc., C. Eng., M.I.E.E. 

CLIVEDEN CONSULTANTS 
87 StL.e.om~rd's Road; Windsor, Berks 

Windsor (07535) 57818 
24-hollr Ansaphone 

.. • 
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By order of Rank Television Limited 
Plant & Equipment surplusto requirements 

IMPORTANT 4-DAV SALE BY AUCTION 
· of · 

TELEVISION MANUFACTURER'S 
EXCELLENT MODERN MACHINERY & EQUIPMENT 

at the works ERNESETTLE LANE, PLYMOUTH at 10 a.m. each day 

including: 

DAY ONE 
TUESDAY, 30 JUNE, 1981 

WIRE WOUND COMPONENTS 
MANUFACTURING PLANT 

AUMANN WPA 70 12-STATION SEQUENTIAL WINDERS 
UNIVERSAL 3LS & 1980 GORMAN 920A TOROID WINDERS 
ROTAWINDER SEQUENTIAL CHOKE WINDER, LESSONA 104 COIL 
WINDERS 
BENCH COIL WINDERS by Ko-lectric, Avo & Douglas, ARTOS WIRE 
CUTIERS AND STRIPPERS 
1980 ZEVATRON TL3 DIP SOLDER MACHINE, FLOW SOLDER MACHINES 
GENERAL ENGINEERS VACUUM IMPREGNATION PLANTS 
BARLOW WHITNEY ELECTRIC CURING OVENS & WAX 
IMPREGNATION PLANTS 
DALE 255 KVA DIESEL GENERATOR, BROOMWADE V300F2 AIR COM
PRESSOR 
LANSING-BAGNALL 2000LB ELECTRIC FORK LIFT TRUCK 
FLOOR & OVERHEAD CONVEYOR SYSTEMS, DEXION SPEEDLOCK PAL
LET RACKING 
FLOOR CLEANING EQUIPMENT, BENCHES, STORAGE BINS & FACTORY 
FURNITURE 
EXTENSIVE RANGE OF MODERN CANTEEN FURNITURE AND KITCHEN 
EQUIPMENT 

DAY TWO 
WEDNESDAY, 1 JULY, 1981 

TELEVISION MANUFACTURING PLANT 
MACHINE TOOLS, OFFICE FURNITURE 

FORK LIFT TRUCKS & MOTOR VEHICLES 
including: 
BLAKELL PALLETISER with SIGNODE STRAPPING EQUIPMENT 
NIKON PROFILE PROJECTOR, KURTZ RT25 CABINET FOILING MACHINE 
TOP & BOTTOM CARTON STAPLER, SILK SCREEN PRINTER 
FRY 75 FLOWSOLDER MACHINE with chain conveyor & 3 solder bath 
lines 
POWER BELT, GRAVITY ROLLER AND GLIDEWHEEL CONVEYOR 
SYSTEMS 
LOW LEVEL CAROUSEL CHAIN CONVEYORS 
Q&S 10" HACKSAWING MACHINE, SS&SC LATHES by Kerry & Wyvern 
BEAVER VBRP TURRET MILL, UNIVERSAL MILLS by Adcock & Shipley 
and Parkson 
BENCH & PILLAR DRILLS by Arboga, Kerry, Meddings, Progress and 
Webo 
EDWARDS SHEET METALWORKING MACHINERY, GUYSON SAND 
BLAST CABINET 
TRENNJAEGER COLD SAW, VIRAX 604 PIPE THREADER, CHAIN HOISTS 
SEYMOUR 2000LB VERTICAL PLASTICS INJECTION MOULDING 
MACHINE 
AEW ELECTRIC MUFFLE FURNACES, SPRAY BOOTHS, 
AVERY WEIGHING MACHINES 
BTH 330 KVA DIESEL GENERATOR, BROOMWADE V500 AIR COMPRES
SOR 
PERMUTIT CTP WATER TREATMENT PLANT, DEXION SPEEDLOCK PAL-
LET RACKING . 
SAFES, AIR CONDITIONER, KITCHEN EQUIPMENT & EXTENSIVE RANGE 
OF OFFICE FURNITURE 
ROVER 3.5 AND JAGUAR 3.4 AUTOMATIC SALOON CARS 
FORD GRANADA 2.3L AND CITROEN CX2000 & GLS PALLAS SALOON 
CARS . 
FORD CORTINA 1.6 & 2.0 GL ESTATE CARS 
FORD 2817 ARTIC UNITS, D1311 RIGID AND TRANSIT COMMERCIAL 
VEHICLES 
ELECTRIC & LPG FORK LIFT TRUCKS & PALLET CONV.£YORS by BT 
Rolatruc, Coventry Climax, Lansing Bagnall, Linde and"Montgomerie 
Reid 

DAY THREE 
THURSDAY, 2 JULY, 1981 

MACHINE TOOLS, PLASTICS & SHEET 
METALWORKING MACHINERY 

MACHINE EQUIPMENT, ENGINEERS' STORES & 
INSPECTION EQUIPMENT 

.PCB PHOTOGRAPHIC AND FACTO~Y EQUIPMENT 
including: 
VERTICAL, UNIVERSAL & TURRET MILLS by Adcock & Shipley, Shizuoka 
and Vernier 
SS&SC and TURRET LATHES by Colchester, Elga & TOS 
CHURCHILL SURFACE GRINDER, CLARKSON T & C GRINDER, BCA Mk Ill 
JIG BORERS 
ALEXANDER 3A DIESINKING MACHINES, MIKRON GEAR CUTIER 
BENCH & PILLAR DRILLS, BENCH SAWS, STARTRITE 316 VERTICAL 
BANDSAW 
WIEDEMANN BR2 TURRET PRESSES, INTERWOOD OFL ROUTER 
WICKMAN EDM1 SPARK EROSION MACHINE 
PIERCE-ALL PERFOMATOR PUNCHING & NOTCHING MACHINE 
BIPEL 70/17 AND MANUMOLD Mk 2L PLASTICS INJECTION MOULDING 
MACHINES 
SHELLEY 48/28 VACUUM FORMING MACHINE 
EDWARDS TREADLE & POWER GUILLOTINES, FLY PRESSES, BOX & 
PAN FOLDERS 
DCE DUST COLLECTORS, BALLARD DEGREASING PLANT, AEW 
STOVING OVEN 
Micrometers, Vernier Calipers & Height Gauges, Bench Vices, Surface 
Plates, Angle Plates, Rotary Tables; Machine Vices, Electric & Pneumatic 
Hand Tools 
STOCK OF MILLING CUTIERS, TWIST DRILLS, REAMERS, TAPS & DIES 
DARKROOM CAMERAS by HPL l:.ittlejohn and Pictorial, SILK SCREEN 
PRINTER 
HEDINAIR PCB DRYER, LABORATORY BENCHING, DEXION SPEEDLOCK 
PALLET RACKING 

DAY FOUR 
FRIDAY, 3 JULY, 1981 

MODERN OFFICE FURNITURE & EQUIPMENT 
including: · 
EXTENSIVE RANGE OF EXECUTIVE & SECRETARIAL DESKS & CHAIRS 
PLAN FILES, REFERENCE TABLES, DRAFTING UNITS by Ad mel, Bieffe & 
Kuhlmann 
FILING CABINETS, LIBRARY SHELVING, CUPBOARDS, OFFICE 
SUNDRIES 

· ADLER ELECTRIC TYPEWRITERS, OLIVETII ADD-LISTERS 
OZALID OZAPRINTER 48A and ONE-STEP 75 DYELINE PRINTERS 
RANK-XEROX 3107,3100 & 660 PHOTOCOPIERS 
SEARLE EV50 AIR CONDITIONING UNITS 

RADIO & TV ELECTRONIC INSTRUMENTATION 
By Brandenberg, Bruel & Kjaer, General Radio, Hewlett-Packard, 
Marconi, Miles, Philips, Rohde & Schwarz, Tektronix, Telequipment, 
Tinsley, Wavetek and Wayne;Kerr 
including: 
OSCILLOSCOPES, POLYSCOPS, SIGNAL GENERATORS, PRECISION 
EXTENSION CABLES, UHF & VHF MODULATORS AND OSCILLATORS, 
FIELD STRENGTH METERS, STEREO CODERS, COIL TURNS TESTERS, 
ELECTRON1C THERMOMETERS, SWEEP GENERATORS, DIGITAL 
MARKERS, STROBOSCOPES, FREQUENCY RESPONSE TRACERS, 
TRACKING FREQUENCY MULTIPLIERS 
Test Meters, Variable Resistors, Isolating Transformers, Cathode Ray 
Tubes, Etc. 
RF INTERFERENCE BOOTHS, LYONS TS4 AUTO VOLTAGE STABILISERS 
VISION ENGINEERING COMPARASCOPE, AXION MICRO WELDERS 
RANK BUSH MURPHY INSULATION & PULSED FLASH TESTERS 

ON VIEW: Monday 22 to Friday 26 June, 1981; Monday 29 June and mornings of sale. 
. Catalogues, when ready, from the Agents: 

rrn_m~~_...,. 

WIRELESS WORLD JULY 1981 

' ~~- ~~ - _ BULilB_UYERS_ONLI __ ·~ - _ 
:Large quantities of Hadio, 1 . V. and Electronic Compinents. -
'RESISTORS CARBON&. C/F Ys, ~. 1f2, VJ. 1 Watt from 1 ohm to 
10 meg. · 

!RESISTORS WIREWOUND. 1112, 2, 3 , 5, 10, 14, 25 Watt. . 
·!CAPACITORS. Silver mica. Polystyrene, . Polyester, Disc Ceramics, 
;Metalamite, C280, etc. 
!Convergence Pots, Slider ~ots, Electrolytic condensors, Can Types, 
.Axial, Radial, etc . 
~~~~._<;hokes, hopts, tuners, speak~rs. cables screened~. 

,I!;Qnn~mg_~!res, scr_ews,_nuts, lra!ls~stots_._l_~~._ptOa~~_._E]!~~~!«;: · : 
:All at Knockout prices. Come and pay us a visit . Telephone 445 2 71 3. 
'445 0749. . 

- - =alfOADFIELDS &-MAYeb i51SP61XLS , -
,~1 ~· Lane, _N~~~n~!ey_, L~n~_!HI·_~1_2._5 •Ins.- fro• TII!J ~· _Cor~•r'! <9461 . 

THE 
ART OF 

ELECTRONICS 
by Horowi~z & Hill 

Price {13.50 
. THE PPL SYNTHESIZER COOK
BOOK, by H. Kinley Price: £5.25 
THE MC6809 CO.OKBOOK, by C. D. 
Warren Price: £5.00 
DIGITAL ICS ... HOW THEY WORK 
AND HOW TO USE THEM, by A. 
W. Barber Price: £5.75 
ELECTRONIC DESIGN WITH OFF 
THE SHELF INTEGRATED CIR
CUITS, by Z. H. Meiksin 

Price: £6.25 
'EXPERIMENTER'S GUIDE TO 
SOLID STATE ELECTRONICS PRO
JECTS, by A. W. Barber 

Price: £5.50 
COMPLETE GUIDE TO READING 
SCHEMATIC DIAGRAMS, by J. 
Douglas-Young Price: £5.50 
PRACTICAL SOLID STATE CIR
CUIT DESIGN, by J. E. Oleksy 

Price: £6.50 
WORLD RADIOfT.V. HANDBOOK, 

· by J. M. Frost Price: £10.50 
1981 THE RADIO AMATEUR'S 
HANDBOOK, by A.R.R.L. 

Price: £8.00 

ALL PRICES 
INCLUDE POSTAGE 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W21NP 

Phone 402-9176 

Closed Sat. 1 p.m. / 
(8974) . 

SHADED POLE MOTO·R•S for im
mediate disposal, compiete plant 
and cooling capable of producing 
over 5,000 shaded pole motors per 
week, 2 pole and 4 pole. Tel: 
053181 273. (1177 

TEKTRONIX OSCI•LLOSCOPES in 
tip-to.p condition. 545A D-C-15MHz 
£120, 545B DIC-33MHz £180. D/trace 
amplifiers, OA :£60, IA2 £120. Sup
plied calibrated with full hand
books. Prices inclusive. Carriage 
extra. Bournemouth (0202) 472376/ 
291481. (115-7 

FR DX-400 A·MATEUR BAND 
R·ECEIVER. 160m to 2m inc'ludin~ 
CB an.d 4m. AM. FM. SSB with 
m·atchi·ng soeaker, mint condition. 
£185. - Telephone Swanley (Kent) 
63968. (1067 

ENCAPSULATING, coils, transform
ers, components, . degasS'ing, sili
cone rubber, resm, epoxy. Lost 
wax casting for brass, bronze, sil
ver, etc. Impre,gnatin.g coils, tr-ans
formers, cDmponents. Vacuum 
equipment lo.w cost, us·ed and new. 
AJ.so for CRT regunning met
allising. Research & Development_ 
B.arratts, May() Road, Croydon, 
OR-O 2QP. 01-684 9917. (9678 

BUGGED'? UNDER 
SURVEILLANCE? 

THE BUGGING GAME 

EWRON . 
MSF CLOCK IS ALWAYS CORRECT 
- never gains or loses, SELF-SET
TING at switch-on, 8 digits show 
date, hours, minutes and seconds, 
can expand to years, months and 
milliseconds, auto GMT/BST and 
leap year, also parallel BCD and au
dio outputs, receives Rugby 60KHz 
atomic time signals, built-in an
tenna, 1000Km range, ABSOLUTE 
TIME, £54.80. 
V.l.F.? 1 0-150KHz 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 (WU) Old School Lane · 

Milton, Cambrid e (1156) 

SURPLUS STOCK 
Omron Relays, Crouzet 
Timing Motors, Crouzet Micro 
Switches, Bulgin Lep and 
Panel Lampholders, Transfor-

mers-
For details please write to or phone: 

Mr. P. Givens 
c/o R. G. MITCHELLL TO. 

HEATH ROAD, SKEGNESS, LINCS. 

TEL: 0754 67373 
(1184) 

Belling & Lee L3000 Screened 
Room, dimensions 24ft. x 16ft. x 
12ft. Air conditioned with double 
door and four shielded fluorescent 
lights complete with 8 x 60 amp 
filters and flooring, £1,000. Re
erection can be arranged. Contact: 
R. A. UPTON, F.C.A., 325 Clifton 
Drive South, Lytham St. Annes, 
Lancashire FY81HN. 

(1178) 

HAVE YOU SEEN THE GREEN LIST? 
1000s of components (radio, audio, CB 
and electronic) and electronic items 
and accessories at unbelievably low 
prices, something for everyone. Send 
25p for list and receive FREE RECORD 
SPEED INDICATOR. 

MYERS (Dept. W.W.) 
14-16 Clifton Grove, Harehills, Leeds 9 

(1167) 

500 MHz SCOPE £100. HP185 samp
ling scope, dual beam with high-z 
probes, circuit diagrams, etc . Tel : 
Bracknell 59435 ,(evenings). ( 1159 

THE SCIENTIFIC 
WIRE COMPANY 

P.o. Box 30, London, E.4 

.. ENAMELLED 'ciiiii>1il WiRE 
SWG 
81o.29 

30 lo 34 
.351o 4j) 
411o 43 
47 

llti. 8oz. 4oz. 2oz. 
2. 76 1.50 .80 .60 
3.20 1.80 .90 . 70 
3.40 2.00 1.1 0 • ·.,80 
4.75 2.60 2.00 1.42 
8.37 5.32 3.19 2.50 . 

4810 49 15.96 9.58 6.38 . 3.69 

. SILVER. PLATED COPPER WIRE 
• 14to 3D 6.50 3.75 2.20 1.40 

. TINNED COPPER WIRE 
141G 30 3.38 2.36 1.34 

• . Prices i1clude P&P. VAT aini·WJre Dala 
SAE for list. Dealer enquiries walcoms. 
Reg OHice: 22 Conlngs"y Gardens. 

INVERTERS 

.90 

,(9063) 

High quality DC-AC. Also "no 
break" (2ms) static switch, 
19~' rack. Auto r.h=-rr•~r 

COMPUTER POWER 

lnterport Mains-Store ltd. 
POB 51, London WII 3BZ 
Tel: 01-727 7042 or 0225 310916 

(9101) 

LAB CLEA,_ANC'E: Signal Gener
Htors: Brid~es: Wa.ve.form. 
traMistnr ana!v.sers: C·al.i.brators; 
~:tand::~rds: ·:mlllivoUmeters; dvna.
mo.meters: KW meters: osclllo
~co•pes: recorders; Th'er.mal . !';Wej!,f'l, 
low d•i!;tortion true RM·S. audio FR. 
deviation. Tel. 040-376236. (8250 

LAB TEST EQUIPM:ENT Clearance. 
Environ!Jlental oven, Digivision 
VDU, remote recording thermo
meter, related instrume·nts and 
accesso,ries, channel analyser trans
d!Jcer and thermocouple indicators. 
VIew at Melksham Court, Stinch
combe, Dursley, Glos. 0453 46446. 

t(ll61 

ltBM NT n WORD PROCESSORS.' 
Incorporating a gol1f ball 1/0 type
writer and magneti.c tape cassette 
memory module. Stop code sea.rch 
and edit functions, margin control, 
£375 plus VAT. Other ex-word pro
cessor printers available. Autotype. 
Tel: Haywards Heath (0444) 414484. 

(1176 

OSCILLOSCOPES, signal genera
tors, DV.Ms, analysers, etc, for sale. 
~eal savings on new cost. Cash 
also paid for good test equipment. 
Tel: Hertford 50427. (1158 

TEKTRONIX 465 oscilloscope, mint 
con~ition, calibrated, other test 
equipment. - Phone 0582-4257:-n. 

WIRELESS WORLD 1949 to 1979 
inclusive, good condition, offers. 
Phone Stevenage CHerts) 2171. 

(1160 

TELETEXT, TV SP.A:RES - 8c -'f.EST 
EQUIPMENT, TELETEXT. Latest 
external unit ki.t incl. Texas XMll 
De•coder 6101 v.ML and infr.a-red 
remo.te control £248, p/ip £2.80 (fur
ther details <In reque.st). Also MK1 
ex!ternal unit ki.t incl. ~exas XMU 
decode·r, spe·cial offer price £168 . 
p/p £2.>80. Both k>its .incl. UHF 
modulat()r, and plug into TV set 
aeria.l socket. SPECIAL OFFER 
TEXAIS XM.ll De·coder, new and 
tested, limited quantity at i pri.ce, 
£60 p/p £1.40. Stab. power supply 
(5v) for Teletext de.coders, £5.80, 
p/p £1. Thorn design XMll inter
face unit, · £1.80, p/p BOp. NEW 
SAW FIL~ER IF .A!M;P PLUS TUN;ER 
(complete & tested for sound & 
vision), £28.50, p/p £1 . COLOUR 
BAR & CROSS HA'DCH GENE.RATOR 
KIT (MK4) PAL, UHF aerial input 
type, 3 vertical colour barn, 
R-Y, B-Y, grey scale, etc, P/B con
trols £35. Batt holders £1:50 or stab. 
mains power su•p,ply ki.t £4.80, De
luxe case £5.20 or a.lum. case £2.90, 
p/p £1.40. Built & tested •in De-,luxe 
case (battery) £58 (mains) £70, •PIP 
£1.00. C·ROSS HATCH KIT UHF 
aerial ·input . ty•pe also gives peak 
white & black Ieveis, batt. op. £11, 
p/p 45p. Add-on GREY SCALE KIT 
£2.•90, p/1p 35p. De-luxe case £5.20. 
UHF SIGNAlL STRENGTH METER 
KIT £17.50. Alum. ca.se £LBO. De
luxe case £5.20, p/.p £1.40. CRT 
TEST & REACTIVATOR K•IT f<lr 
colour & mono £24.40, p/.p £1.80. 
COLOUR PANE.L•S, large selection o·f 
tested ·panels for popular makes 
(part-ex in shop). TV SOUND IF 
TRANSTD. Te·sted, £6 .80, p/p 85p. 
BUSH SURPLUS IF PANELS. A816 
£L80, TV312 (single I.C.) £5. Z718/ ' 
B•CUOO £5. A823 (E·XP) £2.80, p/p 
SSp. BUSH 161 series TB pane·l A634 
£2 .80, p/p £L20. GEtC Serhl·s 1 mono 
panels, £1.80, p/p £1.30. GEC 2040 
CDA panel £4.50, p/p £1.20. PHILIPS 
G6 SIS conv. panel £2.50, p/p £1.20. 
GS Decoder panels for spares £1.80. 
p/p £1.20. G9 Signal panels for 
sma.n spare•s £3.80, p/p £1.20. 
THORN 3500 Line TB panel £5, .p/•P 
£1. 3000 ex-rental panels IF, VI-DEO. 
DE!COD<ER, £5, p/p £1.20. 8000/8500/ 
00'()0 Decoders Salvaged. £7.50, p/p 
£1.60. 9000 Line TB (inel. LOPT) 
sa.lv/spares £7.50, p/p £1.60. 
VARlCAP UHF TUNERS. Mullard 
U321 £6.80. ELC·1043/06 £6.80. 
EIJC1043/05 £5.50. G.I. £3.50. Salv. 
(asstd) £1.50, p/p 60p. Var:icap UHF/ 
VHF ELC2000S £8.50. Bush (dual) 
£7.50, ,p/p 70p_ TOUCH TUNE CON
TROL uni-ts. Bush (6 p(}s) £4.50, p/p 
SOp. VARICAP CONTROL UNITS 3 
pos. £1.20, 4 pos . . £1.00, 5 pos. £1.80, 
6 IJXlS. :£1.80, 6 pos. special offer £1, 
p/p 45p. UHF transtd. Tune·rs 
(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 avaHable, 
details on request) . · DLSO Delay 
Line £2.SO, p/p 50p. Large selection 
of LOPTS, Tr.iplers, Scaneoils, Ma•ins 
Dro·ppers, and other spares f·or 
popular makes of colour and mono 
re·ceivers. PLEASE AD-D 15% VAT 
TO AL·L PRICES. ~ MANOR SUP· 
PLIES. 172 WEST END LANE, WJ?~'l' 
HAMPSTEAD, LONDON. N.W.6. 
SHOP PREMISES. Tel. 01-794 8751, 
794 7346. E·a•sily accessible W. 
Hampstead Jubilee Tube & Brit. 
Rail N. London (Richmond-Broad 
SU and St. Pancras-Bedford. Buses 
28, 159, 2, 13. Callers welcome . 
Thousands nf add•i.tlonal items not 
normally ad.vertised avai.Iable at 
sh01p oremise·s. Open daily all week 
incl. Saturday (Thu·rsday haU day). 
MAIL OR-D•ER: 64 GOLD·EIRS MANOR 
DRIVE. LONDON NWll 9HT. 
PLEIA:S-E . ADD 15% VAT to all 
P'~~ (~ 

~· 
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MARCO TRADING 
TRANSFORMERS 

· British made transformers at very attractive prices. 
PrimarY Secondary Current 1+ 10+ . 100t 
240v: 4.5-0-4.5v 400m/a 50p 45p 35p 
240v: 6-0-6v 100m/a SSp 52p 43p 
240v: 6-0-6v 500m/a 65p 60p 48p 
240v: 9-0-9v 200m/a 75p 70p 58p 

EUROPEAN ADAPTORS 
Manufacturers note: We can s-upply FROM STOCK 1,000.+ 
quantities of the above transformers. 
These very high-quality British made two-pin European adap
tors are ideal for driving radios, cassette recorders, T.V. games, 
calculator&, etc. The adaptors fit the U.K. shaver socket. 
Ref. DCVoltage Current 1+ 10+ 
EOB 4.5v 200m/a 50p 4Sp 

100+ 
32p 
55p 
SSp 
SSp 

EM3 6v 200m/a £1.00 SOp 
E09 6v 400m/a £1.50 £1.25 
"ET4 9v 150m/a £1.50 £1.25 

Manufacturers/Suppliers please note. We can supply from stock 1,000 and quantities 
of the above European adaptors. 
Three-channel Chart Recorders, brand new, limited stock, £65 each and carriage and 
V.A.T. Further details on request. 
Multimeter -- 20,000 OPV Type U4324. Amazing value £11 each and carriage £1 .50 
and V.A.T. Further details on request. 

MARCO TRADING 
Dept. WW1, The Old School, Edstaston, Wem, Shropshire, SY45RJ 
Tel. Whixall (094872) 464/465 (1170) 

F.R.G. GENERAL SU.PPLIES LTD. 
March 27, 1981. 'HP7401R. D·C ~tand
ard/differential voltmeter, designed 
for calibrating digital VGlt~eters. 
differ. Voltmeters, voltage dividers 
AN for general standards lab appli
cation the 740'B has 6-digit reso
lution 'with discrete steps of 1PPM 
at full s·cale. £495. HP 214A pulse 
~enerator 200 watt (2 amps peak) 
£395. Gould-advance. Modular pulse 
generator with P.2, P2A, P3, P4, PS, 
P6 plug-in units, full spec on re
Qu'est £495. Hedin, environment/\! 
oven - 45 d·eg C to +HIO deg C, 
18in cube chamber £975. Edwards 
19in evap with Degas controller, 
type 2 £750 . Economist drum 
plotter computer instrn . ltd. £195. 
Gould, short circuit tester £395 (as 
new). B/bung power sup·ply. 30kv 
£95. 15kv £75. 60-TY wav nbb?n 
ca.ble onlY £2 .50p/meter. Tektromx. 
scope 547 with 1A1 nlug-in unit 
!\() MHZ £245. 1A4 D"C-to-50 MHZ 
four-trace plug-in unit £195. B:~r
gain: B&K sound level meter 220:\ 
and microphone. as new (not used) 
onlv £295. B&K Recorder. mint con
rlition, with paoer and manual 
handbook £785. LM 108 AF ~mner 
g;~.in operational amolifier 'lsoec 
AS LM 108A) only £7.50 ex-stor.k. 
Post and oacking extra . VAT nlu~ 
15 oer cent. Tel: March 56614 or 
01-404 5011. (1174 

BRAND NEW VERO RACKS 19in X 
5lin, complete with 20 off 40 way 
edge connectors (only 6 used), 20 
card slides and loc-king front paned 
(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, 
Hants. Telephone 0252 515373. (97!l 

SOLARTRON-SHLUMiBERGER. Synth 
SSB signal generator tyoe SStJJ.B30. 
with modulator ty.pe MA30. £995. 
Hedin environmental oven, -45 
deg C to +100 deg C, 18in cube 
chamber_ ooerate manual or auto
matic, £975. Edwards 19in evap 
with De~ras control tyoe 2. from 
£675. Tektronix •scope 585 with 8?. 
olug-in unit (8!'i M'Hz). £245. 60-TY 
wav ribbon cable. £2 .50 p/metr~> 
Tektronix 1A4 olug-in unit (Sft 
JIKJ{z four channel), £195. Marrnni 
'rFl44H/4S signal generator. BR!'i_ 
TF801D/8S slgnel generator 10 MHz-
48!i MHz. £29!'i. Post and packin~ 
Axtra. plus VAT 15 per cP--nt. 
Tel: March 56614, or 01-404 5011-

(1182 

PRINTl:D CIRCUITS. Make your 
own simply, cheaply and quickly! 
Golden F'otolak Light Sensitive Lac
quer - now greatly improved and 
very much taster. Aerosol cans 
with full instructions, £2.25 •. 
Devel()per 35p. Ferric Chloride 
55p. Clear Acetate sheet for 
master 14p. Copper-clad Fibre-glass 
Board appr()X. lmm thick £1.75 sq. 
ft. Post/Packin·g 60. - White House 
Electronics, Castle Drive, Praa 
Sands, Penzance, Cornwall. (714 

J~AMES MOI,R is disposing of some 
labora-tory test equi.pment, audio 
signal genera,tor, harmonic -analy
ser, wow and flutte·r meter, wiae 
range vo-ltmete-r, .loudspeaker units, 
all in good working condition. 
Telephone Kings Langley 62955 for 
details. (1035 

MY CATALOGUE contains thous
sands of surplus electrical and 
mechanical ite-ms. Price 40p or 
send free with large tin of aerosol 
freezer. Price £1 plus 85p postage. 
J . A. Crew (WW), Spinney Lane, 
Aspl-ey Guise, Milton Keynes. Tel: 
0008 583252. (1181 

SERVICES 

FACILITIES AVAILABLE 
* Circuit Design & Development 
Digital and Analogue 
*Artwork layout 
Free prototype bd. (non PTH) 
Supplied with orders over £100. 
* Board Manufacture 
Prototype to semi-production. 
*Wiring & Asselllbly . 
PCB assembly, w iring and cable formmg_ 
*Test 
Full test facilities available. 
*Copper Clad Board 
DIS f ibreglass 1006 Sq inches of assorted 
useful sizes. £6.00 inc. post. 

One or ell services avail- !fijJ 
able, no order too small. 
Please telephone Chelms-
ford 357935 or write to 
H.C.R., 1 Bankside, off New 
Stre·et. Chelmsford, Essex. 

(1169) 

DESIGN SERVICE. Electronic De
sign Developmen-t and Proou<:tlon 
Service av.ailabli! in Digital .and 
Analogue Instru-ments, RF Tr-ans
mitters and Recedver.s for contro·l Df 
any function at any ran-ge. Tele
metry, Vid-eo Transmitters and 
Monitors, Moto.rlsed Pan and T.Ut 
Heads etc. Suppliers to lihe Industry 
for 16 years. P.hone or write Mr. 
Falkner, R.C .S. Ele-ctroni-cs, 6 Wol-
sey Road, Ashford, M-Iddlesex. 
P.hone Ashford 53661. (8341 

TURN YOU.R SURPLUS Capacitors, 
trans•lstors, etc, Into cash. Contact 
COLES-HARiDlNIG & Co., 103 South 
Brin-k, Wl-s·beeh, Cam-bs. 0945-4188. 
Immediate settlement. We also wel
come the opportunity to quote for 
complete f.a-ctory clearance. (9509 
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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 yo_u and discuss your· 
requirements. · 

TW ELE.,CJRO_NICS LTD. 
--;·2cfNEwMARKET ROAD -·

BURY ST. EDMUNDS, SUFFOLK 
TEL: 02843931 

-

1 Sub-contract assemblers and wirers to ; 
· the Electronics Industry : 

(9068) 

ILBCTRCJNIC DESIGN . SERVICE. 
Immediate capadty avall'abloe for 
ctmun destrn and development 
W'Ort, PIC am-ort, etc. Small batch 
and prototype prtoductlion welcome. 
- E.P.D.&. Ltd., tltb King Street, 
JIAIDSTONE, Kent. 0822-577111. 

. (Hf7 

OOM,PARE our char,ges, quality and 
turnround for printed bo.atd art
work-s, .assem•bly, test and proto
type manufacture. Please phon(! 
Sharon Hall.hide on Chelmsford 
357935 or write to H.C.R. Artwork 
Designs, 1 Banks.ide, off New 
Stree.t, Chelmsford, Essex. (557 

l.it.S. SYSTEMS --
Due to expansion of our manufac: 
turing facilities we are able to under--: 
take asse!llbly and testing of circuit 
boards or complete 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 one of our' 
engineers to call and discuss your 
requirements, or send full details for a· 

· prompt quotation. 

TEL 01-253 4562 I 

or reply to Box No . WW 8237 
. . . (8237) " 

PCt1 AllTWOilK DESIGN SlllVICii 
wlth component notation masters 
and assembly drawings. PADS 
Electrical Ltd, 01-850 1111, 45 
Southwood Road, New Eltham SEt. 

' (7105 

BATCH PRODUCTION wiri-ng ,and 
assemlbly to sam-ple O>r drawi-ngs. 
McDeane Electricals Ltd, 19'b Sta
tion Parade, Ealing Common, Lon
don W5. Tel: 01-~2 8976. (169 

P.C.B.s WIRIN~ assembly looms, 
coids, instruments, qual.ity design 
prototype and production service 
in house or on site. - Batvale Ltd, 
Ely (0353) 778756. (982 

SERVICES 

·ciRCOLEC · 
THE COMPLETEELECTRONlC-MANU-FACTURING SERVICE 

Let us realise all ci-r -any part of your· p-roject from prototypes to 
production, from artwork design and component sourcing, through 
assembly and test to final quality assurance, packing and deliver.y. 
We -also provide a-test, repairaniTriiodific"iHioii ser.vice to suit your : · 
individual requirement . 
Free Offer! Ring for details of a free i-ntroductory offer to our sub-contract 
PCB assembly service. 
CIRCOLEC FREEPOST (no postage required) London SW17 8BR 

Telephone: 01~767 1233 
NEW! Access, Barclaycard, Diners Card riow welcome for payment. (544) 

P.C.B. MANUFACTURE 
AND ASSEMBL V 

Wave Soldering and inspection. High
quality PCBs from your artwork, Proto
type design. Artwork from your circuit. 
Plate through hole PCBs. Fast turn
around. 
Endean Communications Services ltd., 
Baileys Mill, The Cliff, Matlock, Derbys. 
(06291 4929 Tlx. 37S267 ECS G. (859) 

SMALL BATCH PCB'I produced 
from your artwork. Also DIALS, 
PAN&LS, LABELS. camera work 
undertaken. FAST TURNAROUND. 
- Detalls: Winston . Promotions, 8 
Hatton Place, London EC1N 8RV. 
Tel. 01-405 4127/0180. (1714 

ELECTRONIC DESIGN SERVICES. 
MICROPROCESSOR HARDWARE and 
SOFTWARE design faciUties have 
now been added to our established 
expertise and comprehensive test 
facmtles previously available to 
you for ANALOGUE and COMMUNI
CATIONS desl.gns. - For fastest 
results ple·ase phone Mr. Anderson, 
Andertron,lcs Ltd, Ridgeway, Hog'·s 
Back, Seale (nr. Farnham), surrey. 
02518-2839. (2715) 

PR,OTOTYPIE ELEC'l'RONIC design, · 
development, construction. One-off 
and small batch production to 
drawings. Fast -professional ser
vice. Further details: ;Dav•id 
Ll.oyd, 25 The Banks, Wellin-g
borough, Northants. (1099 

BOARDRAVEN LTD. 
PRINTED CIRCUIT BOARDS 

Manufactured to your specifications. Single/dou
ble sided. Very speedy deliveries o_n prototypes 
and quantity. Master layouts If requlfed. 

J.°K~a~~rrison, Carnaby Industrial Estate, Brid
lington, North Humberside Y015 3QY. Tel. 
(0262)78788. 

11168) 

SHEET METAL WOitK, fine or 
general front panels chassis, 
covers, bGxes, pro:tcrtyp&s. 1 off or 
batch work, fast turnround. 01-449 
2895. M. Gear Ltd., 179A Victoria 
Road, New Barnet, Herts. (8-12 

DESIGN AND DEVELOPMENT. 
ANALOGUE, DIG·lTAL, RF · AND 
M·l10ROW AVE CIRCUIT AND 
SYSTEM DESIGN. Also POB design, 
mechanical design and prototy-pe/ 
smal-l batch production. - Achm• 
more Umlted, Unit 103 Ltficom:be, 
Bracltnell, Berks. Tel: Bract-nell 
5202:!. (656 

NOT JUST a PCB assembly service 
specialising in large boards, 
carrying upwards of 500 compon
ents but a broad based manu
facturing facility that includes con
trol panel fabrication u~ing any 
combination o:f technologieS from 
"chips" and triacs to relays and 
motor contactors (max. llOkiWJ. 
Delivery throughout Ul_{. ~lectromc 
Assistance Ltd, 492 Hitchm Road, 
Luton. Tel : Luton (0582) 2050~i 173 
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BUSINESS FOR SALE 

FOR SALE 
Long Established 

FULL V EQUIPPED TV TUBE 
REBUILDING PLANT 

Own Freehold Factory Building. 
Customs delivery van, land for ex
pansion. Would suit group buyers, 
or rental company, to produce 
own . tubes of following types 
Colour, Delta - lnline - Mono -
20mm Portable. Present stock of 
tubes. Owner wishes to retire: No 
reasonable offer refused. 

Replies: Box No. 1041 
110411 

EQUIPMENT WANTED 
- - .- - -- --

TO ALL MANUFACTURERS 
AND WHOLESALERS 

. IN THE ELECTRONIC 
RADIO AND TV 

FIELD 
BROADFI El.DS-Ii 

MAYCO DISPOSALS 1 

., wlflpa.y you toppnceslOr anyi3rge -stoc.kS:oi 
~l!_rpl~qr_redu_rul_!ln! c_<!rnQO_Il.Bil~ whit:!)~ 
' may w1sh to clear. We will call anywhere in'! 
'llle United Kingdom. · 

. - 21 LODGtELANE . -- -' 
.NORTH. FINCHLEY_,__!,.QN_I)__Qit!l!.!l..I.I..G 
'ttiliph'Oi.e·llil-~·:-o;·-44s o1~11 ~~ -~71~ 

-- After office hou,. 958 -7624 

lli1E) 

SERVICES 

PRINTED CIRCUIT 
BOARDS 

Manufactured, any quantity, competitive 
prices, roller tinned, photographic and 
artwork services available. 

MAYLAND PCB CO. uo·. 
4 The Drive 

Maylandsea, Chelmsford, Essex 
Tel: 0621 741560 

1997) 

PRINTED CIRCUIT MANUFACTURE. 
Very fast, reliable service. L()west 
prices. Prototypes welcome. Inhouse 
photography. Phone 0674-573 for 
instant quote or write to AKTRO
NICS Ltd., 42/44 Ford Street, More
tonhampstead, Devon. (9857 

Phone your 
Clas~if.ieds 

to 

JAYNE 
PALMER 

on 

01 661 3033 

127 Classified 
COURSES 

CCAT 
CAMBRIDG COLLEGE 
OF ARTS AND TECHNOLOGY 

Courses in· Etectronics 
BSc IN ELECTRONIC ENGINEERING 
A four year part-time degree course for mature 
students. Of particular interest to those engaged in 
Digital, Telecommunications or Control Systems. 
Entry qualification required is an HNC or equivalent 
in Electrical and Electronic Engineering or Applied 
Physics. This CNAA degree is considered by the 
Council of Engineering Institutions as meeting their 
C.Eng. academic requirements. 

CEI PART II 
One year fl,lll-time or two years part-time course in 
preparation for the CEI Part II examination which is 
the present academic qualification for Chartered 
Engineers. Subjects offered include Electronics, 
Communication, Control and Computer Engineering. 
Entrants should have passed CE I Part I or have been 
exempted; holders of HNC and endorsements or 
HND are so qualified. 

Further details and apf.)lication forms are available from the 
Information Office, Room H268, Cambridgeshire College of 
Arts and Technology, Cambridge, CB1 2AJ. Telephone 
(0223) 63271. 

(1026) 

.-------.. _-LAS_SIFJED QVEBDSEMrNTS~.------. 
Use .tliis ro-.. m lo .. y~u .. -Sal-es and-·Wanls 

PLEASE- -I~SERT THE ADVERfiSEMENT -f~iDICATED ·a -N--FORM--BELOW 

To ''Wireless World" Classified Advertisement Dept~, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS 
e Rate £2 PER LINE. Average six words per line. 

· Minimum £10 (prepayable). 
·• Name and address to be included in charge if 

used in advertisement. 
e Box No. Allow two words plus £1. 
e Cheques, etc., payable to "IPC Business 
Press Ltd." and cross"& Co." 

NAME .................................................................................................. ,: 

ADbRESS- .~ ............................................................. . ........................... .. 

...................... ~ ...... ;;, ;-,-;-;;~.--; ·· · ··· ····-.-~ .. -;-.--;-;-;-;-;.--.-.-;;; ;;-;-;·. -.~ ........... ~ .............• ~-. 

, ·····························································································! 

REMITTANCE VALUE ............ .. ....................... -- ENCLOSED 

,_PLEASE WRITE IN BLOCK LETTERS. CLASSfFI-CATION .......................................... .. NUMBER OF INSERTION!. .......... · ........ -.· 

• •• .. t' 
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_ _ __ _ _ __ SPECIFICATION FOR ALL Mooelsi _ _ ______ _ 
*I -<;:H1,CH2; 5mv/div- 20~/divin 12 col 1-2-sL * TRIGGER: Level Control, ± Slope, Bright Line AUTO, 

1steps. Input impedance 1 MO + 22pF ... NORMAL, TV Triggering CHI, CH2 0 .5 div, EXT Trig 

* BANDWIDTH: 1OM Hz (DT-410): 12MHz'(DT-412) 100mv _ , 
1 5MHz (DT-41 5) * YMOilUiatiOn . . --- -- · 

· · · · 18 * Cal out~probe compensation. 
*TIME BASE: ,0.5~s/div-200ms/div m cal steps -~1 bi --ICf1rx~(B 4 x tl 'l) 

X5 Expansion to 1 00 ns I div ratlcu e ue rue · •v · ~m 
X5 Multiplier to 15/div * SIZE : H215mm W165mm D280mm We1ght 4 .5 kg. 

* XY FACILITY: Matched Inputs X =CHI, Y = CH2 . -~~QBE . P.<I .-:::- .RE.£';::: X1_9)_~'J..:!0...±Y:...~J-

ordersto: . sAf:-GAi~fEi:i:CtRC:iNics iTI)~ - (Goods +15%. + "£3 ~5o' f>KP). or £6.50 parcel s-enilce-, · 
·iui-iiiho'ii=iWOOCI;·si:'John'a, Wokjna:surrey, GU21 3'0.8 Tei7'Wok:ing 89580 or Woking 6883&-·· 

London Stockist: Audio Electronics, Ed ---- Aoad.""COnikn:-TeiT1-=-i24 3564 

WW - 050 FOR FURTHER DETAILS 

' 
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fol' Sel'vice Enginee 

Size TL 100 19" x 14" x 6" 

The TL99 and TL 100 are designed for the Professional Electronics, TV or 
Instrument Technician who needs to carry a large number of specialist tools. 
Constructed from hard wearing ABS with strong aluminium frames, twin handles · 
and toggle locks. They offer a moulded tray in the base, a comprehensive 2 sided 
tool pallet that's reversible with space for up to 40 tools . - The TL 100 will take 
quite a few more. There's space for documents and a heat sink for a hot solder
ing iron to prevent any damage being caused . 

Size TL99 17" x 12" x 6" 

TLW4 

Thieman Products Ltd 
Ermine House, Post St,Godmancheste~,Cambs. PE 18 8BA (0480)65534 
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Size TL100 19" x 14" x 6 

The TL99 and TL100 are designed for the Professional Electronics, TV or 
Instrument Technician who needs to carry a large number of specialist tools. 
Constructed from hard wearing ABS with strong aluminium frames, twin handles 
and toggle locks. They offer a moulded tray in the base, a comprehensive 2 sided 
tool pallet that's reversible with space for up to 40 tools. — The TL100 will take 
quite a few more. There's space for documents and a heat sink for a hot solder- 
ing iron to prevent any damage being caused. 

TLW4 Toolwallet measures 11" x 14" x 2V2" when closed. Made from reinforced 
PVC with a heavy duty industrial zip. The TLW4 Toolwallet is a compact 
alternative when only tools are needed to be carried. 

Size TL99 17" x 12" x 6" 
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Please send 

£ 
Enclosed 
my cheque 

P&P £2.60 extra) Name 
Company 

Address 

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