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Jest name in solder worldwide 
~~----------------~ 

tX Multicore Solder. 
nomy pack for general non-electrical use. 
1laces solid wire and stick solder. (B.S. 219 GradeL). 
nopak 200g reel of 3mm dia. Size 16A. 
l4perreel. 

,Jbox R~els. 
lticore 5-core solder for general use. Suitable for 
:trical joints (B.S. 219 Grade C). 
60 tin/ lead. 1.6mm dia.Size 3. £3.91 per reel. 

rbit. 
ticore S-core solder for radio, 1V and similar work 
luces copper erosion. Suitable for service engineers 
. manufacturers using small quanti ties of solder. 
nm dia: Size 12. £3.91 per reel. 

,Jticore Wick. 
.lticoresolder-wick for removing solderfrom 
ually any joint. 
nm dia. Size ABlO. £1.38 per reel. 

uminium Soldering. 
1-Sol Multi core 4-core solder for soldering most 
>es of aluminium. No extra flux needed. 
mm dia. Size 4. £11.50 per reel. 

i-Fi Accessories Ltd., (Solder Division), 
y House, Wood Lane End, 
~1 Hempstead, Hertfordshire HP2 4RQ. · 
1one: (0442) 61291. 

Products that help Y.OU 
make a better ioli of it. 

Handy Dispensers 
PC115 forprintedcircuits. 
SV130 for radio and 1V repairs. 
AR140 fornon-electrical applica

tions, except aluminium 
SS 160 for stainless steel and silver 

jewellery. 
19A f()r printed circuit boards -

ALl 50 
BCA16 

BCRlO 

BCA14 

Tip Kleen. 

non-corrosive. 
for aluminium. 
solder cream for stainless 
steel. jewellery and house
hold products (non-electrical) . 
solder cream for electronic 
and electrical use. 
all purpose solder cream, 
non-electrical jointing and 
repairing. 

Multicore Tip Kleen. 
Soldering-iron tip wiping pad. 
Repli;lces wet sponges. (Should 
not be used above 350°C) 
81p per pack. 

Soldering Flux Pastes. 

Per pack 
£1.15 
£1.61 

£1 ~38 

£2.53 

96p 
£1.93 

£3.22 

£1.38 

£1.38 

Multicore soldering flux paste. Extra fast. non
corrosive, rosin-flux for electrical and general purpose 
soldering. 
Rosin R.FlO. 35g net. 69p per pack. 
Multicore soldering flux paste for soft metals (except 
aluminium) and stainless steel. Non-electrical. 
AraxA.F14. 35g.69p per pack. 

Econopak. 
Ersin Multicore 5-core solder. Contains non-corrosive 
flux for electrical applications. 
1.2mm dia. 200g Econopak. Size 13A. £4.14 per reel. 

Metal Soldering. 
Arax Multicore 4-acid-core solder for metal fabrication 
(not aluminium) a nd repairs. 
40/ 60 tin/lead.1.6mm dia. Size 11£3.91 per reel. 

T.V. and Radio 
Soldering. 

. Savbit Multicore for 
radio, 1V and similar 
work. Reduces copper 
erosion. 
1.2mm dia. Size 5. 
90p per handy 
dispenser. 

· Econopak. 
General purpose solder 
suitable for all electrical 
joints. 
40/ 60 alloy.1.2mm dia . 
Size 6. 58p per handy 
plastic dispenser. 

Wire Stripp"er and cutter. 
Wire stripper and cutter with precision ground and 
hardened steel jaws. Adjustable to most wire sizes. 
With handle locking-catch and easy-grip plastic 
covered handles. 
Ref: 9. £2.69perpair. 

All recommended retail prices shown are inclusive of VAT If you have difftculty in obtaining any of 
these products send direct with 40p for postage and packing. For free colour brochure send S.AE. 
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Data Precision 5740 

Frequency 5Hz to lOOM Hz 
Pulse 0 to 10' pps 

Single period 1 to 200,000pS 

Period average 9,999.999 to 999,999.9 

Totalizing (event counting) 
0 to 9,999,999 and beyond 

Sensitivity lOmV 

Accuracy field adjustable to O.lppm 

Stability ± O.Olppm/sec 
± O.&ppm/month 
± 4.0ppm/year 

Mains powered 

Optional bed output, electrical start-stop, 
external clock input 

~~ price £195 delivered ex VAT 

Featured here is just one of Data 
Precision's wide ·range of 
economically priced digital 
instruments. We believe they offer 
more value and versatility than any 
other range you can buy from. 
They are the world's leading source 
of4% digit portable DMMs. 
That's why we stock them. That's why 
we offer full service and recalibration 
facilities usin·g USA trained 
technicians. That's why you should 
know more about Data Precision 
products. Use this magazine's reply 
system now to obtain detailed 
brochures and prl.ces. 

Sole UK Agent: 

••••• Farnell 
~ International 

the shelf 
For more details circle the appropriate 
numbers on the enquiry card 

935 31'2 dign hand hold DMM ............................. . 
936 3!4 digit hand hold DMM 
938 3!4 digit hand hold capacitance meter 
940 Hand hold thermometer 
1350 3!4 digit low cost bench OM M 
1351 As above to 20A .. 
175 3!4 dign portable DMM 
1750 3!4 dign bench DMM 
248 4Y2 digit portable DMM 
258 4% digit portable DMM 
2480 4% digit bench DMM 
3400 4)4 digit lab DMM 
3500 5% digit lab/systems DMM 

001 
002 
003 
004 
005 
006 

. 007 
008 
009 
010 
.011 
012 

013 
7500 5!4 digit systems DMM 014 
3505 Single range DVMs .. 015 
81 00 Dual output de volts standard 016 
585 8 digit portable frequency meter 250M Hz 017 
5800 8digit qench frequency meter .5 20M Hz. 018 
5740 7 digit multifunction timer-counter ... . . 019 
Short form catalogue ... . . ...... ... ... . 020 

FARNELL INTERNATIONAL INSTRUMENTS LIMITED · WETHERBY ·WEST YORKSHIRE LS22 4DH • TELEPHONE 0937 61961 ·TELEX 557294 FARIST G 
REGIONAL OFFICE SOUTH: HARPENDEN TELEPHONE 05827 69072 

WW 001 -OZO FOR FURTHER DETAILS 

WIRELESS WORLD DECEMBER 1980 

Front cover is a Paul Brierley 
photograph of the tape system 
in a Philips analogue instru
mentation recorder. 

IN OUR NEXT ISSUE 

Microprocessor trainer. 
Designed to familiarize the 
complete beginner with 
microprocessors, this 
small unit with hex key
board and six-digit display 
has enough facilities to 
make a useful tool later on .. 

Off-air frequency reference 
provides a 10MHz signal 
phase locked to the 
200kHz Droitwich trans
miSSIOn. Modifications 
allow for the eventual 
change of Droitwich to 
198kHz. 

Multiplex keying system 
for orgal)s gives flexible 
control of pipe or 
electronic organs through 
t.d.m. 

"current-i-ssue price sop; back issue (if 
available) £1 .00, at Retail and Trade 
Counter, Paris Garden, London SE1 . 
Available on microfilm: please contact 
editor . 
By post, current issue 96p, back issues 
(if available) £·1.50, order and 
payments to Room CP34, Dorset 
House, London SE1 9LU. 
Editorial & Advertising offices: Dorset 
House, Stamford Street, London SE1 
9LU. 
Telephones: Editorial 01-261 8620. Ad· 
vertising 01-261 8339. 
TelegramsfTelex: Wiworld Bisnespres 

· 25137 BISPRS G. Cables Ethaworld, 
London SE1. 
Subscript ion rates: 1 year £10.00 UK 
and $33.80 outside UK. 
Student rates: 1 year £5.00 UK and 
$16.90 outside UK. 
Distribution: 40 Bowling Green Lane, 
London EC1R ONE. Telephone 01 -837 
3636. . 
Subscriptions: Oakfield House, Perry
mount Road, Haywards Heath, Sussex 
RH16 3DH. Telephone 0444 59188. 
Please notify a change of address. 
USA mailing agents: Expediters of the 
Printed Word Ltd, 527 Madison Ave
nue, Suite 1217, New York, NY 10022. 
2nd-class postage paid at New York. 

© IPC Business Press Ltd, 1980 
ISSN 0043 6062 

Change of address 
With the December issue, 

editorial and advertisement 
offices will be at the 

following new address 

Quadrant House, 
The Quadrant, 
Sutton, Surrey, 

SM2 5AS 
Tel 01-661 3500 

Telex 892084 
Answer code BISPRS G 

wireless 
world . 
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35 Save our public service broadcasting 

36 Programmable power supply 
by J. Summers 

41 World of amateur radio 

42 lntermodulation at the amplifier-loudspeaker int~rface - 2 
by Matti Otala an9 Jorma Lammasniemi · 

45 News of the month 
Japanese video war Recession and unemployment European microelectronics 

49 Darkroom exposure· meter and enlarger timer 
by G. G. R. Rutter 

53 Orbit predictions from satellite images 
by M. L. Christieson 

56 Circuit ideas 
Phase-synchronized oscillator Timebase generator Waveform gating 

58 Tone filters for electronic organs - 2 
by C. E. Pykett 
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67 Test your knowledge 
by R. W. Ell ingham and B. L. Hart 

70 Designing with microprocessors 6 
by D. Zissos and L. Valan 

74 Floppy-disc system for the scientific computer 
by J. H. Adams 

79 The death of electric current 
by lvor Catt 

81 Solid-state level meter - further notes 

82 Novatexts: .RC oscillators - single-element frequency control 
by P. Williams 
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Audio preamplifier with no t.i.d. Unions and electronics 

88 New products 
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by Mixer 
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Tests bipolar transistors, diodes and zener diodes. Measures 
leakage down to 0.5 nA at 2V to 150V. Current gains · are 
checked from 11-'A to 1 OOmA. Breakdown voltages up to 
1 OOV are measured at 1 QjJA, 1 OOjJA and 1 rnA. Collector to· 
·emitter saturation voltage is measured at 1 rnA, 1 OmA, 30mA 
and 1 OOmA for I ell 8 ratios of 1 0, 20, 30. The instrument is 
powered by a 9V battery. 

TRANSISTOR RANGES (PNP OR NPN) 
I e BO & IE BO: 10nA, 1 OOnA, 11-'A, 1 01-'A and 1 OOjJA f.s.d. 

ace. ± 2% f.s.d. ± 1% at voltages of 2V, 5V, 
1 OV, 20V, 30V, 40V, 50V, 60V, 80V, 1 OOV, 
120V, and 150V ace. ±3% ± 1 OOmV up to 
1 O!lA with fall at 1 OOjJA < 5%+250mV. 

BVeso: 

V eE(sat) : 

1 OV or 1 OOV f .s.d. ace ±2% f.s.d. ± 1% at 
currents of 1 OJ.!A, 1 OOJlA and 1 rnA± 20%. 

1 OnA, 1 OOnA, 11-'A ... 1 OmA f.s.d. ace. ±2% 
f.s.d. ± 1% at fixed IE of 1 JlA, 1 OJlA, 1 OOJ.lA, 
1 mA, 1 OmA, 30mA, and 1 OOmA ace. ± 1 %. 

3 inverse scales of 2000 to 1 00, 400 to 30 and 
100 to 1 0 convert I 8 into h FE readings. 

1 V f.s.d. ace. ±20mV measured at conditions 
on hFEtest. 

1 V f.s.d . ace. ±20mV at collector currents of 
1 mA, 1 OmA, 30mA and 1 OOmA with I el l 8 
selected at 1 0, 20 or 30 ace. ±20%. 

DIODE & ~ENER DIODE RANGES 
As IE 8 0 transistor ranges. 

Breakdown ranges as BVe 8 0 for transistors. 

1 V f.s.d. ace. ±20mV at I 0 F of 1 JlA, 1 0J.lA, 
1 OO!!A, 1 mA, 1 OmA, 30mA and 1 OOmA. 

DON'T G'AMBLE 
WITH PERFORMANCE 
BUY 
LEVELL TEStERS 

-.. M~::~ . 
. ·«~ .... ll~ ~l-: .•·:~ : 1 :.; 

A logarithmic scale covering p decades is used to display 
either insulation resistance or leakag·e current at a fixed 
stabi lised test voltage. The current · available is limited to a 
maximum value of 3mA for safety and capacitors are 
automatically discharged when the instrument is switched 
off or to the CAL condition. The instrument ope'rates from a 
9V internal battery. 

RESISTANCE RANGES 
1OM 0 to 1 OT o (1 013 0) at 250V, 500V, 750V and 1 kV. 
1M 0 to·1 T 0 at 25V, 50V and 100V. 
1 OOk 0 to 1 OOG 0 at 2.5V, 5V a ~d 1 OV. 
10k0to10G Oat1V. 
Accuracy ±15% +800 non 6 decade logarithmic scale. 
Accuracy of test voltages ± 3% ± 50mV at scale centre. 
Fall of test voltages < 2% at 1 OjJ~ and ·< 20% at 1 OOJlA. 
Short circu it current between 500JlAand 3mA. 

CURRENT RANGE 
1 OOpA to 1 OOjJA on 6 de~ade logarithmic scale. 
Accuracy of current measureme~t ± 1 5% of indicated value. 
Input voltage drop is approximately 20mV at 1 OOpA, 200mV 
at 1 OOnA and 400mV at 1 OOjJA. 
Maximum safe continuous overload is 50mA. 

MEASUREMENT TIME 
< 3s for resistance on all ranges r~lative to CAL position. 
< 1 Os for resistance of 1 OG 0 across 1 JlF oh 50V to 500V. 
Discharge time to 1% is 0.1-s per ~F on CAL position. 

RECORDER OUTPUT 
1 V per decade ± 2% with zero output at scale centre. 
Maximum output ±3V. Output resistance 1 k 0. 

Optional extras are leather cases and mains power units. Prices are ex works, V.A:r . extra in U.K. 

LEVELL MOXON STREET, BARNET, HERTS., ENS 550. 
TEL : 01-449 5028/ 440 8686 
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If eve ing were perfect ... 
' ' 

... a control unit would consist of The rate of attenuation can be set 
an on/off switch, a vohune control an)rwhere between 0 and 25dB per 
and a prograrmne sele~tor switch. octave starting at one of three 

In practice, correctly designed frequencies 5k, 7k, or 10kHz and an 
tone controls can make a significant appropriate setting can be found for 
contribution. . . .. each record to provide more of the 

For a constant sound level, replay music and less of the distortion. 
from a gramophone record produces To learn all about the Quad 44 
distortion which increases very write or telephone for a leaflet. 
rapidly at high frequencies- doubling - The Acoustical Manufa-cturing 
in fact for every major third increase Co. Ltd., Huntingdon PE18 7DB. 
in pitch. Telephone: (0480) 52561. 

There comes a point when the 
contribution of this distortion is 
increasing at a greater rate than the 
musical content and this is what 
decides the optimum setting of tne 
comprehensive Quad filter system, 
an essential and integral part of every 
Quad pre-amplifier. 

QUAD 
for the closest approach 
to the original sound~ 
QUAD is a registered trade mark. ,978 

WW- 084 FOR FURTHER DETAILS 
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Get24DMMs 
off the shelf. 

Tum to page 3 of your ITI Instrument 
Services catalogue for a list of top names 
Thandar (Sinclair), Fluke, Avo, Keithley 
and Norma. Compare performance and 
specification: then phone or telex Harlow 
or any local ITT office and we'll deliver off 
the shelf. 

The ITT Instrument Services 
catalogue is your key to fast delivery ·and 
technical back-up for a vast range of 
quality instruments. Get it off the shelf. 

ITT Instrument 
Services 
Edinburgh Way, 
Harlow, Essex 
CM202DF. 
Tel: (0279) 
29522. 
Telex: 81525. 

I ITT I instrument services 

the only way to buy. 

WW- 071 FOR FURTHER DETAILS 

~- 1111\itn·u· TELEX ~ 
I .• y • ~ ••dr:D SoleUK.ogentsfor:- 'l("" 

CB'f!BODUC"" NV· RAMA .:~:~~-~::";. 

~~~=CORPDRATION·SA 
Mura Electronics (UK) Ltd., 79 Church Rd. Hendon, London NW4 Tel: 01 203 5277 
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Carston 

Bridges 
GENRAD 
GR1657 Digibridge LCR, 
auto, 'LED display 

CINTEL 
2n Measures iron core inductances 
0,01H-1000H lwith a 0 value not 
tess than 21 

HEWLETT PACKARD 
4342A ·a· Meter OLC complete 

MARCONI 
TF1245 ·a· meter . Freq . range 1kHz· 
300MHz using external osc. 

TF868A Universal Bridge 
TF1313A Universal LCR Br;dge 0.1% 

WAYNE KERR 
8224 Wide range LCR Bridge 
8500 Log LCR Bridge 
8601 RF LCR Bridge 
!Detector and Oscillator not incll. 
8641. Meesures LIC/R/G Accuracy 
of0.1 % 
0801. Y parameter test set. Plus 
transistor adaptor unit 

Cable Test Equipment 
MARCONI 
TF2333 Transmission Test set 

HEWLETT PACKARD 
3566A For psophometric 
measurements from 20 Hz-201cHz. 
0. 1mV-:~>V input level 

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

STC 
74216A Noise Generator CCITT 
74261A Psophometer CCITT 

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

Counter Timers 
HEWLETT PACKARD 
~A/53038 DC -520 MHz 6 digits 
~~Display Module. 6 Digits. 
3 X 10 
~B Display Module. 8 Digits. 
2 X 1o8 . 
5302A DC-50 MHz. 100mV sens. 
Time interval . Period . Ratio . 
Totalise . 
53038 DC-520 MHz . I Plug-on I 
125mV sens. 50!1 
5308A 0-75 MHz. Universal Module. 
60mV sens . 1M!1 
5267A Time Interval Plug-in 10ns 
5345 DC-500 MHz Time Int . Ave. 
Burst Total Ratio 
10590A Adaptor converts 5245 
Plug-ins to 5345 

RACAL 
835. DC-15 MHz 6 digits 
Time interval/ Period I Ratio 
9024 10 Hz-600 MHz 7 + 1 digits 
9835 6 Digit DC-20 MHz 10mV 

Pflces 
from[ 

860 

130 

1260 

l60 

250 
375 

475 
225 
125 

2JO 

575 

47'5 

275 

240 
475 

1500 

3250 
250 

210 

90 

140 

75 

120 

100 
120 

1225 

225 

100 
250 
100 

Prices 
from£ 

Prices 
from£ 

·9837 DC -80 MHz 6 digits 

:SYSTRON DONNER 
6053 9 Digit 20 H~-3 GHz BCD 0/ P 
6054A/0411 Digit 20 kHz-18 GHz 
BCD 0/P 

Function Generators 
HEWLETT PACKARD 
3310 0.0005 Hz-5 MHz . Multi-Mode. 
)ov /50!1 sine, square, triangular 

lNTER-STATE 
ELECTRONICS 
F51A Multi-Mode . + and - offset: 
0.0005 Hz to 10 MHz . 10/15V / 50!1 
F55A Multi -Model 0.0025 •Hz -1 0 
MHz. 10V/50f1 . Ext . VGC . Burst 
0/P up to lOOk bursts/sec 

PHILIPS 
.PM5127. 0 .1 Hz-1 MHz. Sine/ 
Square IT riangular I Pulse outputs . 
External sweep facility 30Vp. p max 
output 

l ogic Analysers 
HEWLETT PACKARD 
1601 L Logic state analyser 
12 channel display 
1600A 16 channel 20 MHz clock 
MAP A & B store 
1607 16 channel20 MHz clock 
'(Display scope required) 

TEKTRONIX 
7D01 F 16 channel up to 50 MHz 
clock MAP 

Mains Monitors 
COLE 
T1007 200-260V. 35-65Hz 

· Thresholds lOV, 50V, 100V, 200V 

. DATALAB 
. DL019 Power line interface for 
transient recording 
DL905 Digital Storage Unit DC-3 
MHz lOmV 

DRANETZ 
606-3 Disturbance Analyser Avg. 
Sag/Surge 

GAY 
· LDM Records + ve/-ve transients 

of 50ns on AC or DC Lines 

130 

860 

2800 

250 

250 

350 

325 

250 

1850 

1500 

2650 

75 

350 

1055 

2625 

1250 

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

MARCONI 
TF2300A 1-1000 MHz . AM/FM 

Oscilloscopes 
ADVANCE 
OS1000A DC-20 MHz. dual trace 
33008 Dual Trace DC-50 MHz 
5mV/div. Dual Timebase 
COSSOR 
3100 Dual Trace DC-40 MHz 

DYNAMCO 
7210. DC -1 5 MHz. Dual Trace 1 mV 
sensitivity on CHI. Delayed 
Timebase 

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

HEWLETT PACKARD 
1703A Storage 1000Div/ms. 
DC-35 MHz. Dual trace Mains/Ext 
DC . 
1707B/020 DC-75 MHz. Dual trace . 
Dual Time Base. 
1707B/012 As 17078/020 with 
Internal Battery fitted 
181A Storage 1000Div/ ms 
DC-100 MHz Main frame only 
182C DC-100 MHz Mainframe, large 
screen 

MEDELEC 
M-scope 4 channel DC-100 kHz U/V 
Chart 
PHILIPS 
PM 3211 DC-15 MHz Dual Trace 2mV 
PM3233 Dual Beam DC-10 MHz 
2mV /div. 
SCOPEX 
40-108 Dual Trace DC-10 MHz 

TEKTRONIX 
475 Dual Trace DC-200 MHz 2mV 
485 Dual Trace DC-350 MHz 50Q 
1 MQ250MHz 
545B/1A1. DC-30 MHz. dual trace. 
Delayed timebase 
561A/3A6/3B1. DC-10 MHz. Dual 
Trace . High persistence tube . 
Delayed Timebase 

9/s %w 8x Utock delioery 
OSCILLOSCOPES 

TEKTRONIX 465 DC -100 MHz Dual Trace 
5mV-5V / Div O.OS,.s-0.5s/Div Delayed 
T / B XY DC 4 MHz £1250 

TEKTRONIX 475A DC-250 MHz Dual Trace 
5mV-5V/Div 001~s- 0 . 5s 1 Div Delayed 
T i B XY DC 3 MHz £1950 

These instruments sold with 

ONEYEARFULLGUARANTEE 

296 

450 

310 

600 

400 

300 

400 

1200 

700 

750 

660 

525 

1650 

425 

400 

180 

1125 

2100 

325 

27'5 
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585A/82. DC-80 MHz . dual trace 

Prices 
from£ 

10 mV sensitivity 525 
547/lAl. DC-50 MHz. dual trace 
DTB 525 
547/1A4. DC·50 MHz. four trace 
DTB 626 
7403N DC-60 MHz 3 Plug-in 
Mainframe 450 
7704A DC-200 MHz. CRT Readout. 
Mainframe for 4 Plug-in 1200 

TELEOUI PM ENT 
D63/V1/V3 DC-35 MHz. Depending 
on sensitivity. 50~V or 1 mV 
Sensitivity 675 

~~in~~~~i;ace oc;- 15 MHz 2mV 
525 

D75 Dual Trace DC-50 MHz Dual 
Timebase 600 
D83 DC-50 MHz. Dual trace . Large 
6 ~ .. CRT. Dual Time Base 660 

Oscilloscope Plug-ins 
HEWLETT PACKARD 
1804A DC-50 MHz Four channel 
20mV-10V /div. 575 
1825A Dual Timebase 50ns- 1s/div. 525 
1805A Dual Trace DC- 100 MHz 5,mV. 
1M!1/50!1 550 

TEKTRONIX 
TypeR. Transistor R.T . tester . Pulse 
rate 120 pulses/sec. R.T. Less than 
5 mf'S 100 
Type G. Differential amplifier. 100:1 
CMR DC-20 MHz. 50 mV sensitivity 50 
Plug -ins for 500 series 
1A 1 dual trace Plug-in DC-50 MHz 225 
1A2 dual trace Plug-in DC-50 MHz 180 
1A4 four trace Plug-in DC-50 MHz 375 
1A5 Differential Plug ,in ' 175 
Z Differential Plug -in 140 
81 Adaptor Plug-in lA Series to 580 
SeriP.s 75 
7A12 Dual Trace DC-105 MHz 
5mV/div. 410 
7A 18 Dual Trace DC-75 MHz 
5mV/div 370 
7A22 High gain dlff. amp. 
0.1 Hz-1 MHz HliN 450 
7A26 Dual Trace DC-150 MHz 
5mV-5V /div. 525 
7B53A Dual Timebase 5ns-5s/div. 550 

Oscilloscopes (storage) 
TEKTRONIX 
54911A 1. DC-30 MHz. 5mV 
sensitivity. Dual trace. Storage 
scope, Writing speed: 5cm/l's with 
enhancement. Includes trolley 675 
564/3A74i3B4. DC-2MHz, four 
channel. 20 mV sensitivity. Writing 
speed up to 500cm/ms 660 
564B/3A6/2B67. DC-10 MHz. Dual 
trace 10mV sensitivity, split screen 
storage oscilloscope 750 
466 Storage 1350 cm/f'S Variable 
Persist DC-100 MHz 2225 
7313 Split screen 4.9 cm/ f'S. DC-
25MHziM/Ffor3Piug-ins) 1650 

TELEQUIPMENT 
DM64 Storage 250 Divs/ms. 
DC -10 MHz Dual trace . 400 

Phase Meter 
DRANETZ 
301A 5Hz -500kHz . Z in 100kf1. 
Accuracy ± 1 o to ±2°. Analogue 
0/P 401) 

Power Meters 
DYMAR 
2081/100 True RMS. DC-500 MHz. 
30mW-100W 425 

HEWLETI PACKARD 
432A 101'W-10mW, 10 MHz-lOGHz 195 
478A Thermistor Mount for 432A 90 
435A 0.3f'W to 100mW 5 MHz-
18GHz 475 
8481 A Power Sensor for 435A 200 

MARCONI SANDERS 
6460 10 MHz-40 GHz (Depending on 
Head) 300 
6420 10 MHz-12.4 GHz 10mw 110 
6422 10 MHz-12.4 GHz 1mw 85 
6428 26.5-40 GHz 10mw 150 

MARCONI 
TF2512 DC-500 MHz 0.5-30w 50!1 130 
TF 893A 10Hz-20kHz. 201-'W-lOW. 120 

Power Supplies 
ADVANCE 
1VI12V DC to 240V 50 Hz, 150w 
Inverter 125 

BRANDENBURG 
475R 10-2100V 5mA DC Stab. 150 

FARNELL 
L30B 0-30V 1 A DC Stab. 55 

FLUKE . 
415B 0±3100V 30mA 0.005% reg . 
Protected 350 

WIRELESS WORLD DECEMBER 1980 

Bigger stoc~ investment 
greater egu1pme~ range 
means w1aer cho1ce 
ITT 

Prices 
from£ 

Power Lab. up to 30V Dual Supply 90 

MARCONI 
TF215411 0-30V lA. 0±15V 2A 
0±7.5V 4A 60 

. SMITHS 
4701 5-7V o/p Power Pack 32 

SORENSEN 
OCR 300-2.5 (}.300V 2.5A DC Stab. 375 

Pulse Generators 
DB ELECTRONICS 
150. I. C. pulse generator 50 

EH RESEARCH 
· 122. 1 KHz-200 MHz 5V/ 50f1 

RT 12ns 220 
1391U. 10Hz-50 MHz lOV/501'1 
RT 5ns 175 
1221 . Timing Unit 6 Channel 
0-10 MHz 5V /50!1 AT Bns 50 
G710. 5V /50!1 30Hz-50 MHz RT 5ns 100 
132AL. 50V/50!'l 5 Hz -3 MHz 
AT 12ns 175 

HEWLETT PACKARD 
214A lOOV /50f1. Double pulse 0/P. 
W50ns-10ms. 10 Hz -1 MHz. 15ns RT 350 

MARCONI 
TF2025 0.2 Hz-25 MHz ±10V/50V 
RT7ns 350 
PM5n63V/50!1 . 1 Hz-100 Mz 
Rise/fall Times less than 1ns. 275 

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

BRUNO WOELKE 
ME102B. Wow and flutter meter 7'5 
ME102C . Wow and flutter meter 90 

BRUEL & KJAER 
23058 Bench type. Mains operated. 
Log recording of AC: 2Hz-200kHz 
and DC.50 or 100mm paper width . 750 
ZR0001 Linear Pat DC: 10-35 mV · 59 
ZR0002 Linear Pat DC: 10-1 1 OV 79 
ZR0004 25 dB Potentiometer 52 
ZR0005 50 dB Potentiometer 59 
ZR0006 75 dB Potentiometer 69 

Prices 
BRYANS SOUTHERN from£ 
29000 X-Y Recorder A4 0.25mV-
10W~ 525 
BS314 4 chan nell mV-lOV 
16 speeds '1650 
BS3166channel l'mV-lOV 
16 speeds 2350 
29300 X-Y Single pen A4 0.25mV-
10V/cm0.1s-50s/cm 545 ' 
HEWLETT PACKARD 
tB>M. 5 inch. Stripchart Single Pen 
5mV-120V ti P 20cm/min 2.5 cm/Hr 275 
7046A Two pen A3 0.25mV-5Wcm 995 

KUDELSKI 
Nagra 4.2 LSP Professi_onal Audio 
Recorder (Batt optdl 1215 

NAGRA 
Mains Unit for 4.2 LSP 95 

PHILIPS 
PM 8251 Single pen lOin chart 
10mV-50V FS 450 

RACAL 
Store 4. Uses D/4 inch magnetic 
tape . Will record 4 F.M . channels . 
Operates at 7 different speeds. 1675 

S E LABORATORIES 
6150/6151 12 channel UV 
1250 mm /s-25 mm/min 6 in chart 1400 
994 6 Channel Pre-Amp± 1% ± lV 
o/ p 450 
6008 25 Channel f'V 8 in 4m/sec to 
25mm/min 895 
SMITHS INDUSTRIES 
RE541 .20 Single Pen . 0.5mV-100V 
FSD. 3-60cm/min and hour 350 

YOKOGAWA 
3046. 10 inch Chart Single Pen. 0.5 
mV-100 VIIP2.60cm/min and/hr 350 
3047. 2 Pen Version of 3046 425 

Signal Sources and 
Generators 
BOONTON 
102B 4.3-520 MHz lnt / Ext FM/ AM 
0.1f'V-1V50SI 1725 

DYMAR 
1525100 kHz-184 MHz lnt/Ext 
AM/ FM Batt/ Mains 525 

GOULD ADVANCE 
SG70 5Hz-125kHz 600Q 4w 85 

HEWLETT PACKARD 
204D 5 Hz-1.2 MHz. 600f1 . ~Batt. 
0 / P 5V RMS 150 

608E. 10-480 MHz AM 
6208 7-11 GHz50ll FM/PM 1mw 
8614A 800 MHz-2.4 GHz + lOdBm 
to -127 dBm 50!1 AM/FM 
8616A 1.8-4.5 GHz Ext AM/FM/PM 
10mw 
MARCONI 
TF144 H/4S HF Generator 
10 kHz-72 MHz AM 
TF791. FM Deviation Mete, 
4-1024 MHz 
TF801 / Dl. 10-470 MHz AM. FM. ' 
TF995A/2 . 1.5-220 MHz AM . FM. 
TF2171 Digital Synchroniser for 
TF2015 
TF2002/ AS 10 kHz-72 MHz FM/ AM 
0.1-1Vo/p 
TF2012 UHF, FM 400-520 MHz, 
0.03f'V. Counter o/p 

RACAL 
9081 5-520 MHz LED Display 0/P

.130dBm AM/ FM 

ROHDE & SCHWARZ 
SWOB 11 . 0.5· 1200 MHz 50!! 

SCHAFFNER 
NSG101 Ma1ns Interference 
Stmulator . Supenmposes Pulses on 
matns lor testmg immuntty of 
equipment to Interference . Pulse 
amplitude : :o::BOOV . Rtse Ttme 0.251-'s 
Wtdth 50 & 2001-'S 
NSG330 Ignition Interference 
Attachment 
NSG200B Mains Interference 
Simulator (Mainframe) 

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

TEXSCAN 
9900. 10-300 MHz . Sweep generator 
w1th CRT display 
TV Markers set of 5: 31 .5, 32 .5. 35, 
39.5&41.5MHz 

Spectrum Analysers 
HEWLETT PACKARD 
B443A Tracking Gene/counter 
100 kHz-110 MHz 
8445A Automatic pre -selector 
10 MHz-18 GHz 
8555A RF Plug-in 10 MHz-18 GHz 
1kHz Res 
8558B For 180 Mainframe 100 
kHz-1.5 GHz 1 kHz-res 

NELSON ROSS 
011. DC -20 kHz . 80dt;l dynamtc 
range . Dispersion : 100 Hz ·6 kHz 
022 . DC -100 kHz. Dynamic range 
60dB fits into various 500 senes 
CRO's 

TEKTRONIX 
3L5. Plug -in untt fits into various 
5008 series CRO 's. 50 Hz -1 MHz. 
Greater than 60dB dynam1c range 

r]J5rirne <t;q~frnenf""'m '"''" 
9()81 5-520 MHZ Generator 

T PACKARD 
HEW LET M S nal Generator 
8f>40B Precision AM ·F •9 Matnframe 

1411 Spectrum A~~:~:e:a r IF Section 

85526 Spectrum Analyzer RF SectiOn 

85536 Spectrum Analyzer RF Sectton 
B555A Spectrum Analyzer LF Section 
8556A Spectrum Logic Analyzer 
1600A 16 Channel Dtsplav 

PHILIPS MHz 2mV Div . 
PM 3212 Dual Trace 25 Hz 

Osc•lloscope . Dual Tra ce DC-25M 
PM 3214 Dual Ttmebose 

osctlloscope 

(1650 

£4400 
[1650 
{2150 

£525 

TEKTRONIX 50 MHZ Oscilloscope 

<185 Dual Trace 3 Storage Oscilloscope 
T912 Dual Trace cm i mswriting speed 
DC-10 MHZ 250 ·1\oscope Mainframe 
7313 StorageOSCI d DC-25 MHz 
4 .9 cm ' ~s wnttng speein As new DC-1 MHz 
7A22 Differential Plug nth guarantee\ 
10 V -10V t Div112mO 
7:26 Dual Trace Plug in 
DC-150 MHZ 5mV -5V DIV . 5s o'iv CRT Readout 

7853A Dual Timebase 5ns· ---==;;;;;;;;;;;...-

Prices 
from£ 

410 
1100 

1950 

925 

550 

95 
256 
350 

525 

625 

650 

1875 

850 

300 

150 

315 

525 

196 

850 

1300 

3000 

1760 

350 

350 

475 

Carston Electronics 
Contact Brian Hollingsworth or Noel Jennings 

CARSTON ELECTRONICS LTD 01 267 
SHIRLEY HOUSE, 27 CAMDEN RD., • 
LONDON NWl 9NR Telex 23920 5311/2 

WW - 046 FOR FURTHER DETAILS 

Sweep Generators 
HEWLETT PACKARD 

Prices 
from£ 

86908 Mainframe. Inti Ext AM Ext 
FM 
86938 11 00 3. 7-8.3 GHz .5mW. PIN 
levelled 'N' connectors 
8699B I 100 0.1-4 GHz.6mW. 120inW 
to 2 GHzl . PIN levelled . 'N' 
connectors 

TEXSCAN 
9900 Sweep Generator 10-30 MHz 

600 

600 

1200 

CRT Display 525 
VS60 Sweep Generator 5-100 MHz 
Rate 60 Hz 950 
LN40A Log Amplifier 105 

T.V. Test Equipment 
PHILIPS 
PM5508B Pattern Generator. 625 
lines PAL. UK Systems 225 

Voltmeters-Analogue 
AVO 
8 Mk IVAC i DC V.AC I DC Amps .IH 70 

BOONTON 
92AD/01 / 09 10 kHz~1 .2 GHz 1999 
FSD lDJJV Res 525 
92C 10 kHz-1.2 GHz 500f'V-3V. 1% 
of FS 350 

HEWLETT PACKARD 
400E Millivoltmeter 
10Hz-10 MHz B/ W 1mV FSS 99 
427 A . AC ' DC o\1 mul11me1er 275 
3406A . 10kHz 1.2 GHz 345 
8405A Vector Voltmeter 
1-1000 MHz B/W 
Auto Phase Lock 850 
3400A 10 Hz-1 0 MHz 1mV-300V 
True RMS 350 

KEITHLEY 
610C Electrometer DC 1mV-100V, 
Amps 10·•• Recordero / p 350 

LEVELL 
TM3B 5f'V-500VAC 1 Hz-3 MHz t . 
50 to 100 dB 80 

LIN STEAD 
M2H DC • AC 10 H1 ~!Xl kH1 25 

MARCONI 
H2603 A C vnltn11'1"' In 1 1> (;H, 100 
PHILIPS 
f-'M24~H 1tnV :mOV 10 H1 ll MHt 
;," 19MI1 OC U f-' 300 
RACAL 
9301 RMS Millivoltmeter 
10 kHz -1 .5 GHz with carry case 475 
Voltmeters-Digital 
ADVANCE 
DMM 7A/01 1999 FSD 
AC/DC/11/Current 115 
FLUKE 
8000A 1999 FSD . 
AC IDCiOHMS iCurrent 115 

HEWLETT PACKARD 
34740A i 34702A 9999 
FSD .AC ; DC , OHMS 180 

SOLARTRON 
LM1420 .2. 2300 FSD DC only 0 05% 75 
LM 1420.2BA . 2300 FSD AC 
True RMS i DC 110 
A200. 19999 FSD DC only 160 
A203 . 19999 FSD AC .t DC /Il 
Sensittvtty 111-'V DC, 101-'V AC, 
100m!1 res1stancel 300 
A205 .19999 FSD AC 1DC 1H 300 
A243 . 119999 FSD AC , DC dL 
Sensitivity : ( 1f'V DC. 101-'V AC , 
10m!1 resistance) 325 
7050.99999 Auto AC · DC ill 350 

Voltmeters Vector/Phase 
DRANETZ 
305B 9999 FSD Mainframe fo r PA 
3001 module 575 

HEWLETT PACKARD 
3490A 100000 FSD 1f'V-1000V DC 
0.01% 
10f'V-1000VAC&n 625 

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

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

7 
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VOLT
METER 
automatic 
RV9A 

{> 

OFF .. 
AUTO . .. 
MAN. -UP .. 

DOWN .. 
INPUT 
1M() • • 

Bang & Olufsen RV9A is an automatic millivoltmeter and 
measuring amplifier. 

The instrument switches automatically to the actual measure
ment range securing the best possible resolution and accuracy. 

Voltmeter: 
Amplification: 
Accuracy : 
Frequency 
characteristics: 

100~V -317V in 12 ranges 
-50 dB- +60 dB in 12 steps 
±0.1 dB at 1kHz 
10Hz - 1 MHz ±0.2 dB 
10Hz - 10MHz±1.0dB 

Bang & Olufsen electronic instruments are also wow/flutter 
meters, power supplies, oscillators, mill iohmmeters, voltmeters, 
and distortion meters. 

UK agent: Danbridge (UK) Limited, Sherwood House, High Street, 
Crowthorne, Berkshire RG11 7 AT 
Tel: (034 46) 2369 TLX : 847782 

Bang&Oiufsen 
OK- 7600 Struer 

WW- 024 FOR FURTHER DETAILS 
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People ~~o fisten 
fOr a IIVIn~ ... · 

More than 50o/o of professional recording engineers 
choose Beyer Dynamic headphones. 

Why? For the same reasons that our headphones 
are ideal for home use. 

For Clarity. Beyer Dynamic headphones are backed 
by more than fifty years of pioneering research and 
production experience to give you the purest most 

authentic sound· available. ' 
For Comfort. A recording engineer spends long · 
periods list~ni~g through headphones. For him, · 

Beyer Dynam1c lightness and softness is essential 
For you, it's part of the pleasure of listening to be. 
abl~ to forget you're wearing headphones at all. 

For Reliability. Your private listening will not make 
s~ch dem~nds on a pair of headphones as 

recordmg stud1o work, but it's good to know that the 
quality you enjoy is lasting quality. 

Beyer Dynamic headphones. Prices from £20 

listen to us. 

Beyer)))) 
Dynamic 

Beyer Dynamic (GB) Ltd.,1 Clair Road, Haywards Heath, Sussex RH16 3DP. 
Tei.(0444) 51003. 

WW- 027 FOR FURTHER DEl,' AILS 
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The alternative source that's near to hand . . . 
KGM. A video production line with high volume capability, 

here tn Europe. Ready to me·et your orders for open frame 
monitor chassis that neatly replace those long-range imports 

you're using currently. Same mounting, same international -
ndard connections. But one big, competitive advantage . . . · 

so much nearer, with ,the stocks, fast production 
respon service you could only expect from a home based source. KGM prices are · 

highly competitive too, especially on big orders. We can prove that with a quote, but how about product 
performahce? . .. 
The $P8Cifications you want ... bright, clear CRT data display, with superior re-solution . 
The quality you get from years of video experience. Your popular screen sizes, in any phosphor colour. 
Latest miniaturised pcb constr'uction of course, in an open chassis that allows screen tilt and mounting ·· 
variations to fit your package. ' 

:·~ - So if you buyvideo display this way . . . call KGM now. See how keen we are to win your next order. 

KGM ELECTRONICS LIMITED j>ELECTRONICS 
Clock Tower Road, lsleworth, Middlesex TW7 6DU, England. I ;s, ==} l;.f I LIMITED 
Telephone: 01-568 0151 . Telex: 934120 

WW - 068 FOR FURTHER DETAILS 
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***** LATEST DEVELOPME NTS**** 
CRIMSON ELEKTRIK Power amplifiers are the most sophisticated on the markef· 
today. Yet now w ith the latest Issue 5 innovations THEY ARE EVEN BETTER! We 
have included sonic improvements and developed a unique electronic protection 
circuit which obviates the need for output fuses . In fact. such fuses can seriously . 
degrade the performance of an ampl ifier . They can blow under heavy drive 
conditions - even w1th non-faulty loads (due to thermal fatigue), they can be a, , 
time-consuming nu isance and even dangerous to replace, but more importantly they ! 

; are respdnsible for 'enve1ope' 
•d1stort1on ' 1.e .. dynamic compres- 1 . 

. sian of. the signal, even fuses in the 
feedback loop suffer from the first · 
two disadvantages, and the latter 
to a lesser extent. 

* * * * BEST VALUE**** 
CRIMSON have an enviable reputation for supplying the best va lue amP.Iifier ~ i li:_ 
You can prove th1s to yourself by checking out the competition in the followillq 
cruc1al areas : * professional grade phono sockets for A LL signal connect ions * 
Silver/Gold plated switch contacts * Adequate heatsink ing for full-rated output* 

,Available from stock* Manufactured by a spec1al 1st company w1th a reputatiOn for 
fnendly and helpful serv1ce before and AFTER sale* Forms the basis for high quality 
act•ve loudspeaker systems. Considering the advantages of CRIMSON Kits, why 
choose anyth mg else? 

WIRELESS WORLD DECEMBER 1980 

<:;rimson Amplifiers are versatile and dependable. The new CP3000 will give up to 
300watts 1nto 4 ohms at 0. 03% TH D and IS the obvious choice for P .A. and Discos 
reqwnng the best performance. For H i-Fi we produce the ever-popular pre- and 
power amp hardware k1ts wh1ch enable our advanced modules to be houses in 

·attractive metalwork and include everything down to the last nut and bolt. 

Our Pre-amplifier can be_ fitted With the moving coil module allowing it to be. used 
w1th the latest M .C. cartndge (wh1ch can now be bought for as little as £30) . 

Write for details, specifications and full price list or send 50p, cheque/P.O . for our 
comprehensive application I user's manual. 

;~:~~ie'secludes us from publishing all our products and prices, below are just a few 

* PoWer Amp Modules (single channel) 
CE 608 (60 WRM S I 8 ohms) . . . 
CE 1708-(170WRMS/8ohms) . . . ... .. . .... . . 
CP3000-(:~00WRMS/4ohms) . . . .. ....... . . 

* 60 + 60 watt stereo pre and power amplifier complete kit * Stereo Moving Coil Pre-Pre Amplifier Module MC 1 
* 3 Way Active Crossover (single channel) .. . . . .... .. . . . , . . 

. .. £23.10 
. .. ' £38.50 
. .. . £58.00 
. ' ' £208.86 

. £28.50 
' £32.60 

Don't forget, Crimson modules are available throughout the country from all 
g~f~~~~sE~;~f:shalls and Ma1l Order from Badger Sound Services and, of course, 

Prices include V .A .T . and post to anywhere in the U .K. 

- Crimsen Elektrik 

High quality
good 1181&18 

. ndS\\\COn 
. ~ Gennan1u~ a: m stoc\<. 

EXtensNe range o Quic\<. de\Ne{\j 'ro tab\isned o\Jer 
semi- condu~{~~~emationa\ repuci~~ industria\ ~nd rs 

t_y_porters 00. ect supp\ieS 10f o . ate and reta\\ use 
20 ~ears. \f wno\esa\ers. {"rN 
renta\ user~ f~~ist o1 dist~i~ut~~~\comed. 
p\ease sen . ~ enQu\f\eS ~~ . . 
Q\Jerseas distnb~ o; deta\\s and pnces. 

Write, r\n<J or te\ex o 

Edicron 
Edicron Ltd., Redan House, Redan Place London W2 4SA 
Telephone:01-2214717 Telex:265531 ' 

G~rmaniumandSiliconSemi-conductors • Valves • Tubes • TVtubeguns 
WW- 026 FOR FURTHER DETAILS 
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NO WAITING FOR 
THESE TOP 
PRODUCTS 

The PM 25 17 has set the 
standard and the pace in Europe 
for hand-held digital multimeters -
and still it remains in a class of its 
own . 
Remember, its many important 

features include full four digits, so · 
on mains voltage readings, fQr 
example, you might get 240.3 
instead ofthe 240, which a 3Y2 
digit meter would read. 

Some other PM 2517 plus points: 
e LED or LCD display 

· e T rue RMS readings of AC voltage and current 
e Autoranging with manual override · 

e optional accessories include temperature and data hold probes 

Reader inquiry number 220 
The .PM 3207 - Super e iS MHz dual trace 

Scope- is a tough, general purpose e Auto triggering from either channel with adjustable level qetween peaks and TV 
oscilloscope which offers at a low price triggering 
the quality and technology you expect e s mV sensitivity, Y and X (via A input) 
from Philips Test and Measuring e B invert facility 

.Instruments . . R d i . 
Both these Instruments are available off the shelf from the P hilips «EEcttFcfnu!\fls'l~~~eiJHB\~,..f~~1(see address below) or from the following distributors. British 
T ungsram, West Road, Tottenham , London N 17 ORN . Tel : 01-808-4884. P hilip s Se rvice C entres (25 throughout the country). Tel: 01-686-0505 for the address of your nearest 
branch . W essex Electronics Ltd, 114-1 16 North Street, Downend. Bristol BS 16 SSE . Tel: (0272) 571404. 

PATTERN FOR THE .fUTURE 
The PM 5519 colour TV pattern generator is 
already a widely used instrument. As a maJor 
manufacturer of Video cassette recorders, and 
colour television receivers - and the company 
which has developed the world's most advanced 
video disc system - Ph ilips have carefully selected 
the best patterns for; alrgnir]g. anq testing- these 
products . With over 20 colour and b/w test 
patterns to choose from it is the most ver.t;atile 
pattern generator on the market. 
e PM 5519 I for British system - vers-ions 
avai lable for other TV systems 
e RF signals available in bands I, Ill, IV and V 
e Variable Video Output (with I volt fixed 

·position) 
e External video and sound modulation facil1ty 
e Composite sync output for triggering · 
includes the line frame and blanking pulses 
to the local TV standard 

.Reader inquir.v.numbe.r. 222 
Some othe'l- Pl'ulips aud io a nd video 
service instruments: 
PM 5326 RF SIGNAL GENERATOR 
e I 00 kHz-125 MHz in 9 overlapping ranges 

Test & Measuring 
Instruments 

e Built-in 5 digit counter 
e SOmV RF output at 75Q can be attenuated to 
over IOOdB 
e Electronically stabil ised output level 
e Wobbulator facili ty 

Reader inquiry number 223 
PM 6307 WOW AND FLUTTER METER 
e X-tal contro ll ed o'scillator 
• High ace:uracy and frequency stability 

• 3 I 50 Hz or 3000 Hz switchable 
e Separate 'Dnft ' and 'Flutter ' 

indicat ion · 

All Phil ips audio and video service instruments are 
also available from Phil1ps Serv1ce Centres (for details 
see end of PM 3207 section). 
Input advertisements ore des1gned to meet the needs of 
our professional customers. They are a shop window for 
Ph11ips Test and Meosunng Instruments- and we will be 
changing the d1splay freque'ntly because we hove a lo t of 
products to show you 
Where you require full information about a product, tick 
the coupon and attach it to your nome and address, or 
letterhead - or, of course, use the JOurna l's reader mquiry 
service . You will rece1ve 1n return a detmled information 
pack re~ecting your specific reqwrements. 

Inquiry no . 

PM 2517 multlmeter 
PM 3207 oscilloscope 
PM 5519 colour TV pattern generator 
PM 5326 RF signal generator 
PM 6307 wow and flutter meter 

• Ph1 l1 ps Elec t ron iC Instruments Dep t . 

220 c 
221 D 
222 0 
223 0 
224 0 

. 
~~@ Pye Unicam Ltd 

Yor k Street. Cambr•dge . hgland C B1 2PX 
Tel Cambr1dge (0223) 358866 Telex 817331 

PHILIPS 
www.americanradiohistory.com
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me ron 
INDUSTRIAL 

MUSCLE 

Model- M600 
* POWER RESPONSE DC- 20KHz± 1 dB . 
* OUTPUT POWER IN EXCESS OF 1 .5kW INTO 2. 75 Ohm LOAD (CONTINUOUS R.M.S.). 
* D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVa. 
* HARMONIC DISTORTION LESS THAN 0 .05% DC-20KHz AT 1 kW INTO 6 OHMS 
* PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OSCILLATORS * UNIPOLAR AND 

BIPOLAR DIGITAL INTERFACES, FUNCTION GENERATORS, AND MAf\!Y OTHERS . • 
* OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD . 
* FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD. 
* TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. 
* INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 
* 3-YEAR PARTS AND LABOUR WARRANTY. 

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

.Kirkham Electronics 
MILL H-ALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL 

DIVISION -OF K.R.S. LIMITED 
TELEPHONE (037 976) 639 / 594 

WW - 057 FOR FURTHER DETAILS 
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· You cant beat 
The·System. · 

The Experimentor System™ -a quic~er transition from imagination 
through experimentation to realization. 

Wheri you have a circuit idea that you want to 
make happen, we have a system to make it happen 
quicker and easier than ever before : The 
Experimenter System. 

You already know how big a help our 
Experimenter solderless breadboards can be. Now 
we've taken our good idea two steps further. 

We've added Experimenter Scratchboard 
workpads, with our breadboard hole-and-connection 
pattern printed in light blue ink. To let you sketch up 
a layout you already have working so you can 
repr0duce it later. 

With Experimenter Matchboard you can go from 
breadboard to the finished product nonstop! We've 
matched our breadboard pattern again, this time on 
a printed circuit board, finished and ready to build 
on. AI I for about £1.32. 

There's even a letter-and-number index for each 
hole, so you can move from breadboard (where 
they're moulded) to ScratchboardTM (where they're 
printed) to MatchboardTM (where they're silkscreened 
onto the component side) and always know where 
you are. 

When you want to save time and energy, you can't 
beat The Experimenter System. 

1 EXP -300PC. wh1c:h lflc iudes one 1tem 2 EXP -302. wh1ch 1r~c l udes tt:1·ee 1temc, 3 EXF -303 . wluc l ~ lllCiude" tlwee 1Lems 4 EXP-304 . wh1ch 1nclu de s lmw 1tems 

'A MatchboanJ pn~ - dr·;tled PCB 'Th1·ee 50-sheet Scl·atchboal·cJ wor·kpads 'Two MiiLCilllU<wds L111d an EX P-300 'Two M atchboa r·ds. "" EX P: lOO 
£1.32 £1.6S solcler · l~sc, IJr·eadbo;wrl br·eadboar·d and a Suc> tt·llllodr'LI wud.pad 

£8.60 £9.30 

13 

r-----------------, ·CONTINENTAL SPECIALTIES CORPORATION I · CONTINEN~et~. ~~r~~~~~~!!i~~st~?~~~n~~~Je~?E~~xDEPT. 7W2 I . . 5 . I Name I 
I Address 

Inc P&P and 15% VAT I 
FREE Catalogue tick boxO 

I I enclose cheque/ PO for I 
C.S.C. (UK) Limited, Dept. 7W2 
Unit 1, Shire Hill Industrial Estate, I £ I 
Saffron Walden, Essex. CB 11 3AO. L Phone your order with Access, Barclaycarrl or American Express .I 
Telephone: Saffron Walden (0799) 21682 card No. Expiry date _____ _ 

Telex : 817477 ----------------- . WW- 025 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com
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The complete fully reviewed D 100 
range of Videotone Speakers Minimax 11 
which dominate within their GB3 
class. Now at lowest ever prices. GB2 

GBS 
093 

ELECTRONI·Cc;S---........,~~ 
This new range of Electronics from Videotone 
redef ines the words quality and value for money 
to a new high. 
30 watt amp MC input SA4130 £75.00 
Stereo Tuner ST4120 £68.00 
Cassette full features SC3200 £98.00 
50 Watt amplifier WA7700 £77.00 
20 Watt ampl ifier LA2020 £58.00 

HEADPHONES 
HP 90 Headphone 
HP 80 Headphone 

Superbly· made with top flight 
performance. 

WIRELESS WORLD DECEMBER 1980 

Fast becoming one of the 
top names 

MOVING COIL 
UK's No.1 Cartridge 
MC 81 £48.87 
777EX £35 
777E £25 

HEAD AMP 
H300 £51 .75 
T100 £24.75 

MOVING MAGNET HEADSHELLS 
555SX £7.28 S100 £6 
555E £14.22 S101 £7 
6'66E £32.48 S200 £4 

TURNTABLES 
Sansui SR222 Mk2 
JVC LA 11 • 
JVC SLQ 3 

/"'},IJV' Co.sftJ~isedy~~ t~~~ find that the products ~hi - value for money Th page are the best possible 
ave eliminated lar e . ey are only low in price beca 

£69.00 
£64.00 

£140.00. 

~~r~/~c~U:::~· :~:~~Y ~:p~eic~gfu.~~r~fpsae~~i~d ~~!~~~~h~~ ~~hye~ub~W!~e':/hse 
compet . . I 1c Item you m b · · ave h 

1 
e':lt real1st1c staff of eng · ay e rnterested in and a 

e p you rn your choice Our c rneers at our London Showrooms 

W
comprehensive and we. offer onsumf er protection packages are to 

e carry out our . . every orm of f1nancing 
Money Wear own servlcrng and are dedicated you may require. 
purcha~e withec~~~f~~ent obur products are unbeat!~~~~v~ng Va lue for 
selected them from nee _ecause our Engineers hav . ou may 
;e import them dire~~~~~~~~~~~:~urces throughout thee s~~~!~ 1!Ynd 

emember, you have 21 days trial . ~~ 
perrod on all products . That is . 
the measure of our confidence. . . 

Managing Director 

SEND FOR 0 
LATEST FREE BROCHURE 
AND DETAIL LIST OF LOCAL 
SALES OUTLETS IN THE U.K. 

~---------------1 VIDEOTONE 

ICEOTON~ 98CROFTONPARK ROAD, 
~ CRO FTON PARK, LONDON SE4 

I Tel: 01-690 8511 /2 

' ~ Please send me your Di rect Selling Brochure and. list of sales outlets. 

I Name ______________________________________ __ 

I 
I Address -------------------------------------. I 
I ww 12110 1 

L------------------------~ WW - 040 FOR FURTHER DETAILS 

I 
I 

WIRELESS WORLD DECEMBER 1980 

SPECIAL PURCHASE 

/ILKAIS£1 
OF TOP QUALITY 

LCD MULTIMETERS 

CHOOSE FROM FOUR MODELS * 3V2 digit autoranging (volts/OHms) * 200 hours battery life (2 pencells) * 10 am p AC/DC (6220 & 611 0) * 1 OOOv DC 
600v AC * 200 mA AC/DC (6200 & 6100) * Range hold faci lity (6100 & 61 10) * Unit and range sign (611 0 & 6220) * Continu ity buzzer (6100 & 6110) 

RESOLUTION 
100 1-1VDC. 1 'mVAC 
10 j.tA AC/DC. 0.1 oHM 
10 mA on 1 OA. AC/DC 

OTHER FEATURES 
(ALL MODELS) 
Low power OHms Range 
Zero Adjust key 
Battery Warning 
In circuit resistance test 

· Size 155 x 85 x 28 mm. 250 g. 

r6200 
622.0 

£39.95 
£49.95 

:ACC_URACV 
61 00/611 0 • 

o.5% be Volts 
1% DC Current 
1.2% AC Current 
0.5% Resistance 

6200/6220 

0.8% DC Volts 
1.3% DC Current 
1.4% AC Current 
0.8% Resistance 

6100 
. 6110 

£64.95 
£74.95 

* All prices include batteries/leads and UK VAT (UK C/p 65p) * Order By Post or Telephone with Barclay or Access. 

OR CALL IN AND SEE FOR VO~RSELF 
Prices correct at 1. 11 . 80 E&O E 

Cubegate limited .OPEN 9-6 SIX DAYS A WEEK 

AUDIO ELECTRONICS 
301 EDGWARE ROAD. LONDON. W2 1BN 

TELEPHONE 01-724 3564 ...... "':. B 
: . 

Send large SAE 
(1 7Y, p UK) 

School s, Co mpan1es . 
etc . fre e on request. 

REF. (W/1/) 

I ADDRESS 

I Please supply QTY . Model (s) 

I ' / We enclose (inc . 6 5p post) . . . . . . . . . . . . Chq I PO Value . . . . . . . . . I 
1 OrdebitBarc lay / AccessNo . .. . . .. . . . . ... . ...... _ . . . _ .. . ... . ·.JI ._______________________ ' 

WW- 039 FOR FURTHER DETAILS 

TelequipmenT 861 

SINGLE TRACE LIGHTWEIGHT 
5 MHz OSCILLOSCOPE 

NEW! 
Unused, Ex-stock, 
to manufacturer's 
full specification 
This offer cannot be repeated. 
Available only whilst stocks last. 

BANDWIDTH DC to 5M Hz (-3dBl 
DEFLECTION 5mV I div to 20V I div 
SWEEP SPEEDS 500ms/div to 1JJsldiv 
TRIGGERING Variable control or Auto 
SOURCE Internal, External or Line 
C.R.T. 5" tube 8 x 10 divisions (each division 

nominally 1 em) 
DIMENSIONS 280mm High, 160mm Wide, 

370mm Deep, Weight 6.0kg 
For comp lete spec. of the TelequipmenT S61 , or t o order direct 
- complet e and post coupon t oday. Personal callers w elcome. 
Only 5 mins from Camden Town underground. Come and see 
our complet e range of 'Blue Chip ' Used Test & M easuring 
Equipment. 

H~TO-;;D;- -:;o ~S~ E~TR~IC;:;D~ {) 
Shirley House, 27 Camden Road, 
London NW1 9NR Telephone 01-267 5311 

15 

I Fill in coupon and return 
with your cheque made 
payable to Carston 
Electronics Ltd . 
(Remember to include 
packaging & dispatch fee . 
U.K. mainland only.) 

Please send me the TelequipmenT 561 scope - I enclose 
my cheque fo r£151 .80(which includes£10 net, pack ing and I 
dispatch + VAT on total) . 0 

Or we can debit your 

I
, Barclay Card or Access 

Account - tick box as 
appropria te. Allow 21 
days for delivery to 
you r door. 

Pl_ease charge my ready-cred it card . Barclay/ Access, 

account No . . ... 

Pl ease send me further informati0n on the 861 / and details 
of your complete ra nge ot"'second user' equipment D 

· Signature ----------------

Address for delivery-------------------

--------------- Post Code ____ _ 

Registered No. 890082-England . 
12/WW _.,.,., 

WW - 032 FOR FURTHER DETAILS 

I 
I 
I 
I. 

I 
I 
J 
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lntro~ucing th~ latest pro.fessional sta~e-of-the-art 3 Y2-digit DMM - ·at really old
fashioned pr1ces! From JUSt an unbelievable £39.95 inc. VAT, plus £1.15 p&p! 

6100 6110 ' 6200 6220 
RESOL UTION I mV, I Of.JA , 0 I 12 I mV, I OOpA. 0 . 1 ~1 
FULL AUT O RA NGI NG 

RANGE HOLD 

UNITS OF MEAS UREMENT DIS'PLA YED mV V. mA mV V. mA. A mV. V. mA mV. V mA A 
FUNC TION S DISPLAYED ~ ~. Kl2. AUTO BATT ADJ. LO. - and AC 

MEASURE S DC VOLTAGE TO IOOOV IOOO V IOOOV I OOOV 
ME ASU RE S AC VOLT AGE TO 600v 600v 600v 600v 
MEASU RES AC DC C URR ENT TO 200m A lOA 200rp A l OA 

MEASURES RESISTAN C E TO· 2 Megohms 2 Megohms 2 Megohms 2 Megohms 
ZERO ADJUST ME NT Ze ros out m• nute te st -le ad r e srs tanccs for prec•se measurements 

ACCU RACY 0 5'o 0 5°o 0 8 °o 0 s: 
LOW POWER O HM RANG ES For rn -c rr curt r es•sta nc e mea su remems on a.ll models 

BUZZE R Contonu1ty Test 

BUZZE R - Ov er Ra nge lnd1( ato r 

.CO MPLETE WITH Baaen es . pa•r o f Tes t Leads . Spar e Fuse . six mont hs' guar antee 

PRIC E O NI Y £64.95 O NLY £74.95 ON LY £39 .95 O NLY .£49 .95 
p&p £1.15 £1.15 £1.15 £1 . 15 

Why such a low, 'low price? 
Because the AID converter and 
display are custom built ! This is a 
genuine top-spec DM M. Check 
these featu res fo r unbeatable value 
- you won't find a hand-held 
DMM with these features at ·these 
prices again! 

- ----- ---ACCESS orders take n . Ple ase w r ite card no : .and signature . r:li::'=e=h=s=e:-
___ 6200 (fJ £41.10 each . inc VAT. p&p Total pr ice{. ___ _ ACCESS NO ________ _ l 

I 
I 
I 

___ 6220 @ £51 . 10 each . inc. VAT . p&p T oral price £. __ _ I 
I 
I 

___ 6100 (fJ £66. 10 each , inc VAT , p&p Total prjce £. ___ _ 
Name . ____________________________________________ ___ 

___ 6110 (fJ £76. 10 each . inc. VAT. p&p . Total price£.. ___ _ 
Address 

@ Total· cash cheque enc lose d ..._ ____________ _ 

Cheques payable to 

M~clin-Zand Electronics Ltd . , please S1gned 

Maclin-Zand 
To: Mac lin-Z and Electronics Ltd , 38 Mou nt 
Pleasant . London WC I X OAP . I ~~~Mount Pleasant, London we I X OAP L- 01 -278 7369101 -837 1165 . 

- - - - - - Mak ing state-of-the -art a ffo rdable . 

For overseas orde rs, please ::J 
add £. 5 to cost o f t o ta l o rder pac-kage . 3WW ------
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AND THERE'S MORE WHERE THIS CAME FROM 
It's a long t ime since one of our adverts was presented in 'l ist' form - but simply because we do not try to squeeze this lot in every time 
doesn't mean that it's not available. Our new style price list (now some 40 pages long) includes all this and more, including quantity prices 
and a brief description. The kits, modules and specializ.ed RF components - such as TOKO coils, filters etc. are covered in the general price 
list - so send now for a free copy (with an SAE please) . Part 4 of the catalogue is due out now (incorporati ng a revised version of pt. 1 ). 
.!:.~N.E~!'Jfs_-:_f!~~IE_~~_!._I_~_!I'!q~ !!.~~...!1.!!!!.!:~1'! 7443N 1.15 74LS112 0.38 74I...S169 2.00 VARICAP !!'!~!'!~~!.~'!~ CAPACITORS 
TIW.20S 1.00 KB4413 1.95 7444N 1.12 74LS113 0.38 74170N 2.30 :ruN"ir.iG-DIODEs ~!,!Q!__O_~~'{.I.!_:~~ All 5mm or less spacing 
L200 1 . 95 KB4417 1 . 80 7400N 0 . 13 7445N 0 .94 74I...S114 0 . 38 74LS170 2 . 00 -BAJ.ci2-o-:-3o-- BC23.7 0.08 
U237B ' 1 . 28 Tfll>.4420 2 . 25 74LSOO 0.20 7446N 0.94 74118N 0.83 74LS174 1 . 20 IW.21 0 . 30 BC238 0.08 CJ::HAMIC 50v 

U247B 1 . 28 KB4420B 1.09 7401N 0 .13 74LS47 0.89 74120N 1.15 74175N 0 . 87 I'IT210 0 . 30 BC239 0.08 2l'2,31'],4P7· ,6 f'~ 

U257B 1.28 KB4423 i .3o 74I...S01 0.20 7448N 0.56 74121N 0.42 74I...Sl75 1.10 882048 0 . 36 8C307 0.08 8P2, lOP ,15>' I 18P •• o .04 

U267B 1 . 28 KB4424 1 . 65 7402N 0.14 74I...S48 0 . 99 74122N 0.46 74176N 0 . 75 8Bl058 0.36 BC308 o.o8 22P,L7P,33f',47P 

11'!30lH 0.67 KB4431 1.95 74LS02 0.20 74LS49 0.99 74123N 0.73 74177N 0 . 78 BB109 0.27 8C309 0.08 . 56P ,68P ,82P ,lOOP, 0 . 05 
150P , 220P,270P 

11'1301N 0.30 KB4432 1.95 7403N 0.14 7451N 0. 17 74LS124 1.75 74181N 1.65 MVM125 1 . 05 BC413 0 . 10 330P ,390P ,4 70P . , .0.055 
IJo1308H 0.96 KB4433 1.52 74LS03 0.20 74I...S51 0 . 24 74125N 0 . 38 74I...S18l 3.50 88212 1 . 95 8C414 o.u 

. l N0,2N2 ,3N3 ,4N7, .0 . 06 
11'1308N 0.65 KB4436 2.53 7404N 0.14 7453N 0.17 74I...S125 0.4 • . 74I...Sl83 2 .10 KV1210 2 . 45 8C415 0.07 !ON (0.01iJF),,, .0.05 
11'!339N 0.66 KB4437 1.75 74I...S04 0.24 7454N 0.17 74126N' 0 . 57 74184N 1 . 35 KV1211 1.75 BC416 o.o8 22N,47N •• •• • • • ••• 0 . 06 11'!348N 1.86 KB4438 2.22 7405N 0.18 74LS54 0.24 74LS126 0.44 741S5N 1.34 KV1226 1.95 BC546 0.12 lOON,220N, . , ,,, •• 0 . 09 
LF35lN 0 . 38 KB4441 1.35 74IS05 0.26 74LS55 0.24 74128N 0.74 74I...S190 0.92 KV1225 2.75 BC556 0.12 M:NJLITHIC CERAMIC 
LF353N 0.76 KB4445 1.29 7406N 0 . 28 7460N 0.17 74l32N 0.73 74192N 1 . 05 KV1215 2.55 8C5.50 0.12 10N,100N •• , ••• ,, . 0.16 
11'1374N 3.75 K84446 2.75 7407N 0.38 74I...S63 1.24 74LSl32 0 . 78 74I...S192 1 . 80 KV1225 2.75 BC560 0.12 
11'!380N-14 1 . 00 KB4448 1.65 7408N 0.17 7470N 0.28 74I...Sl36 0.40 74193N 1 . 05 ~!I.!_:~!.f!q_~~Q BC639 0 . 22 FEIDI'HIU 
11'!380N- 8 1.00 NE5044N 2 . 26 74LS08 0.24 7472N U.:.!M 74LS138 0.60 74LS193 1 . 80 PIN DIODES BC640 0.23 lNO SOLDER IN .. .. 0.09 
11'!381N 1.81 NE5532N 1.85 7409N 0.17 7473N 0.32 74141N 0 . 56 74194N 1.05 SHOTTKYDIODES 2SC1775 0.18 POLYESTER (SIEMENS) 
ZN419CE: 1 . 95 SD6000 3 . 75 74I...S09 0.24 74LS73 0 . 39 74142N 2.65 74196N 0.99 -iN626.f0:62--r 2S111172A o.u lOrnn LEAD SPACING 
NE544N 1 . 80 SL6270 2 .03 7410N 0.15 7474N 0.27 74143N 3.12 74I...S196 1.10 

IW.82 0.19 
2SV666A 0.30 10N,22N,33N . , ,. , .0 . 17 

NE555N 0 . 30 SL6310. 2 .03 74IS10 0.24 74LS74 0.28 74144N 3.12 74LS197 1 . 10 Bl\.244 0 . 17 . 2SB646A 0 . 30 4 7N,68N,100N, ,:. , .0.19 
NE556N 0.50 SL6600 3.75 7411N 0 . 20 7475N 0 . 38 74IS145 0 . 97 74198N 1.50 

BA379 0 . 35 2SV668A 0 .40 220N,470N •••• ' . .. 0 . 22 NE560N 3.50 SL6640 2.75 74ISll 0'. 24 7~76N 0 . 37 74147N 1.75 74199N 1.60 
'm\1.061 0.95 2SB648A 0 .40 luF • • ••• •.. • ; • . • • 0.29 NE562N 4 . 05 SL6690 3.20 7412N 0 . 17 74LS76 0.38 74148N 1 . 09 74I...S247 0 . 93 

~§~~!.P...!QQ!~ 
2SD760 0 . 45 

NE564N 4.29 SL6700 2.35 7413N 0.30 74I...S78 0.38 74LS148 1.19 74LS257 1 . 08 2SB720 0 . 45 POLYESTER (GENERAL) 
NE565N 1.00 ICL8038CC 4 . 50 7414N 0.51 7480N 0.48 74150N 0 . 99 74I...S260 1 . 53 ~~~.f!~J.~J!S 2SC2546 0 . 19 l Ornn LEAD SPACING 
NE566N -.1 .60 MSL9362 1 .75 74LS15 0.24 7481N 0.86 74151N 0.55 7 4I...S279 0 . 52' lN4148 0 . 06 ~084 0.20 lON , l5N,22N ,33N, .0.06 
NE570N 3.85 MSL9363 1.75 7416N 0.30 7482N 0.69 74LS151 0.84 74I...S283 1.20 lN4001 0 . 06 2SC2547 0.19 47N,68N,l00N.,, •• 0.08 
SL624 3 . 28 HA11211 1.95 7417N 0.30 7485N 1.04 74153N 0.64 74LS293 0 . 95 lN4002 0.07 ~085 0 . 20 220N ........... . . 0.11 
TBI\.651 · 1.81 HA11223 2.15 7420N o-.16 74LS85 0.99 74LS153 0.54 74LS365 0.49 lN5402 0.15 AUDIO POWER 20rrrn LEAD SPACING 
uA7090C 0.64 HA11225 1 .45 74IS2P 0.24 74LS86 0.40 74154N 0 . 96 74LS366 0 .49 0"81 0 . 07 oeviCes ___ 220N,330N,470N •• ,Q .18 
uA709PC 0 . 36 HA12002 1.45 7421N a·.29 7489N 2.05 74155N 0 . 54 74LS367 0 . 43 AA112 0 . 25 25B753- 2 . 34 MYlAR 
uA7100C 0.65 HA12017 0 .80 74LS21 0.24 7490N 0 . 33 74I...Sl55 1 . 10 74LS368 0.49 8RIJ:Q:S : 

2SB723 2 . 34 5mn LEAD SPACING 
uA710PC 0 . 59 HA12402 1.95 7423N 0.27 74I...S90 0.90 74156N 0 . 80 74LS374 1 . 80 1A/50V 0.35 2SK133 3 . 00 lNO, 10N,22N ,33N •• 0.08 
uA741Cli 0.66 HA124ll 1.20 7425N 0.27 7491N 0.76 74157N 0 . 67 74I...S377 1.95 6A/200V 0 . 75 2SJ 48 3.00 lOON., , ,,,,,,,, , .0.09 
uA741CN 0 . 27 HA12412 1.55 7427N 0 . 27 74LS91 1 . 10 74LS157 0 . 55 74LS379 1 . 30 2SK134 3.10 2!mn LEAD SPACING 
uA747CN 0.70 LF13741 0.33 74IS27 0.44 7492N 0 . 38 74LS158 0 . 60 74LS393 1 .40 2SK135 3 . 75 2200,47(lll, ••• •• • 0.17 
uA748CN 0.36 SN76660N 0 . 80 7428N 0.35 74LS92 0 . 78 74159N 2 . 10 2SJ 50 3.75 
uA753 2 . 44 74IS28 0.32 7493N 0 . 32 74160N 0.82 TOKO COILS AND FILTERS BD535 0 . 52 

POLYS'IYRENE 
uA758 2. 35 FREQUENCY DISPLAY 7430N 0.17 74I...S93 0 . 99 74IS160 1.30 SE~ THE EXTENSIVE SECT ION BD536 0.52 

lOP ,lSP ,18P ,22P I . 

TBABlOA.S 1.09 ~§~~!8~~~~~I~-- 74LS30 0.24 7494N 0 . 78 74161N 0.92 IN OUR NEW PR ICE LISTS AND BD377 0.33 27P,47P,56P ,68P •• 0.08 
TBA820M 0 . 75 7432N 0.25 7495N 0 . 65 74LS161 0 . 78 CATALOGUE BD378 0 . 33 

lOOP ,180P ,220P I 
TCA940E 1.80 SAA1056 3 . 75 74IS32 0.24 74I...S95 1 . 14 74IS162 1 . 30 LF/HF FIXED INDUCTORS 80165 0 . 30 

270P,330P ,390P . • • 0.09 
Tml028 2.11 SAA1058 3.35 7437N 0.40 7496N 0.58 74163N 0.92 :FuCCe12RANGE ____ BD166 0.31 

4 70P ,680P ,820P ... 0.10 
Tfll>.1029 2.11 SAA1059 3.35 7438N 0 . 33 74I...S96 1.20 74IS163 0.78 1N0,1N2 ,lN5,1N8 •• 0.11 
'ID\.1054 1.45 llC90DC 14.00 74LS38 0.24 7497N 1.85 781\. series luH-lmll 0 • .16 SMAL L SIGNAL 2N2,2N7 ,3N3 ,3N9 • • 0 .12 74164N 1.04 ~~PIYI~E§--Tfll>.l062 1 . 95 LN1232 19 . 00 7440N 0.17 74I...Sl07 {).38 74IS164 1.30 8~ series 4N7 ,5N6,6N8,10N •• 0.13 
Tml072 2~69 LNI.242 19.00 74LS40 0 . 24 74109N 0.63 74165N 1 . 05 100uH-33mll 0.19 8Fl94 0 . 18 TAm'I\LUM BEAD CAPS .Tml074A 5.04 MSL;2318 3 . 84 7441N 0.74 74LS109 0 . 70 74I...Sl65 1 . 04 10RB series BF195 0.18 16v: 0.22,0.33, 
Tfll>.l083 1.95 M::l-15523 11.30 7442N 0.70 74110N 0 . 54 74167N 2.50 33mH-120mH 0.33 BF224 0.22 0.68,1.0 •• • • •• ••• 0.18 Tfll>.l090 3.05 M::l-15524 11 . 30 74I...S42 0 . 99 74lllN 0 . 68 10RBH series 8F241 0 . 18 16v: 2 . 2,4 . 7 ,10 •• 0.19 
J:iAJ.l37 1.20 M::l-15525 7.85 Gl 

120mii-LSH 0.55 8F274 0.18 6v3 : 22,47., , ,. , . 0.30 
HAll96 2 . 00 M::l-15526 7 . 85 . PIEZO SOONIER BF440 0 . 21 l Ov: 22,100 ••• •• • 0.35 
HA1197 1.00 M::l-15527 9 . 75 4043 0.85 P82720 0.44 BF441 0.21 
Tll\.1220 1 .40 M::l-155271 9.75 4044 0.80 ~Q.!:.!.~~IE_~~q~~~~~~ BF362 0.49 ALUMIN ELECTROL YT ICS 
I.Ml303 0.99 ICM7106CP 9.55 4046 1.30 . Bf395 0 . 16 RADIAL (VERT. MOUNT) 
11'11307 1.55 ICM7107CP 9 . 55 4047 0.99 78series 0 . 95 8F479 0 . 66 (uF/voltage) CRYSTAL FILTER PRODUCTS .!:.~~s MC1310P 1.90 ICM7216B 19 . 25 4049 0 . 52 79series 1.00 ------------------- BF679S 0.55 
MC1330 1.20 ICM7217A 9 . 50 4050 0.55 78Mseries 0 . 65 10. 7MHZ 2 roLE 'IYffiS: 5MM Rill 0 . 12 8FR91 1.33 

1/ 63,2.2/50 , 4. 7/35 

MC1350 1 . 20 SP8629 ' 3.85 4051 0 . 65 78Lseries 0 . 35 10M! SA 15KHZ !JoY 2.49 3MM Rill CLEAR 0.15 81:'W92 0 . 60 
10/ 16,15/ 16,22/10 

HA1370 .1.90 SP8647 6 . 00 4052 0 . 65 79L05 0. 85 10 . 7Ml:IZ 8 roLE 'IYPES: 3MM Rill 0.15 8fT95 0 . 99 
33/6. 3 •• • • •• •• • •• o . 08 

HA1388 2.75 95H90PC 6.00 4053 0.65 7800!'2C 1 . 75 10M48l 15kHz !JoY 14.50 2.5 X 5MM RED 0 . 17 8FY90 0 . 90 
22/ 16,33/10 1 

Tm1490 1.86 HD10551 2.45 4063 1 . 09 79MGr2C 1.75 H4402 7.5KHZ !JoY . 15 . 50 ·5MM GREEN 0.15 40238 0.85 
47/10 •••• • ••• , ... 0.09 

MC1496P 1 . 25 HD44015 4.45 4066 0.56 723<N 0.65 10M22D 2.4KHZ SS8 17 . 20 3MM GN CLEAR 0.16 RF POWER 
10/63,22/50,33/501 

SL1610P 1 . 60 HD12009 6 . 00 4068 0 . 25 L200 1.95 +IF 'FIRST FILTER: 3MM GREEN 0.16 
Q~Y:~~-

47/16,100/16 ••••• 0.10 

SLl6llP 1.60 ' 4069 0 . 20 Tfll>.l412 0 . 75 834F8A 34.5MHz HF 32.00 2.5XSfotoiGN 0 . 20 4 7/63,100/25,220/16 
HD44752 8.00 

NE5553N 1 . 25 SMM YELI..GI 0.15 VN66AF 0.95 470/6 .3 • ••••• ••• • 0.12 SL1612P 1.60 4070 0.20 
SL1613P 1.89 4071 0 . 20 [Joi317MP 1.48 ~~Q!._0_£~~~1!~':..£'!~~~!~ 3MM YELI..GI CL 0 . 16 2N3866 0.85 100/ 63,470/16, 

SL1620P 2.17 £~Q~!I!.02~!~!.t;§ 4072 0.20 [Joi337MP 1 .48 3MM YELI..GI 0 . 18 SMALL SIGNAL 1000/10 •• • • • •• • •• 0.18 

SL1621P 2.17 4073 0.20 
(No splits available) 2.5 X 5MM YE 0 . 20 ~~:E!~=:o~:E! 1000/16,470/ 63 ••• 0.23 

SL1623P 2.24 4001 0.17 4075 0.20 ~.!.·~.!! ... ~"'!~'!.~~ AM TX:- 5MM ORANGE RED 0 .20 BF256 0.38 
1000/63,2200/16 • • 0.30 

SL624C 3.28 4000 0.17 4076 0 . 90 3rd ar 30pF OC2SU 1.65 SMM ORA CL 0.29 2SK55 0 . 28 
3 300/25 • • • ••••••• 0.69 

SL1625P 2.17 4002 0 . 23 4077 0.20 8080A/2 7 . 50 AM/FM RX:- 3MM ORANGERED 0 . 19 2SK168 0 . 35 
1000/100 • • ' •••• '.0 . 88 

SLl6 26P 2.44 4008 0.80 4078 0.20 8212 2.30 3rd ar 30pF OC2SU 1.65 2 . 5 X 5MM ORA 0.24 J310 0 . 69 
10000/70 ••.••••.• 3.00 

SL1630P 1.62 4009 0.58 4082 0 . 20 8214 3.50 FM TX :- SMM INFRA RED 0.56 Jl76 0.65 AXIAL (HORIZ , r-llUNI') 
SL1640P 1.89 40108 0.58 4093 0.78 8216 1.95 Fund 20pF OC25U 1.85 8PW41 IR !ET 1.51 40823 0.65 1/ 25,4.7/16 ,6. 4/ 25 
SL1641P 1.89 40 l lAE 0 . 20 4175 0.95 8224 3 . 50 Pain; FM 3.25 IR CPI' CPLR 1.44 40673 39t51 10/ 16 . .. . . .... . .. 0.08 
Tfll>.2002 1.25 40118 0.20 4503 0 . 69 8251 6 . 25 Pairn AM 3 . 10 5MM CLIP 0.04 3SK45 0 . 49 4 . 7/63,22/ 10,22/ 16 
Tfll>.2020 3.00 4012 0 . 55 4506 0.51 8255 5 . 40 ~£~ 3SK51 0 . 54 33/16 ••... • ...•.• 0.09 
UI..N2242A 3 . 05 4013 0 . 55 4510 0 . 99 3.5 dig i t 9.45 I 3SK60 0.58 4 7/ 25,100/16 •••. • 0.10 

, UI..N2283B 1 . 00 4015 0 . 95 4511 1 . 49 6800P 7 . 50 CRYSTALS 
4 dig it 8.95 MEM680 0 . 75 100/25 •••• ' .••. ' .0 . 11 

CA3080E 0 . 70 4016 o.5i 451 2 0.98 6810 5.95 -32: 768-kiiz 2.70 5 d i g it 8 . 95 8F961 0.70 1000/ 16 •• • • • • • • . • 0 . 25 
CA3089E 1.84 4017 0.80 4514 2 . 55 6820 7.45 100kHZ 3.85 BF960 1 . 24 2200/ 16,1000/ 25 • . 0 . 36 
CA3090AQ 3.35 4019 0.60 4518 1 . 03 6850 4 . 90 455kHZ 5.00 3SK48 1.64 1000/ 35 , 4700/ 16 • • 0 . 45 
CA3123E 1.40 402GB 0.93 4520 1.09 6852 4.85 l.OMHz 3.00 1000/50 • • • • • • •• ' .0 . 58 
CA3l30E 0.80 4021 0.82 4521 2.36 3 . 2768MHz ·2.70 SOIOI'll<Y DIODE 81\L 
CA3l30T 0.90 4022 0.90 4522 1 . 49 MC2708 7.50 . 4.00CW!z 2.00 MIXERS (SBLl=MDl08) RESISTORS 

CA3140E 0 . 46 4023 0.17 4529 1.41 2114 6 . 50 4.19439MHz 2.30 S8Ll 1- 500MHz 4.25 ~.<2Q .. ~~!!!l!.~ 0 o 25W 1 5% El2 ao.RBJN 

CA3189E 2 . 20 4024 0.76 4539 1 . 10 4027 5 . 78 6.5536MHz 2. 10 SBLl-8 . 1- 20CW!z 4.55 CM161. 
lohm-lOM • • , .. • • • . 0 . 02 

MC3357P 2.35 40 25 0.17 4549 3.50 210.2 1.70 lO . Or.tiz 2.50 SBLl-X 10-1000MHZ 5. 75 Min iature clock , 
0. 25W 1% El2 METAL FIL'1 

L'13900N 0.60 40 26 1.80 4554 1 . 53 2112 3 . 40 10.6985MHz 2.50 SRAl . 5- SOOMHz 8.45 12/24 hr ., alarm. 1.1ohm-1M. , .• • . . • 0.05 

L'13909N 0.68 4028 0.72 4560 2.18 2513 7.54 1 0. 7015MHz 2.50 SRAl-1 . l-500MHz 9.25 day , date, HORIZ CARBJN PRESITS 
U139l4N 2.80 4029 1 . 00 4566 1 . 59 HM4716 4 . 50 10. 245MHz 2.50 SRAlH .5-500MHz 13 . 35 backlight . 10rnm 'IYPE 
11'!3915N. 2.80 4030 0.58 4568 2.18 81LS97 1 . 25 10. 7MHz 3.00 SRA3 , 025-200MHZ 10.25 All for .. .... 9.95 100ohrns-2M5 •• •• . • 0.12 
K84400 0.80 4035 1.20 4569 3.03 11. 52MHz 2. 50 HORIZ CERMET PRESETS 
KB4406 0 . 60 4040 0.83 4572 0.30 lOOMHz ' 3.00 lk , lOk •• , •.•• • •• 0 . 27 
KB4412 1.95 4042 0 . 85 4585 1.10 

Commercial MA terms on appl ication . 
Goods are offered subject to ava ilability , prices subject 
to change - so please phone and check if in doubt . 

WW- 080 FOR FURTHER DETAILS 
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PRIME COMPONENTS 
LOW PRICES EPROM$ 1+ 

2708 450 NS 395p 

2716 S1ngle 5V 

450 NS 595p 

2 532 Single 5V 

1+ 

50+ 100+ 2114 L45d NS 225p 

375p 350p 2114 L 30 NS 250p 

4116 150 ~s 375p 

550p 495p 41 16 200 ~S Ceramic 275p 

WIRELESS WORLD DECEMBER 1980 

ZOOp LIN EARS 1+ 50+ 100+ 

22!1p 19!1p ICL 7106 CPL 575p !125p 475p 

350p 325p LCD 106 3Y,-digi1 

245p 195p LCD Display 575p 525p 476p_ 

NE 555P lip 17p 18p 

All our. micro chips ere at micro prices. Don"t be fooled by low prices. We do not offer for 
.... surplus. aut>-spec or rebranded devices. All o ur pens are guaranteed new. first quality, 
factory prime, full apec: devices. It ia also our policy to offer you the beat of new devices thet 
become available and these are featured regularty. Pric•• are exclusive of p&p and VAT
ptea .. refer t o "Ordering Information .. before ordering. Official orders from Schoola, 
Colleo-, Univeraitiea and Gov. Authorities accepted. 450 NS 1995p 189!1p 1495p 

6514 ~TC ~514~11kx4 
CMOS A M 450NS &SOp 525p 495p 723 33p 30p 28p 

All prices exclude p&p and VA~ .. Please refer to 'Ordering Information ' b_ef~re ordering 

DON'T DELAY- BUY TODAY- SPECIAL OFFERS DON'T LAST FOR EVER I !II . 

4040 99p 
JIII!!'!I!-;;.-I.A.~.. 404 1 75p 

4042 73p 
21 14l300NS 
2114L450NS 22Sp 6502 795p 
4116 200NS 796p 4043 86p 

4044 88p 
4045 160p 
4047 99p 
4048 56p 
4049 38p 

~·s]",;~E.9! 5100! _OUND ~OMPUIE.I~ _ BQA.RD! 
' AllaSI, an S-100 Board thai unleashes the full p<>wer of wo unbelievable General Instruments AY-3-891 0 NMOS Computer sound ICs. 

275p 6504 
4116 150NS 375p 6505 795p 
4 31 5(4Kx1) CMOS 6800 695p 

450NS 995p 6802 995p 
6514 (1 Kx4) CMOS 8080A S25p 

RAM450NS 550p 1095p 

a..-..-..:-w~llll :g;? ~~ 
· ~~: ~";t.::;'i~~~~t~~~~E~~~;~~~~~~r~~can Tf1mte number of spec tal sound effects for games or any o1her program . Sounds 

B085A 
ZBO 795p 
ZBOA 995p 

4057 75p 
4053 73p 
4054 111p 
4055 121p 
4056 121p 
4059 560p 

4060 112p .. rm::m•••••• 4063 112p p 
4066 56p 

I 702A 450p 
2708 450 NS 49.Sp 
2716 5V 450 NS 595p 
2532 32K 450 NS 1995p 

7400 1 1p 
7401 12p 
7402 12p 
7~03 1 Jp• 
7404 1 7p 
74ng 18p 
7410 16p 
7417 18p 
; 513 28p 4067 - 422p 
74/0 15p 4068 19p 

Z8001 12500p 
' Z8002 9500p 

WD9000B 19900p 

I KIT FEATURES · · 
* Two Gl Sound computer ICs JAY3-8910) 
* Four parallel 1/ 0 p<>rts on ~oard 

: g~~~~%~·~~ii~:~~rr your STEREO 

* All sockets, parts and hard~~Jare are Included 
* PC Board is soldermasked. ~ilk screened with gold contacts * Easy, quick and fun to buiJd. with full instructions * Uses Programmed 1/0 for maximum system fle.xibility * Both BASIC and ASSEMBLY language programming e•amptes are included 

7-130 18p 
7432 25p 
7440 16p 

4069 19p 
40 70 2Bp 
4071 25p 
4072 25p 

AY-5- 1013A 
AY·3·1D15D 
IM6402 t

~~~~~~~- COMPLETE KIT - - - ONLY £59.98, includes 60 page data Manual 
BARE BOARD - - . ONLY £215-00. includes 60 page ,data Manual 

.AY-U910 chip special price with purehaS6 of BARE BOARD (2 chips) £'1-
: SOFTWARE 7442 68p 

7448 75p 
74 73 32p 
7474 32p 

4075 ZOp 
4076 8Bp 
4077 23p 

SCL is now available! Our Sound Command Language inakes writing Sound Effects programs a SNAP! SCL also includes routines for 
Register-Examine-Modify. Memory-E.amine-Modify and Play-Memory. SCL is available on CP/M compatible diskette or 2708/2716 
Diskette - £19-96, 2708 - £14-1&, 2716 - £24.91- Diskette includes the source. EPROMs are ORG at EOOOH. 

4078 29p 

!8!i ll~ ~IGamt1mmm• SE 01 ;!lects 
4086 68p AY -5-2376 795 

:g~~ · , :~: p Kit 
4094 225p 
4095 99p The SE-0 IS a complete k1t that 

74 75 40p 
74 16 40p 
7490 35p 
74g 2 SOp 
7493 SOp 
7496 45p 
74 121 35p 
74173 45p 
74 154 90p 
74157 S5p 40g6 325p conta1ns all 

4098 110p_ 1he parts to 
40g9 lBOp bu1ld a pro -· 

741 77 45p FDI77111-01 S/D lnortlll Ill• 

4501 25p grammable 
74175 SOp 
'74 1g5 lOOp 

Z995p 
FD1191 11-01 0/DII'Iortlllllu 

741 96 lOOp 4 507 112p sound effec1s 4995p 

:~g; :~~ g~ns~rga~~rdlj~:~Ml!lJil 
4508 288p around the 

74283 140p 
7429D 120p 
7~365 90p 

F01792 11-01 S/0 lnorttdBIII 

FD119J 11-01 
3495p 

DID Trw 1111 
74366 90p 4510 76p new Texas 54!15p 

4511 125p Instruments 
pll!l~~~~·4512 75p SN76477 

FDI794 11-01 SID Trte Ill• 

74 LSOO lBp 4514 250p Sound Chip, 
74Lso 1 l2p 4515 290p the board 

FD1795 8 
3495p 

0/DIIV1r11f 1111. 
UdeHitCI 5995p 

;:~~g~ ~~~ 4: 5;2~0~ 1~:: g;nok~ ideo~ 
74LS10 19p 99p MINI DIP 

FD1797 I DID Troe ln. 
aidiHiecl 59!15p 

74LS1 ; 30p 4 521 230p switches and 
74LS12 lOp 4 576 105p 6520 495p pots 1o pro: 
7'4LS14 60p 4 527 130p 6522 795p gram the 
74L S15 38p 4528 99p 6 532 895p vanous com-
74LS20 t9p 4579 140p 6551 1095p binations of 
74LS30 19p 453 1 150p 6810 375p the SLF 
74LS32 25p 4532 125p 6s2o 425p Oscillator . 
74LS40 26p 4538 150p 692 1 425p VCO. Noise , 
74LS47 56p 4543 l&Op 6850 425p One Shot . 
74LS4 7 7Bp :~~~ 2~~: 6852 425p and Envelope Controls A Quad Op Amp 
74LS48 85p 4569 240p 82 12 395p IC is used to implemen1 an Adjustable 

;m~j ~~~ 4
45

5
8
7

4
2 46p ~~ i ~ j~~: Pulse Generator. Level Comparator and 

74LS74 30p 79p 8 224 39Sp Multiple• Oscillator for even more ver-
7ALS7 5 J9p 4 585 125p 8228 395p satdity. The 3'1•" x 3" PC Board features a 
74LSB6 39p ... ..-__,r:-o_ .. 8751 495p prototype area 10 allow for user added 
74LS90 40p 8:?53 1125p circuitry. Easily programmed to duplicate ; !~; i ~; :~~ P""7•4 c~21110 ...... ::.3~0·p .. ~~; ~ 1 ~~~= Explosion, Phaser Guns, Steam Trains, 
I4L S125 sop 74C76 &Op 9759 1325p or almost an infin1te number of other 
74LS1 32 79p 74C85 145p MC1441 2Vl 797p sounds_ The unit has a multiple of appli-
74LS138 69p 74C97 125p ZBO PIO 595p cations . The low price includes a l l parts . 

; :~;i ;~ ~~= i:~;~ 7 !~~= ~~gn~o ::~: assembly manual . programming charts . 
( 4LSI55 65p 74C160 110p ZBOA CTC 695P and detailed 764 77 chip specification s It 
.74LS161 78p 74C161 145p zso DMA 1995p runs on a 9V I:Jattery (not included). On 
74LS163 90p 74C162 145p Z80A DMA 2495p boa rd 1 OOMW amp will drive· a small mm: ,m ~ :~i~~ !~~= m~~~o~o H!~ ~~~=~rt~r~;~,. ~;e;~~ ':i:hc~~c~:d~~~~ 
74LS1 75 99p i~~:~~ g~: Z80A SIO 1 J495p results! (Speaker no.1 included .) 
"74LS195 87p 74C19'i 175p ZROSI02 2995p COMPLETEKITONLY£14-99 
;:~;;~~ g~= 74C903 45p ZROA 510 7 3495p P&P 67p +VAT 

74 LS 24 5 325p 

i!~mj :;g: ,...A .... ~ .. 3 ... 1~35.D .............. 
'75LS790 9Sp A~ - 3 8910 
74LS293 120p 709 
74LS 366 57p 723 

895p 
850p 

30p, 
Jlp 

74 LS373 1 70p 741 18p 
74 LS374 170p ICL7106 575p 
74LS375 140p ICL/107 695p 
74 LS317 lBBp 1Cl8038 295p 
74LS393 135p ICM721 6A 
J4LS4gQ 140p ICM72 168 
74LS670 260p ICM7555 

1875p 
1675p 

BOp 
LM301AN 30p 

...-=.,'"",,u.,u...o...::...o,L:9p'1 ~~ ~ i ~ 
JLlt•_' 19p LM3 74 
4006 75p LM 33 9 
4007 19p LM380 
4008 BOp LM 1496 
4009 35p LM 1871 
401 0 45p LM1 R77 
40 I 1 20P l M3900 

401 7 24p i ~ ~ ~i~ 
4013 JBp LM 13600 
~g:~ ~g~ Nl555 
401 6 35p NE556 
~01 7 &Op RC4136 
4018 76p 5N76477N 
4019 42p TBA810DAS 
4070 BBp TLCl.l 1 

SOp 
75p 
45p 
45p 
65p 
65p 

550p 
550p 

50p 
225p 
225p 
125p 

18p 
50p 
85p 

175p 
SSp 
55p 

130p 

90p 
MC148g 90p 
DM8 123 125p 
75150 12Sp 
75 154 12Sp 
75182 195p 
75372 250p 
75 324 325p 
75325 325p 
75361 350p 
75365 295p 
7545 1 50p 
75491 7 7Sp 
8T76 175p 
BT?B 115p 
8T95 115p 
8T9l 175p 

LED a 
TIL709 9p 
TIL711 13p 
Tll7 1 ? 15p 
mno 12p 
Til?-:!? 15p 
TIL274 . 18p 

DISPLAYS 
FND500 BOp 
FND510 BOp 
FN D567 125"p 

C 1 06 0 400V I 5A Sale 30p 

The amazmg AY -3 -891 0 tS a fantasttcally 
powerful sound and mustc generator. perfect 
for use wtth any 8·btt mtcro processor . Con tams 
3 tone channels . notse generator . 3 chclnnels of 
amplitude controls . 16 -btt envelope penod 
control. 2 parallel I ; 0 . 30 , A converters plus 
much more . A ll tn 40 ptn DIP Super easy to 
•nterface to the S- 1 00 or other Busses 
Only £8.50 + VAT , 1ncludtng FREE repron1 of 
BY TE .79 art1c let Also . add £2 .25 for 60-page 
dtna manual 

Perhaps the next famous composer wtll not 
dtrect a 150-ptece orchestra but. rather . a tno of 
mtcrocomputers con trolltng a bank of AY. 3-
8910s BYTE July 79 

I 

~ EX. CITI~G. ENTE~TAINING SOFTWARE FOR THE APPLE II and 
~ APPLE l r PLUS!! 

AS1EROIDS IN SPACE!!!! 
~~0d~~i~;~ ~~~':v~o~:it~~~\~~v,l:~~~~~!?c,~d~~~~:~e~s~b!';b~e.v~:!1~e~I~0~Sfta~~~gi~ ~5R~~v~~~~ ilnN~~ 
SMALL ASTEROIDS! The Apple gamd> paddles. allow you to rotate your spae<>ship . fire its laser gun. and give it 
thrust to propelrt through endles.s space . From t tme to time. too, you ' ll encounter an allen spaceship whose miss1on 
is to DESTROY YOU, so you "d bener destroy it first! High resolution graphics and sound effects add 10 the 
arcade·like excitement this program generates . 

RUNS ON ANY APPLE II WITH AT LEAST 32K AND ONE DISK DRIVE! 
ON DISKETTE ONLY . £14.95 
~ 6809 S-100 SINGLE-BOARD COMPUTER 

* Meets IEEE S-1 0 0 Standard! * Uses Motorola's Powerful MC6809 CPU! 
* 4K. 8K. 1 6 K ROM! * 2K RAM! * ACIA. PIA, 8080 Simulated 1/ 0! 

* RS- 232 Handshake! 
* Selectable BAUD Rates! * Manual includes: 11'" X 7" Schematic, 

Parts List. Us e r Notes . S o ftware 
listings and MORE! 

All this, yet for CJnly £49!!!!! (plus p&p £1) 

FROM INTERSIL ICL 7660 
Voltage Converter 

The lntersil ICL7'660 is a monolithic MAXCOMOS power supply circuit which offers unique performance 
adv_a_ntages over previ9usl_y available devices. The lCL 7660 perfor_ms _the complete supply vol1age conversion from 
~~~~-~Vt.o negat ive for an rnput range of + 1.5V to+ 1 O.OV. resultmg m complementary output voltages of -1 .5to 

FEATURES 
* Simple Conversion of + 5V Logic Supply 10 + 5V 

~p~~ . 
Simple Voltage Muhiplicalion (VOUT = (-lnVINI 

* 99 .9 % Typical Open Circuit Voltage Conversion 
Efficiency * 98% Typical Power Eff1ciency * Wide Operating Voltage Range 1. SV 10 1 O.OV * Easy to use - - Requires only 2 External Non·Critical 
Passive Components 

APPLICATIONS 
* On Board Negative Supply for up 10 64 Dynamic 

RAMs 
* Localized u - Processor (8080 type) Negative 

Supplies * lnexpens•ve Negative Supplies * Data Acquisition Systems 

ONLY£1.95 EACH 

Autoranging, Auto liJnit Display, 3Y2-digit LCD DMM for ONLY £39.95 in. 
VAT! i . ·. ..· . 
The nationally advert ised 6200: giving 200m A AC 1 DC current m easurement: AC voltage 
to 750V (DC to 1000V): lOO.,A resolut•on and 0 . 1 Ohms - 2 Megohm::j . Accuracy is £39 15 
0 .8% and it displpys mV . V and mA . You won "t find a cheaper OMM with these features • J 

AND baneries . 1es1 leads. spare fuse and one year guarantee are INCLUDED in the low inc_ VAT 
price of just 

MUSIC FOR YOUR EARS 
Bullofs Electronic Music Malter TM Kit has a lingle 28pln Microprocessor Chip wilth ROM thai hu boon_prQ9rnuned.lo play lhelint" 
6 to 10 noles ol tho 25 popular lunealistod below. Each luno CIA easily be lddrusod individually or ployad saquoati1lly 11 the pulh of 1 bwtton. 
The chime 11111Uincu ara actin lad olaay 111111 by 11por1ta switch closures. so wun und as 1 doorball. oaa door con play •••as while two otUrs 
will play diHarant chimes. The unit hu 15 walt audio Amp and will run on either 12VAC or 12VDC. Cualruc:\ipn i1 •ery simple. works 
with any 8 or 16 OHM sp11kor . or horn apeaker (ool included). Tunu can be remo\aly prognmmed using 1 single rotarylwilch (ool iocluded). il 
duirad. Complete kit £3.95. 240V Tron~lormer optionol . Tunes: Tor11dor: Williom Tell: Hollelujoh Chorua: Slor Spangled Binner: Yankll 
Doodle: Americs. America: Deutschland leid: Wedding March: Beethoven· a 5th and 9th: Hell"s Bells: La Vie ift Ron: Star Wars name: CIIAnnllne: 
Marseilloisa: 0 Sola Mio: Sanll lllcia: The hd: Blu Danube: Brahms lullaby: Wesl11insler ~ime : Simpla Chima : Demading Oclm Chime: 
Allguslioa: Jingla Balls: God Sava The Quuo: Colo111Bogia. · 

-1071 lOOp Tllll 4 

~g;~ ~~: ; ~g~i Ordering information: Unless otherwise stated. for 
~g~;, ~g: ~~~~~6 orders under £50 add 50p p&p. Add 15% VAT to 

7511 ()L704 B5p 
110p DL707 85p 
175p MV57164 rriifi1 rni[JriJ 

;~~~~ 1 !~: .,,Riic~c~o~1 !lilimlDIIiiiliilf total (no VAT on books). All devices are brand new, 
4 t, :•a 75P P 4 """" factory prime and full spec and subject to prior 
-'Ocs sop ~ ~:~:;: sales and availability. Prices subject to change 
; ~~ ::\1 1 ~~= 10pote without notice . Minimum telephone order using 
~~~ ::;: !ri!: t-Lo_w_P_R_o_FI-LE-so_c_K.;.E.;.T;.;;s,.s~v-T•e•x•A•s•s•A•L•e-1 ACCI EdSS is £1 Od. dlf orderindg bydpost wi_th ACCI ESIS, 
.,0 36 290P mc u e name, a ress an car no. wntten c ear y. 
~g~~ ~~~: 1 ~~~:: : ~: ~~- ~~:;~ ~=: ~:~~~:;: ~~~ Pleaseallow4/6weeksdeliveryonbooks . 
. 1()39 290p 1 fi ptrl 1 Op .""~ .' prn 22.p ..J('l prn 28p 

325p 225p 
375p 

ISOLATORS 

99p :c07 4 120p 
115p IL07.l 325p 
140p MCT6 90p 
175p Tll111 ' 75p 

~ .......,.[Jimulis 
Dept. WW14. 4 Meeti!lg Streei~ 
Appledore. Nr. Bideford. North 
Devon EX39 1 RY. Tel. Bideford 
(02372) 79507. Telex: 8953084 . 

WIRELESS' WORLD DECEMBER .1980 

*FROM A ... LOVERTHE WORLD come the countries, the cities, 
the holiday·c~ntres and hotels which offer you your next holiday. 

*THE HOLIDAY BROCHURES COME TO LIFE at this new and exciting 
exhibition, where you can find out first-hand about holiday 

and travel options world-wide. 

*SEE FOR YOURSELF-meet the people, enjoy their shows, 
hear about their attractions. Then discuss details with 

your travel agent-to plan the best holiday in the world. -

·The faraway countries have all come ta town 
so that you can see and talk to them . 

·.TRAVEL AND HOLIDAY EXHIBITION 

OLYMPIA 
Friday December 5 .12 noon to Bprn . 
Saturday December 6 . 10am to Bpm 
Sunday December 7 10am to 6pm 
Admission £2 (half price for children under 14) 
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• • • co r I I • r II. 
The Sinclair 1180. 

£7,95 Pricebreakdown 
ZXBO and manual: £69.52 
VAT: £10.43 

• Post and packing FREE 

Please note: rl)any kit makers quote VAT-exclusive prices. 

You've seen the reviews ... you've heard the excite
ment ... now make the kit! 

This is the ZXBO. 'Personal Computer World' gave 
it 5 stars for 'excellent value .' Benchmark tests 
say it's faster than all previous personal com-
puters. And the response from kit enthusiasts 
has been tremendous. 

To help you appreciate its value, the price is 
shown above with and without VAT. This is so 
you can compare the ZXBO with competitive 
kits that don't appear with inclusive prices. 

'Excellent value' indeed! 
For just£ 79.95 (including VAT and p&r;>) you 

get everything you need to build a personal 
computer at home ... PCB, with IC sockets for 
aiiiCs; case ; leads for direct connect ion to a 
cassette recorder and television (black and 
white or colour) ; evwything! 

Yet the ZXBO really is a complete, powerful, 
full -facility computer, matching or surpassing 
other personal computers at several times 
the price. 

The ZXBO is programmed in BASIC. and you 
can use it to do quite literally anything from 
playing chess to managing a business. 

The ZXBO is pleasantly straightforward to 
assemble. using a fine-tipped soldering iron . 
It immediately proves what a good job you 've 
done; connect it to your TV ... link it to an 
appropriate power source* .. and you're · 
ready to go. 

YourZX80 kit contains ... 
·• Printed circuit board. with IC sockets for 

aiiiCs 
e Complete components set, including all 

ICs-all manufactured by selected world
leading suppliers . 

e New rugged Sinclair keyboard . touch
sensitive, wipe-clean . 

e Ready-moulded case. 
e Leads and plugs for connection to 

domestic TV and cassette recorder. 
(Programs can be SAVEd and LOADed 
on to a portable cassette recorder.) 

e FREE course in BASIC programming and 
user manual. 

Optional extras 
e Mains adaptor of 600 mA at 9 V DC 

nominal unregulated (available 
separately -see coupon) . 

e Additional memory expansion boards 
allowing up to 16K bytes RAM . (Extra 
RAM chips also available-see coupon) . 

*Use a 600 mA at 9 V DC nominal unregu lated mains 
adaptor. Available from Sinclair if desired (see coupon) . 

The unique and 
valuable components of the 
Sinclair zxao. 

The Sinclair ZX80 is not just another 
personal computer. Quite apart from its 
exceptionally low price, the ZXBO has two 
uniquely advanced components: the Sinclair 
BASIC interpreter; and the Sinclair teach
yourself BASIC manual. 

The unique Sinclair BASIC interpreter offers 
remarkable programming advantages: 
e Unique 'one-touch' key word entry: the 

zxao eliminates a great deal of tiresome 
typing. Keywords (RUN, PRINT, LIST, etc.) 
have their own single-key entry. 

e Unique syntax check. Only lines with correct 
syntax are accepted into programs. A cursor 
identifies errors immediately This prevents 
entry of long and complicated programs with 
faults only discovered when you try to 
run them. · 

e Excellent string-handling c·apability-takes 
up to 26 string variables of any length . All 
strings can undergo all relational tests (e .g. 
comparison) . The ZX80 also has string input
to request a line of text when necessary. 
Strings do not need to be dimensioned. 

e Up to 26single dimension arrays. 
e FOR/NEXT loops nested up to 26. 
e Variable names of any length 
e BASIC language also handles full Boolean 

arithmetic. condit ional expressions. etc. 
e Exceptionally powerful edit facilities . allows 

modification of existing program li nes. 
e Randomise function . useful for games and 

secret codes, as well as more serious 
applications . · 

e Timer under program control . 
e PEEK and POKE enable entry of machine 

code instructions. USR causes jump to a 
user's machine language sub -routine . 

e High-resolution graphics with 22 standard 
graphic symbols: 

e All characters printab le in reverse un.der 
program control. 

e Lines of unlimited length 

Fewer chips, compact 
design, volume production
more power per pound! 

The ZX80 owes its remarkable low price to 
its remarkable design : the whole system is 
packed on to fewer, newer, more powerful 
and advanced LSI chips. A single SUPER ROM, 
for instance, contains the BASIC interpreter, 
the character set, operating system, and 
monitor. And the ZXBO's 1 K byte RAM is 
roughly equivalent to 4K bytes in a conven 
tional computer - typically storing 100 lines of 
BASIC. (Key words occupy only a single byte.) 

The display shows 32 characters by 241ines. 
And Benchmark tests show that the ZX80 

is faster than all other personal computers . 
No other personal computer offers this 

unique combination of high capability and 
low price. 

ZBOA microprocessor-new, 
faster version of the famous 
Z-80 microprocessor chip, 
widely recognised as the best 
ever made. 

UHF TV 

Sockets for TV, 
cassette recorder, 
power supply. 

WIRELESS WORLD DECEMBER 1980 

lete 

The Sinclair teach-yourself 
BASIC manual. 

If the specifications of the Sinclair ZX80 
mean little to you-don't wor'ry. They're all 
explained in the specially-written 128-page 
book free with every kit I The book makes 
learning easy, exciting and enjoyable, and 
represents a complete course in BASIC 
programming -from first principles to complex 
programs. (Available separately - purchase 
price refunded if you buy a ZX80 later.) 
A hardware manual is also included with 
every kit. 

The Sinclair zxao. Kit: £79.95. 
Assembled: £99.95. Complete! 

The ZXBO kit costs a mere£ 79.95. Can 't 
wait to have a ZX80 up and running? No 
problem! It 's also available, ready assembled 
and complete with mains adaptor, for 
only £99.95. 

Demand for the ZX80 is very high: use the 
coupon to order today for the earliest possible 
delivery. All orders will be despatched in strict 
rotation. We'll acknowledge each order by 
return, and tell you exactly when your ZX80 
will be delivered. If you choose not to wait, you 
can cancel your order immediately, and your 
money will be refunded at once. Again, of 
course, you may return your ZX80 as received 
within 14 days for a full refund . We want you to 
be satisfied beyond all doubt-and we have 
no doubt that you will be. 

sinclair 
Z)(EII 
Science of Cambridge Ltd 
6 Kings Parade. Cambridge, Cambs. , CB21SN . 
Tel : 0223311488. 
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zxao software
now availab-le! 

S4 LET P=~ c .J 1 
25 LET A C J I • ~ C T 1 
28 LET ACTl • P 

See advertisements in Personal 
'computer World, Electronics Today , 
International, and other journals. 30 LET K• J-1 

3C! IF K< l THEN GO T O 
New dedicated software-developed 

independently of Science of Cambridge
reflects the enormous interest in the ZX80 More 
software available soon-from leading consult
ancies and software houses. 

r---- ------• 1 ORDER To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs., CB21 SN. 1 
Remember: all prices shown include VAT, postage and packing No hidden extras. 

FORM Please send me : 

Quantity Item Item price Total 
£ £ 

Si nc lair ZX80 Personal Computer kit(s) . Pr ice includes 
ZX80 BASIC manual . excludes mains adapto r £79.95 

Ready -assembled Sinclair ZX80 Personal Computer(s) 
Price inc ludes ZX80 BASIC manual and mains 
adapto r. £99.95 

Main s Adap to r(s) (600 mA at 9 V DC nominal unregulated) 8 .95 

Memory Expansion Board(s) (each one .takes up to 
3K bytes) 12.00 

RAM Memory chips- standard 1K bytes capacity 16.00 

Sin clair ZX80 Manua l(s) (manual free with eve ry ZX80 kit 
or ready-made computer) . 5.00 

NB . Your Sinclair ZXBO may qualify as a business expense. TOTAL. £ 

I enclose a cheque/postal order payable to Science of Cambridge Ltd for£ _____ _ 
Please print 

Name: Mr/Mrs/Miss _________________ -=------
Address _ _ _ ___________________________ __ 

~---------------==~ WW - 075 FOR FURTHER DETAILS 
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rf:lft _,WI ~Br_eeJ?OSht F • FREEPOST ON ORDERS : e~~ESS ulrf,· / I JTmlng am • VAT INCLUSIVE PRICES • CASH 
I 819 1BR • ADD 30p P&P • CHEQUE 

ELECTRONICS 021· 233.2400 • 24 HR PHONE ANSWERING SERVICE 

ALL PR ICES IN PENCE EACH UNLESS OTHERWISE STATED 

C·M 0 S surFERlD · 

H[f- 4UlL 
l"l[f-1001 

HE F.t002 
. HEF400:.> 

Mf f4()07 
H[f.(}Otj 
HE.f-U)11 
HlF4012 
Hlf4f)l1 

HEF.WI4 
HF40 b 
HH-lOio 
Hlf.l()1; 
HEF.ul1~ 
H[FJ0\9 

HEFJ020 
H[F4021 
H[ F4022 
~LF402J 
HH40:l -1 
HE F 402:.~ 

Hl f 4027 
Hl f 402:J 
HUJ019 
HlfJOJO 
HE F-l.OJ1 
HEF40J :j 
HU4040 
HEF40-ll 
-l F-100:2 
HlF -10-:J 

22 .HU .W~ 
n HfF404o 
22 Hf f-1.()47 

1\9 H[f4049 
]2 H(f-'(};,Q 

IUO H£f40Sl 
n HEf4.0S2 
n H£F405J 
:Ji HEF4066 

1(1.:.> HEF4067 

IOU 
H EF4009 

IUO HEF4070 
100 H~F4071 
Jtl HEF4072 

112 HEF4073 
1( •7 H EF4075 

l ~J HEf4076 
22 HEF4077 
jlj H EF40/!:I 
22 HEF40!:ll 

HEFt.082 
S/ HEFt.OSS 
d9 

l\3 HEF409J 
)ij HEf d()9J 

2:~0 HE F4l'J4 

I Je 
101 HEF450S 
94 HEF4508 

~3 
100 

CAPACITORS 
Electrolytic Axiel Order Code 
-10%to•~Tol. C.p0115+_wF 

uF v 11 215 •o 13 
1.0 9 
1.6 9 
2.2 9 
3.3 9 
4.7 9 
8.8 10 

9 , 

JQj 

\33 Hlf45IO 
109 H[f-1.)1/ 

'.Jl H[f4:.dtJ 
HEf4jiV 

til HEF4S20 
90 HEF452l 
90 HEf4528 
62 HEF4j32 

47j HEF4S34 
22 HEF4539 

12 
22 
23 
23 
13 
13 

IJO 
22 

HEF45:18'.J 
H[F4724 
HEF40097 
HEF40098 
HEF40106 
HEF40160 
H EF40 192 

41~ 

"" o9 

"" 235 

"' ISO 
oJ8 
130 
122 

11 3 
92 
78 

13 
13 
23 
80 
80 
6J 

219 
100 

Voltage 
Regulators 
LM309DA ~ K) 119 
UA723CN 42 
UA7805CU 78 
UA7812CU 78 

78 
1 i 4 UA7912CU 97 
714 UA.7915CU 97 
230 UA 78 L05CS 38 
13:.1 UA78L12CS 38 

UA78L15CS 38 

Polyelter Redial Leech 
Otpped Type, C280/352 Style 
Moulded Type , 10.2mm Pttch 

uF 352 I 
001 

~;~ I 7 
0033 
0047 
.0068 
01 

"F , 
15 

.22 
33 

. 47 
68 

015 1.5 
012 2 .2 
033 

LINEAR 
CA3046 
CAJOBOE 77 
CA3130E 99 
CAJ140E 48 
CAJ189E 193 
LM301AN 34 
LM339N 78 
LM380N 104 
LM381AN 198 
LM3900N 75 
~C3403P 156 
NE531 13 1 
NE536T 259 
NE555N 28 
NE556N 66 
NE566N 171 
NE570N 485 
NE571N SOS 
RC4136 146 
TBA120S 88 
TDA1022 713 
TDA10348 239 
TL081cP 84 
TL084CN 
UA74 1CN 20 
UA741CT 47 

Zener 
Diodes 
400mW C4V7-CJ3 
8ZY88/8ZX79 
+Voltage 

OrderCoc:le 

C.p352 
Cllp380 

, , . 
17 
11 
JO 
35 

9 
10 

SEMICONDUCTORS 

IN4001 
IN4002 
IN4004 
IN4007 

INS402 
2N2369 
2N2646 
2N2926G 
1N3053 
2N30S4 
2N3055 
2N3702 
2N3704 
2N3705 
2N377J 
2N3819 
2N3820 
2N3904 
2N5o4 57 
2N5459 
40673 
8C107 
BC108 
BC108C 
8C109 
8C1099 
BC109C 
BC148 
8C158 

8C182L 

8C2 12 
BC2 12L 
8C2 14 

15 BC2 14 L 
21 BC547 
46 BC548 
13 8C549 
19 8C557 
55 BC558 
55 BCY70 

9 BCY71 
9 80131 

10 80132 
297 80139 

22 80140 
39 BFR90 

9 BFXBS 
39 8FYSO 
35 BJ.=Y51 
88 BRY39 
14 BSX20 
14 CL8960 
18 TIPJ1 
14 
19 
20 TIP42C 
10 T IP2955 
10 TIP3055 
17 

12 , 
12 
11 

12 , 
12 
13 , 
12 
15 

15 
15 
39 
39 
39 
39 

333 
29 
17 
17 
so 
21 

2850 
48 
54 
76 
76 
75 

60 
36 

Electrolytic Radial leads Order Code 
- 10% to +50% Tal C.p 034 t ~F 

uF 40 60 83 
47 
68 

10 

22 
3 .3 ' 
4 . 7 8 
6 .8 8 9 

9 
7 8 

7 6 

9 , 

15 
22 
33 
47 
68 

100 
ISO 
220 
330 

. 
13 

Jt g:~ I 7 

~ 36 1--------------1 

15 
21 
33 
47 
68 

8 : 
9 

1·1 I, 
470 23 32 47 
680 21 30 39 54 

1000 26 30 59 
1500 35 39 

D.I.L . Scx;kets 

8 Ptn lovv Pro fi le SocketT•n 
P.C.B. Component!; 14 Ptn Low Pro f tle Socket Ttn 14 OIL SK T 14 

2100 16 P.n Low Prof•le Socket T tn 16 OIL SKT 16 OaloPtn . Blue Ink. Slow Orv•nq 89 

RESISTORS Order Code Skeleton Presets, ~iniature Order Code 
Carbon film, fix~ 0.1W, EJ Valu!H, 100A· IM, L•n . Vert•cal Mounttng 

0.25W, E24 Vtluet lA0 · 10M, 5% Tel. 2 each Rn ROY, 0.1W, EJ Vslues, lOOA · IM, Lon. Hortzontel Mount Mtn . Preset H 

Skeleton Presets, Standard , • Value 1001100 IMult 10/V ~Ius) 
0.5W , E12 V1luet IR0-4~17. 10'% Tol. 3 18th Au AD'~ O.JW, E3 Veluu, 100R·4M7 , l tn . VertiCil Mou nt~t~g 11 Std. Pr e~et V 

O.JW, E3 Values. 100R-4M7, Ltn. Homon t al Mount 11 Std. Pre~t H 
Metll Fil.m, Fixed 
0 .5W. E24 Vtluet, SRI ·IM, 2% Tol B tach Au MRJO 

Potentiometer, Rotary 
D.5W. E3 V&lues, 1K -2M2 L•n 
0.15W, EJ V1lue-s. 4K7 -2M2 log 

39 Ro Pot L•n 2.5W. E12 Vtlu". 10A ·27K , 5% Tol 16 uch An PA52 
39 Ro Po t Log 

Flotentiometer, Slider • Value 

Met1l Glaze, Fixed 
0.5W, E24 VIIUII, IM ·33M, 5% Tot 16 IICh Res VA37 

D.SW, EJ Veluu, 2K2-47r'. Ltn 
0.1SW, EJ Values, 1 KO · 1 MO Log 

45 Sl Pot l •n 
45 SIPotlog 

+ V&lue 

MAINS TRANSFORMERS 
Sl!c ondat~eSmiiV be : o nnrctedtn Strt U Or 
parallel to g•ve w•d<>vollagt r ange 
Pr•manes0·220. 24 0V 

6VA Clamp Type Conuruct•on 

Approx 18"{, Regu letton F C 54, H36 , W35 

0·4 5V. 0-4 5V Sec ondar~es 
0.3 V, 0 ·6V 
().12V . 0·12V 
Q.15V. O· ISV 
0.20V , 0<20V 

20VA Clamp Type Con struCtiOn 360 tach 

Appr o .11 . 16, Requlat•on F C 70. H48. W46 

0.4 SV . 0-4.5V Seconda<~eJ 

0-GV . 0·6V 
Q.12V. 0 ·12V 
().15 V. 0·15V 
().17 SV. Q.l.t SV 
0-20V, 0- 20V 

VERO ELECTRONICS PRODUCTS 
2.5" w 5" . 1" p•tch Veroboard 
3.75" x 5" .1"P•tcn Veroboard 
2.5 .. • , .. . 1·· pttch Veroboerd 151 
J. 75" I( 5" . 1 •· p 1tch Plem Boerd 
5.82" x 2.9" .1"ptt ch V-0 DIP Board 
Spot Face Cutter 
P•n lnsert •on Tool for .040 t Ype P•n 
OS P1nt .040 I 1001 
SS P1n1 .040 1100) 
Vtrow•re Ktt fl-pen , 2·w tre, 25<ombl 
V•row,,.. Combs 1251 
VerowtreWuel2l 

71 
79 
85 / Pac lt 
68 

135 

44 fPack 

44 /Pack ~"'" 
454! Ki t 

Order Code 

200·21069J 
200-210720 
200·21076C 
200·2 1078H 
200·21084E 
203·21013A 
203·2101SF 
200·21087G 
2Q0-21017B 
200·213410 
200-21339F 
200·21340G 

Pl81tic Boxes - Boss lndustnal Mou lding~ 
Mou lded Box 1nd Cloll Fttt ing Fltnged L td 
ABS Bo.11. . C /W B111t Bush", and Ltd In Orang~ 

Order Code 
l112WB2031 99 C~ueB I M20030R 

L150W800~ 131 ClleB IM20050A 
L 190 WI 10 060 223 Case 8 1M2006 OR 

Pltstic Boxn with M1t1l Lids 
Recened Top 8011 
ASS Bese, CIW Br1n Buthe\, In Oren~ 
lmm Alumiruum Top Panel F•n11hed Grty 

112 
L11 1 W71 042 150 
L 18 1 W96 053 208 

Oiecan Boxes 
DiKIIt eo" and Flanged l •d 
Aluminium Box end L td •n Na1ural F •nisn 

L113 W63 031 12~ 
L\51 Wll2 050 215 

334 

SWITCHES 
Min iature Toggle- H onevwe ll 

SPOT 
SPOT C!Off 
SPOT Double B1as To Cen tr l!! 

Miniature Pusn - C & K 
Pud) To Make , Mornenu rv 
PushT., Sreai< ,Momenter y 

Order Code 
Cate 81M4003 OR 
C111 8 1M4004 OH 
Ce1e BI M4005 OR 

OrrlerCode 

C1t1 8 1M5003 NA 
Cne 81M5005 NA 
Caut BIM5006 NA 

Order Code 

67 SW8A 1011 
81 SW8A1021 
90 SW SA 1041 
99 

GMT ELECTRONICS PROJECTS KIT BUILT UP 

FREE-STANDING COMPLETE TELETEXT UNIT- FULL SPEC £199-90 £275-00 

TELETEXT DECODER BOARD+ REMOTE HAND CONTROL £135 - 90 £160- 00 

TELETEXTCOMPATIBLETUNERANDP.S . U. £46-90 £57-00 

TELETEXT COMPATIBLE PAL ENCODER +MODULATOR £ 22-90 £ 35-00 

F. E. T. OUTPUT lOOW MONO POWER AMPLIFIER MODULE £ 27-50 £ 35-00 

X-BAND DOPPLER RADAR AlARM MODULE- MARK II £ 35-90 £ 44-00 

ONE AMP P. S.U. MODULE (SPECIFY 5 OR 12 VOLTS) £ 7-50 £ 10-00 

S.IMULATED INERTIA MODEL TRAIN CONTROLLER £ 22-50 £ 35-00 

SIMULATED INERTIA SLOT RAcE.R CONJ'ROLLER £ 27-50 £ 40-00 

MODEL TRAIN STEAM SOUND SIMULATOR MODULE £ N/ A £ 5-00 

WW -055 FOR FURTHER DETAILS 

WIRELESS WORLD DECEMBER 1980 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRUj30/25 

OUTPUT 1: 0-30v, 25A DC 
OUTPUT 2: 0-70v, 1 OA AC 

OUTPUT 3 : 0-250v, 4A AC 

ALL 
Continuously 

Variable 

WW- 065 FOR FURTHER DETAILS 

METER PROBLEMS? 

137 Standard Ranges in a variety of 
sizes and stylings available for 1 o~ 14 
days delivery . Other Ranges and 
special scales can be made to order . 

Full Information from: 

HARRIS ELECTRONICS (London) 
Phone: 01-837 7937 

138 GRAYS INN ROAD, W.C.1 Telex: 892301 

WW- 036 FOR FURTHER DETAILS 

WIRELESS WORLD DECEMBER 1980 

TYPE 643 FUNCTION GENERATOR 
\ 

0.01Hz to 999KHz 

SINE. SQUARE and TRIANGLE 

DIGITAL SETTING 

DC OFFSET 

PROGRAMMABLE 

SIMULTANEOUS OUTPUTS 

50 0 MAIN OUTPUT 

(1 OV. attenuable) 

& £3.00 carriage, ins. etc. 

------------------~-----------
TYPE 643A FUNCTION GENERATOR 

0.01Hz to 1.1MHz 

SINE . SQUARE anJ TRIANGLE 

DIAl SETTING 

DC OFFSET 

PROGRAMMABLE 

SIMULTANEOUS OUTPUTS 

& £3.00 carriage, ins. etc. 600 0 MAIN OUTPUT 

[lOV. attenuable) 

OM B ElECTRONICS. RIVERSIDE, EYNSFORD. KENT DA4 OAE 
Tel . Farnin!Jham 10322) 863567 
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I enclose cheque/ postal order for 40p Prices , which are CWO and ex- VAT, are ·correct at the time of going 
to press and are subject to change without notice . 

ww _;_ 052 FOR FURTHER DETAILS 

BUILD YOUR OWN PROFESSIONAL QUALITY 
DMM AS ALREADY USED BY HUNDREDS OF 
LABORATORIES, RESEARCH UNITS, 
UNIVERSITIES ETC. THE LASCAR RANGE OF 
MUL TIMETERS IS NOW ALSO AVAILABLE IN 
KIT FORM, CONTAINING ALL PARTS NEEDED 
TO CONSTRUCT THESE SUPERBLY STYLED 
MUL TIMETERS- EVEN BATIERIES AND 
TEST LEADS. BOTH TYPES FEATURE FIVE 
FUNCTIONS (AC AND DC VOLTS, AC AND 
DC CURRENT RESISTANCE) WITH ABILITY 
TO CHECK DIODES. 0.5 " LCD DISPLAY 
WITH 'BATIERY LOW WARNING. AUTO-POLARITY, 
AUTO-ZERO. FULL PROTECTION AGAINST 
OVERLOADS AND TRANSIENTS, CAN WITHSTAND 
MAINS ON ANY RANGE: RUGGED ABS CASES AND A 
COMPREHENSIVE 1-YEAR WARRANTY. 

The LMM 200 has been featured as a project in the July 80 
Practical Electronics. It is a compact handheld multi meter with 
a 0.5% basic accuracy and 15 different ranges . It measures 
AC/OC voltage from 0.1 mV to 500V, AC/OC current from 0.1 J.LA 
to 2 Amps and resistance from 0.1 Hto2 MO. 200 hours battery life. 

The LMM 100 is suitable for field or bench use. It has a basic 
accuracy of 0.1% and 25 different ranges. It measures AC/DC 
voltage from 0. 1 m V to 1 K v, AC/ DC current from 0. 1 p.A to 2 Amps 
and resistance from 0 .1 H to 20M H . Battery life is over 2,000 hours. 
It also features a unique 'digital hold facility and adjustable carrying 
handle. -

We also offer a calibration service (£5 .00 + VAT = £5 .75) and a 
trouble-shooting and calibration service (£7.50 + VAT = £8 .62) 

~--FROM OMB ELECTRONICS __ .,. 
WW- 097 FOR FURTHER DETAILS 

Lascar Electronics ltd., Unit 1, Thomasin Road, Baslldon, 
Essex. Telept'!one No: Basildon (0268) 727383. 

To: Lascar Electronics, Unit 1, Thomas in Road, Basildon, Essex. 

Please send me Data 0 LMM 200 Kit £39.04 0 LMM 100 Kit £69.80 0 
Assembled LMM 200 £47.09 0 Assembled LMM 100 £91.13 0 

Name 

Address 

Tel No 

I 
I 
I 

1 enclose cheque/P 0 value -- - -- · - ·- - I 
Orders may be 'phoned quoting your Access;;, 8~;:;;/a·y~;rd No liiiiiiliiiiii .... , 

....... Off1cial orders accepted. .... ~ 

~------------WW- 059 FOR FURTHER DETAILS 
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CAMBRIDGE lnstrucf~~ 
LEARNING Courses 
Microcomputers are coming ride the 
wave! Learn to program. · 
Millions of jobs are threatened but r-_..__ _ ___ =:,:::~, 

millions will be created. Learn 

BASIC - the language of the small com

puter and the most easy-to-learn com

puter language in widespread use . Teach 

yourself with a course which takes you 

from complete ignorance step-by-step to 

real proficiency, with a unique style of 

graded hints. In 60 straightforward 

lessons you will learn the five essentials of 
programming: problem definition 

flowcharting, coding the pro~m· 
debugging, and clear documentation 

·· .. .. 

Computer. 
· . Programming 

'------ in Basic(CPBI 
. £9.QO 

B~OK 1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, 
vanable names, LET, errors; cod1ng Simple programs. BOOK 2 High and low level languages· 
flowcharting; funct1ons; ~E~ and documentation; INPUT, IF ... . THEN , GO TO; limitations of 
computers.' probler:n definitiOn. BOOK 3 Compilers and interpreters; loops, FOR .. .. NEXT, 
RESTORE, debugg1ng; arrays; bubble sortmg; TAB BOOK 4 Advanced BASIC· subroutines· 
stnn flies; complex programming; examples; glossary. · ' ' 

Al~o THE BAS~C HANDB90K (BHB) £11.50 An encyclopaedic 

gUide to the maJor BASIC dtalects. A must if you use other peoples' 
rams 

Written for the student or enthusiast, this 

course is packed with information 

diagrams, and questions designed to lead 

you step-by-step through number 

systems and Boolean algebra 

memories, counters, and simple 

arithmetic circuits; and finally to an 

understanding of the design and opera-

tion of calculators and computers 

Design of 
Digital 
Systems 
!DDSI£1250 

BOOK 1 Decimal Octal~ hexadecimal, and binary number systems and conversion between 
number systems; negat1ve numbers; complementary systems. BOOK 2 OR and AND func
t~ons,: multlple-mput gates; truth tables,· De. Morgan's Laws; canonical forms; logic conven
tions, Karnaugh .mappmg; three-state and _wired logic. BOOK 3 Half, full, serial, and parallel 
adcters; subtra.ct1on; processors and ALU's; multiplication and division . BOOK 4 flip flops· 
shift reg~sters; asynchronous, synchronous, rmg, Johnson, and exclusive-OR feedback 
countt;rs, ROMS and RAMS . BOOK 5 Structure of calculators; keyboard encoding· 
decodmg d1splay-data; reg1ster systems; control unit; PROM; address de-coding. BOOK 6 
CPU; memory organ1sat1on character re~resentation; program storage; address modes; in
put/output systems; program mterrupts; Interrupt priorities; programming assemblers· com-
puters; executive ting systems. ' ' 

DIGITAL COMPUTER LOGIC Et ELECTRONICS. (DCLI £7.00 
A course covering the material in italics above, but at a slower pace. 
(4 vols) 
GUARANTEE - No risk to you . If you are not completely satisfied your money 

will be refunded without question, on return of the books in good condition . 

-P~AsEsENo-M~:-------------------------
~~~ ~~~ •. ~)) Qu~antity 
AWG (£4.00) 
DDS (£12.50) 
DCL (£7.00) 
FOUR WAYS-TO PAY: 
11 A U .. K. cheque or a W.K. postal order I Not Eire cr overseas) 
21 A bank draft, in sterling on a London bank (available at any major bank) 
31 Please charge my Access/M:Ch 0 Barclay/TrustC!Visa 0 Am . Exp .O DinersO 

. 41 Or phone us w1ththese cred1t card details - 0480 67446 (ansaphonel 24 hour service. 

Card No . . ... ... . ... Signed . 
THESE PRICES COVER THE COST OF SURFACE MAIL WORLDWIDE. AIRMAIL: 
Eur, N)~f. Mid.E: -add y, to price of books: Jpn, Aus, N.Z. Pcfc add%: elsewhere 
add Yz 

Name . . . . .. . .... .. .. . . . .. . . . . . 

Address .. . . . . . , , . ... .. . .. . . . 

U.K. Delivery: up to21 days 

Cambridge Learning Limited . Unit 37. Rivermil l S1te . . 'FREEP.OST. St. 1ves. Huntingdon. 
Cambs. PE 1 7 4BR . England 
Reg . In Eng . No . 1328762 
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Inunediate deliverY of 
easy to fit Display Bezels 

Supplied complete with lens and all fixings. 
Compatible display mounting boards . 
also available. 

This /<~·: ·1 
unique design . / ""'-w.,., 
attractively r, · ' 
frames a :a Ji 
display ~1 ,, / 
and requires IJ .. / · 

only a single /1" ·,_. 
rectangular DISPLAY -< . -"" 
cut-out Mgg~~~c , .. 
for fixing . SPACER 

Vera bezels are 

manufactured in four sizes 

to accommodate 2, 4 or 6 
digits. A choice of three 

types of lens are offered 

Neutral, Red and clear to 

suit LEOS AND LCDs. LED 

AND LCD mounting boards 

are available in seven 

Further information on 
instant dispatch from : 

Vf 

tN 51R lJMtN J 
PANf l 

versions compatible with 

VERO Bezels. 

Stansted Rd., Boyatt Wood, 
Eastleigh, Hants. S05 4ZY 
Tel: (0703) 618525 
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T ELEVISION 
SOUND 

IS 
GOOD! 

Yes it's true - but you ' ll need to listen through a Minim 

Television Sound Tuner to be convinced. Music, wildlife, 

even the news suddenly comes to life when you can hear all 

the detail that you expect from High Fidelity equipment. 

Connect the Minim Television Sound Tuner to the amplifier 

' or music centre or listen directly on headphones so as not to 

disturb others . 

Further information will only cost you 1 2p - stamp out 

poor televison sound! 

Name 

Address 

Minim Audio Limited, L_ent Rise Road, Burnham 
Slough SL 1 7NY. Tel: Burnham 63724 

MIN I M AUD IO 
make a note of our name! 

WW1 2 

WIRELESS WORLD 

S-2020TA STEREO 
TUNER I AMPLIFIER 
KIT 
I NEW HIGH PERFORMANCE TUNER I 
A high-quality push-button 
FM Varicap Stereo Tuner with pilot 
canceldecodercon1blned 
with a 24W r.n1.s. per channel Stereo 
An1plifier, using Bifet op. an1ps. 
Brief Spec:. Amplifier Low field Toroidal transformer, Mag . input. Tape In I Out faci lity (for noise reduction unit, etc .) TH D less than 0-1% at 20W into 8 ohms . High Slew Rate. Low noise op . amps 
used throughout. Power on/off FET trans1et~t protectiOn . All sockets. fuses, etc ., are PC mounted for ease of assembly . Tuner section uses UM 11 81 FET module requiring no RF alignment. ceramic 
IF, INTERSTATION MUTE, and phase-locked IC pilot cancel, stereo decoder, LED tuning and stereo indicators . Tuning range B8·1 08MHz 30dB mono SIN@ 0. 7 ~ V. THD 0 3% . 

NELSON-JONES 
Mk. 2 STEREO FM 
TUNER KIT 
A . very high performance tuner with dual 
.gate MOSFET RF and Mixer ready built 
front end, triple gang varicap tuning, 
linear phase I.F- and 3 state MPX de
coder. 

P.RICE: £74.95 +VAT 

·NRDC-AMBISONIC 
UHJ 

SURROUND SOUND 
DECODER 

• 

The first ever kit specially produced by Integ rex for this British NR DC backed surround sound system which is the result of 7 years· research by the Ambisonic team W. W. July, Aug .. · 7 7 

i~: ~~~~~:rei~iTi~:~:~h~~~~~~~to~~~~~o~~~~~ur~~~:una::~t=~eo:~:t~~~~:gdr~~~o;~~a~c~::~t(~e~~~~q~~sin~~~i~g o~h~ ~ne~tB~~~~~s a
1n~ i~po~t ~~~~~i~tn:'Y' ' dls are provided in this most versatile unit 

Complete with mains power supply, wooden cabinet , panel, knobs, etc. . 
· Complete kit . including licence fee £5?.70 +VAT or ready built and tested £76.95 +VAT 

S5050A STEREO AMP Very high 
performance kit 

50 watts rms-channel. 0 .015% THO . SIN 90 dB, Mags/n 80 dB. Output device 
rating 360w per channel 
Tone cancel switch . 2 1ape monitor switches . Metal case - comprehensive 
heatsinks 

Complete kit only £69.95 +VAT 
lso available our 20w/ch BIFET S2 

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

·The original "Wireless World" published Intruder 1 has been re-designed by Integ rex to incorporate several new features, along with improved 
performance . The k1t 1s even eas1er to build . The mternal aud1ble 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 ranqe up to 4 5 feet. Internal mains rated voltage free contacts for external bells 

etc. 
Complete kit £52.50 plus VAT. or ready built and tested · £68.50 plus VAT. 

Wireless World Dolby noise reducer 
irademark of Dolby Laboratories Inc . 

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

Also available ready built and tested 

Calibration tapes are available for open-reel use and for cassette (specify which) 

fillifl!~lm-
4\l'liM~ 
m._,,.,.,..,.. fi 

Single channel plug-in Dolby e PROCESSOR BOARDS (92 x 87mm) with gold pla ted contacts and all components 

T•1 pical perfonnance 
1~ oise reduction better than 9dB weighted . 
Clipping level 16 . 5dB above Dolby level (measured at 1% third 
harmonic content) 

Harmon 1c distortion 0 .1% at Dolby level typically 0.05% over 
most of band, rising to a maximum of 0 .12% 

Signal-to-noise ratio: 7 5dB (20Hz to 20kHz. signal at Dolby level) · 
at Monitor output 

Dynamic range > 90dB 

30mV sensitivity 

I Price £67.60 +VAT 

Price £2 .75 +VAT 

· · · Price £10.50 + VAT 
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WATCH OUR 

1£U.!!!!!~ 
Tele_viSIOn d professionals\ fnding. 

enthus1ast~:~f servicing· dtau :l~pments. 
aspec . and new ev 

construction . nth's issue 
In thiS mo MON\lOR 

sMALl. scREE~ n high qualiw 
A new co'!'P~ct~~~~fnexpensive and 

monitor whiC:a:Y to build. 

lALKl~~0!'!volved 
A look at the tee . n in chipperv ·:. 

ith the latest ~~~ng nd synthesiS 
w h recognition a TV 
speec from your own . S 

S£ftlJIC\M~n~!~~ set 
How to ~~thaa~es~veral years' use. 

that 1 r features. 
Plus all our regu a 
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New KONTAKT Sprays 
for the Electronics & 
Electrical Industries 

KALTRON 601 
A new cleaner for Magnetic Recording Units . Kaltron 601 
has an extremely low surface tension thereby enabling the 
cleaning of magnetic sound heads leaving no deposit or 
other traces . 
It is chemically pure (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 

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

Special Products Distributors Ltd. 
81 Piccadilly, London, W1V OHL 

Tel: 01-629 9556 :Cables: Speciprod, London, W .1 
Telex: 265200 (answerback RACEN) 
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~81TTHE PROBLEM SO~VER 
. il 

The _'System One' series of micro computers is probably the most flexible series of micro computers available today 
'Flex1b11ity of hardware coupled with a wide range of software, allows the user to choose the most cost effective hardw~re /software configuration to solve his 1 her problem. 

HARDWARE CONFIGURATION 
Internal storage from 32 to 64K. 
1 or 2 single-sided 5%" or 8" floppy disks. 
1 or 2 double-sided 5%" or 8" floppy disks . 
Support for most popular makes of printers. 1 or 2 terminals . 

. $0FTWARE FROM. 
FORTRAN Compiler BASIC Compiler STRUBAL Compiler 
Text Editor Text Processor Assemblers 

LABEL BASIC 
PILOT 

Bas1c mterpreter both sequential and Random Access Versions . Plus full development and debugging software 
You el(en have a cho1ce of two Operating Systems. SSBDOS or FLEX. · 

Wb 1t~ all th1s to choose from you might begin to think you could not afford it- well a 32K storage system one with dual-single sided 51;4" floppy disks SSBDOS and a 
as1c mterperter would cost you £1,6 50. . ' 

If you require a terminal as We'll, the above system together with the ACT-1 keyboard and 9" video monitor would cost you £1,970. 
Call SEED at our Brownh1lls off1ce for further details of demonstration . 

~r~mm~ 
STRUMECH ENGINEERING ELECTRONIC DEVELOPMENTS LTD. 

Portland House, Coppice Side, Brownhills, Walsall · 
West Midlands. Telex 335243 SEL. Tel. No. 054-33 78151 
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me ers means 
And I! rs. (The proof is the Anders Electronics Catalogue). 

The Anders Catalogue is your 
guide to what is probably the 
most comprehensive and 
competitive range of panel 
mounting and portable meters 
available from any single source 
in the UK. 

Contents include digital, 
moving coiJ, moving iron and 
thermocouple meters; voltmeters, 
ammeters, motammeters, 
frequency meters (deflectional 
and resonant.reed), tachometers 
(including resonant reed), 
wattmeters, power factor meters, 
maximum demand meters and 
metal relays. Ancillary products 
include current transformers, 

. shunts, transducers and 
tachogenerators. 

This extensive range of 
instruments is backed by some 
30 years'· experience in, and 
understanding of, modern meter 
technology. Recent 
developments have resulted in 
the enlargement of our range of 
DPM's (including the advanced 
OEM·1 miniature display module) 
plus the introduction of new 
edgewise meter styles. 

All of which explains why 
Anders are so easily able to offer 
OEMs and other meter users the 
ser;vice they require. Our Sales 
Engineers are always available to 
advise on the suitability of an 
instrument for your application 
and will quote you competitive 
prices with significant quantity 

WW- 070 FOR FURTHER DETAIL.S 

discounts. Many products are 
available rapidly from our 
extensive stocks. Special items 

·receive the urgent attention of our 
prototype service. 

Meters, as we say, means 
Anders, and the proof is the -
Anders Electronics catalogue. 
Send for your personal copy right 
away. 

I 

! 
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For World-wide Telecommunications in the 1980's 
Clark Masts Ltd. are specialists in the design and 
manufacture of telescopic and sectional mast 
systems. With over 2 5 years' experience in sup
plying masts to meet exacting military and civil . 
specifications we have the expertise you can 
depend on. · 

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

SCAM Telescopic air
operated 1 2-metre mast kit 
shown in radio relay role for 
field or vehicle mounting 9-. 
12- 15- and 21-metre ver
sions available . 

Mobile air-operated 21 -
metre telescopic trailer 
mast. Horizontally stowed 
for transit, raised to verti'caf 
position for extension . 

/ 

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

Telephone Ryde(0983)63691, 

· -J 

Telex 86686 
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D1g1tel 
Video Noise Measurement System 

The Digital 04060 Noise Measurement System offers an accurate 
and economical method of measuring video signal to noise ratio on 
broadcast or industrial TV systems. 

e Measures signal to noise ratio down to 65dBs SNR 

e Field interval SN R measurements are possible with the 
04060 option 01 _ 

e SNR measurement is possible in the presence of sync pulses, some 
test signals or free running 

e Visual display on oscilloscope ensures measurement confidence 

e Full CCIR weighting filter set~ are available 

20 Trenches Road D/G/-T£L £L£CTRQN/CS Crowborough, Sussex 
Tel: Crowborough 5069 
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mlml------... 
L.E.D.s .125 and .2 1N4148 Diodes 

RED YELLOW or GREEN 
1 + .08 .11 1 + .02 

·100+ .069 .10 .100+ .016 
1000+ .058 .09 1000+ .013 

CARBON FILM 
RESISTORS 

~ 
T.l. LOW PROFILE 

I.C. SOCKETS 

-

Prices per 100. Larger and 
Mixed. Quantity prices avail
able. 

. 25W 
100 off one type 
500 off one type 

1000 off one type 
.5W 

.70p 

.64p 

.58p 

100 off one type .90p 
500 off one type .SOp 

1000 off one type • 72p 
1 + 100+ 500+ 

Spin .075p .068p .06p 
14pin .09 .082 .073 
16pin .1Q .096 .085 
18pin .125 .113 .10 
20pin .14 .126 .113 
22pin .15 .135 .12 
24pin .15 .135 .12 
28pin .16 .145 .125 
40pin .24 .215 .19 

Please add £1 .50 handling charge and 15% V.A.T . 
We also stock transistors, diodes, TTL, CMOS, capacitors, 
switches, connectors etc. Free catalogue available to trade 
customers only. Enquiries welcome. 

Harrison Bros. 
Electronic Distributors 

22 Milton Road, Westcliff-on-Sea 
Essex SSO 7JX England 

Tel. Southend-on-Sea (0702) 32338 

\VW- 056 FOR FURTHER DETAILS 

We took yes,terday's teleprin~er and replaced 
mechanics with microprocessor eledronics . 

We hove given you a keyboard like an 
electric typewriter, a noise level even less 
and higher operating speeds. 
The traditional paper tape has been replaced 
with an electronic memory which gives you an 
easy way of editing text, changing or inserting 
words or paragraphs so that accurate 
messages can be sent to line. 
We provide full operator training and _a 
nationwide technical support and serv1ce. 

e Microprocessor reliability. 

e Compatible with older teleprinters. 

e Standard paper and ink-ribbons. 

e Speeds up to 30 characters per second. 

e Nationwide sales and service. 

e For telex or private circuit use. 

e British made. 

WW- 093 FOR FURTHER DETAILS 
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I I 

! ' COUNTERS 
MARCONI TF.2411 7 Digit DC-50MHz Counter/Timer MARCONI TF.2416 7 Digit DC-50MHz Counter / Timer MARCONI TF.2415 6 Digit DC-20MHz Counter/Timer PHILIPS 6620 6 Digit DC-45MHz . . 
PHILIPS 6630A 8 Digit DC-160M Hz . . . . . . . . · .. . . . . . . I HEWLETT-PACKARD 5300A/5302A 6 Digit IOHz-50MHz . . .. . 

NEW EOUIPMENT FROM KEITHLEY'S . , 130 DIGiTAL MULTI METER 311, digits, 25 Ranges, 5 Functions 100uV: 1uA: 0.10hm sens IOOV DC: 751JV AC. 20Mohms £77.00. Optional Case £7.00. 169 BENCH MODEL DIGITAL MULTIMETER 3'12 digit 25 Ranges, 5 Functions. IOOuV: InA: O.!Ohm. IOOOV DC IOOOV AC 2 Amps 20 Mohms £99.00. Cash with Order unless accredited account. 
NEW BRITISH OSCILLOSCOPES FROM SCOPEX 4S6 Single Beam DC-6MHz lOmV sens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . £144.00 4DIOB Dual Trace DC-IOMHz JOmV-50V/cm X-Y operation, Z Modulation. Ace. ±3% .cfw 2 Probes. . . . . . . . . . . . . . . . . . . . . . . . . .. .. £210.00 4D25 Dual Trace DC-25MHz IOmV sens. . £360.00 

CARRIAGE & VAT EXTRA ON ALL ITEMS 
•ANALYSERS USED EQUIPMENT 
!TEKTRONIX IL5 50Hz-IMHz IOuV / cm-2V /em .. .. .... . ...... . .. . . . . . . . . .. £800.00 )TEKTRONIX ILIO lMHz-36MHz . . . . . . . . . . . . . . . . . . . . . . . . . . £950.00 !BRIDGES 
,CROPICO RS!!Ohm: 10 Ohms: 100 Ohms: I Kohm: 0.02 Ohm . . ..... . .... From £40,00 1DANBRIDGE 5 DecadeXIOO: X!Kolm: XIOKohm: XIOOKohms: XIMOhm +0.!% £50.00 JHEWLETT-PACKARD 4260A Universal Bridge . . . . . . . . . . . . ......... £450.00 !J . J. LLOYD J.70 7 decade XI: XIO: XIOO: X1Kohm: X10Kohm : X100Kohm: XIMOhm 

I
M:,.:RcoNI.27oi ·uni~~;~;l·I~_si~~ s .. r.ict~e 8o~~:&· i~·h·; 1% ·::: : ·.: ·. ·. ·. ·_::. WAYNE KJCRR B.601 R.F. Bndge 15KHz-5MHz 1% . . .. . .. ... ... . ..... . WAYNE KERR B.641 Autobalance 4 Digit 0.1% . . . .. . ... . ..... .. ..... . 'WAYNE KERR B.224 Universal Brtdge 200Hz-50KHz 0.1 %. Mains/Battery 

MARTIN ASSOCIATES · 34 Crown Street · · · - · 
Reading 
Berks. RG 1 2SE 
Tel. 

&~ 

"~,.'U~ SPE CH OUTPUT 
- for any computer or logic system 
- conver.t digital output to SPEECH 

... £50.00 
. . £200.00 
. £125.00 
. £300.00 

£400.00 

Modus Systems Ltd. is sole UK distributor for Telesensory Syste;,s speech products. and we can offer 24-word or 64-word fixed vocabulary speech boards at prices shown below. The boards are approximately 2.6" x 2 .. 9" x 0. 5" and 1 oz. in weight . A six-bit code is sent to t ,he board to select any given word . and analogue speech output is sent out. The result requires a filter and an amplifier, and these are provided by our; interface board which also contains power supply and 6-bit latch for easy interfacing. The resulting system is fully TTL compatible. Complete technical details are sent with each board . · ! 
Applications include any situation where an -operator must read a digital display at the same time as watching and performing another activity -speech output frees up his or her eyes. 

Vocabularies and prices:** UNLIMITED SPEECH COM lNG SOON 
S2A (£39.95 + 80p PP +VAT SPECIAL INTRO OFFER) 
24- Calculator type words : 0-9. +.-.X etc. -
S2B (£67 .5 + 80p PP +VAT) 64 words 
AsforS2Aplus "ten". "twenty", etc ., "pounds", " em", "ounces'. etc S2C (£67 .5 + 80p PP +VAT) 64 words . 
FULL ASC11 set- each ASC11 Code verbalised in sequence . 

lnterfaceBoard(Kit)(£14 .95 + BOpPP +VAT) 
S2A, B. C board plugs into on-board socket. This PCB contains latches, audio filter , PSU. audio amplifier, 1/0 plug and socket. 
THE EDUKIT (£34.95 + 80p PP +VAT) 
**Use it to evaluate our speech products . 
- as mentioned recently in new products section (WW) and revtew 1n 
Practical Electronics (April issue). With its excellent manual. this singleboard microcomputer is specially destgned to provide an introduction to " bits and bytes", machine-code programming and hardware control. NOT THE BASIS OF A PERSONAL COMPUTER, BUT A DOWN-TO-EARTH TRAINING AID . A hexadecimal key pad and hex display p lus 256 bytes of memory combined, with the RCA 1802 mpu to introduce the basics of hardware to anyone with or without a technical background, of any age . At present the unit is in wide use in schools. colleges . industrial training units of every kind, and sales extend world -wide. The 1802 is particularly suited to hardware control. 

.. MODUS SYSTEMS-LTD. --
29A EI!STCHEAP, LETCHWORTH SG6 3.DA 

PHONE (04626) 74468/76392 
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HEWLETT-PACKARD 5245L/5252A/5260A 7 Digit 10Hz-12.5GHz. 

METERS 
HEWLETT-PACKARD 3400A RMS Voltmeter IOHz-lOMHz lmV-300V. MARCONI TF.l020Afl Power Meter 0-50-JOOW 250MHz 
RADIO METER BKF6 Distortion Meter 20Hz-20KHz. 

OSCILWSCOPES 
TEKTRONIX 603 Storage Display Monitor DC-2MHz 

POWER SUPPLY UNITS 
KINGSHILL 18VS P.S.U. 0-18V 5A .. 
KINGSHILL 501 P.S.U. 0-50V lA ... 

SIGNAL SOURCES 
HEWLETT-PACKARD 8011A Pulse Generator 0.1Hz-20MHz 0 / P l6V 50 Ohms £400.00 HEWLETT-PACKARD 606B 50KHz-65MHz 0/P O.JuV-3V 50 Ohms. . . . .. £750.00 HEWLETT-PACKARD 8443A Tracking Generator IOOKHz-IIOMHz 7 Digit Display . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £1750.00 MARCONI 801Dt 8S IOMHz-485MHz Signal Generator . £350.00 MARCONI TF.-1099 Sweep Generator Variable to 24MHz 0/P 0.3-3V .. . . . . £175.00 PHILIPS PM.5168 Function Generator 0.0005 . ....... £100.00 
RECORDERS 
B & K 2305 Level Recorder c / w 50dB Pot. 

MISCELLANEOUS 
MONTFORD UCL/K25/ A iest Chamber -70°C to + 170°C ± 0.1 oc . . .... . . £1000.00' MONTFORD UP /K82/C/Mk.II Process Chamber with Thermal Shock -50°C to + 100°C . .. . ... ... . 
WAYNE KERR TM.60 Mk. I Testamatics 

1200.00 
... . .... . . £100.00 AVO TT.537 Transistor & Diode Testers 

MARCONI!SAUNDERS 6458 Signal Source 4-l2GHz. 
SANYO VCA 700 Security T.V. System. Camera Talk 

. . . . ... £60.00 
. .. . . .. . . . .. £200.00 
. . .. . .. . . ' ' . £250.00 

... ELECTRONIC POWER UNITs·· 
FOR XENON ARC AND MERCURY ARC LAMPS 

UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WA TIS, 
Lamp housings and lens systems manufactured as standard off the shelf models odo' · ~cjfic design. 

P.O. Box 936, London, W4 4NW Telephone: 01-994 7155, Telex: 28604 
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. FREQUENCY COUNTERS-OFF I Ani 
RECEIVERS 

250M Hz 
801 B 
£250 

Crystal 
oven 

3 parts 10" 

401A 
8018/M 
901M 
1001M 

50M Hz 6 Digit £130 
250M Hz 8 Digit £250 
52 0M Hz 8 Digit £325 
1-2GHz 8 Digit £550 

OFF/AIR 
RECEIVER 
TYPE 103 

PRICE £135 

20 models available including LED versions 

RCS ELECTRONICS 
WOLSEY ROAD 

ASHFORD, MIDDX. 
. Phone 53661 
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Gets 
you 
into 

China 
LIN 

Guaranteed Distribution 
Tradelink has a guaranteed 
circulation of 11,000 copies in 
China. It is published jointly by 
IPC Business Press (London), 
Girardet (Essen), and the China 
Council for the Promotion of 
International Trade, Peking. 
CCPIT is responsible for trans
lation and distribution. The 
magazine is printed by the 
Beijing Printing Industry 
Company. 

The Right Market 
. Each issue of Tradelink is a 
special issue - the 11.000 
copies go only to potential 
customers in the field covered. 

Reader Reply Cards 
Tradelink has a reader reply 
card service backed by the 
CCPIT. 

31 

Gets 
sales 
leads. 
out 

The Industrial Equipment 
issue of .Tradelink has already 
prompted more than 150 
enquiries from Chinese en~
users. Every company with a 
full page or half page entry in 
the magazine has received at 
least one enquiry, and some as 
many as 10. 

We do it for you 
To make it as easy as possible 
for you·. we write the copy, 
translate it, and then lay out 
your page. You simply approve 
the page or tell us how to do it 
better - we listen. 

ADVANCED TECHNOLOGY AND PRODUCTS FOR CHINA 

ORDER FORM 
r------- ------- -----------~-------

To: Tradelink 
IPC Industrial Press Limited, Quadrant Ho~se 
The Quadrant, Sutton, Surrey SM2 5AS 
Telephone: 01-661 3500 Telex: 892084 BISPRS G 
Please send me further information about Tradelink 

Name(pleaseprinl) . ... .. . . .. . 

Company . .... .. .. . 

Address 

Telephone .. . 

Telex . .. .. . .. . . 
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The_ ·ra-nge grows 
bigger ••• better ••• 

w 
N 

New Profile Amplifiers- TWo New Series 
Wt~t tWbtAttttk 
~~T,~,~~~ ---CHOOSE AN I.L.P MOSFET POWER AMP when it is advantageous to.have a faster slew rate ,lower distortio.n at 

Jllll"'"l'lt-~-··-·-~---····-,_·,-···--·~ htgherfrequenctes,enhancedthennalstabillty, the ability 
,.. - _ 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 computer-verified 'New Profile' extrusions. These ensure optimum operating efficiency from our new MOSFETS, and are easier to mount. Connection is via five pinson the underside. I.L.PMOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLD'IERS INTBIS EXCmNG NEWCATEGORYBUT ARE ONLY AFRACTIONOFPRICESCIIARGEDELSEWBERE. 

Output Distor- Signal/Noise 
Model I Power tion Typical Slew Rate Rise Time Ratio Price& 

RMS at 1KHz DIN AUDIO VAT 

MOS120 I 60W 0.005% 20V/I-'s Jj.s 100dB £25.88 
into 4-Bfl + £3.88 

MOS200 I 120W 0.005% 20V/I-'s Jj.s 100dB £33.46 
into 4-Bfl + £5.02 w; .. CBOOSI: AN J.L.P BIPOLAR POWER AMP :: :: : = whe<e~we,~dprice~efimtconrude<atWnw~e mamtammgopumum performance With ht-flquallly 

and wide choice of models. From domestic hi-fi to 
disco and P .A., for instrument amplification, there is 
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'DISTORTION CONTENT 
IS BELOW NOISE LEVEL 

8 0 001'to o7.,w;-------~~---------r--------~--~ 1W lOW 

OUTPUT POWER 
100W 200W 

Load impedance both models Input impedance both models lOOKn 4n-oo Input sensitivity both Frequency response both models models 500mV 15Hz-100KHz- 3dB 

0 .1"1, F•1KHz 
LOAD • Bfl ON ALL 
EXCEPT HY400 AT 4.0 gl ~, ~ > >- ,_ 

I I I an I.L.P Bipolarto fill the bill, and as with ournew Mosfets, we haveencapsulatedBipolarswithinourNew Profile extrusions with their computer-verified thermal efficiency and improved mounting shoulders. 1 "t' Connections are simple, via five pins on the underside and with our newest pre-amps and power supply 
0 .01% 

units, it becomes easier than ever to have a system layout housed the way you want it . 

Output Distor- Signal/Noise Model I Power tion Typical Slew Rate Rise Time Ratio Price& RMS at 1KHz DIN AUDIO VAT 

HYJD 115Winto 0 .015% 15V/f'S . S..s 100dB £6.34 I 4-Bfl 
+95p 

HY&O I 30Winto 0.015% 15V/f'S S..s 100dB £7.24 4-Bfl 
+ [1.09 

HY120 I 60Winto 0.01% 15V/f'S S..s 100d8 £15.20 4-Bfl 
+ £2.28 

HY200 1 120Winto 0.01% 15V/f'S S..s 100dB £18.44 4-Bfl 
+[2.77 

HY400 I 240Winto 0.01% 15V/f'S S..s 100dB £27.68 4il 
+ £4.15 
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Load impedance all models 4n -oo Input impedance all models lOOKn ° Input sensitivity all models 500m V Frequency response all models ~ 

15Hz-50KHz-3dB n 
THE NEW PROFILE EXTRUSIONS m 

• 

The introduction of standard heatsink extrusion for all ~ l.L.P power amplifiers achieves many advantages:- m Research shows they provide optimum thermal ::D dissipation and stability. Slotted shoulders allow easy ~ mounting; standardisation enables us to keep our prices ~ competitive. Surfaces are man black, anodised for o lower thermal conductivity. Extrusions vary in size according to module number. 

--
------~--r.=~~~~~~~ -co.·-~~-IJII-LI-· TA¥.: L.Jli"'~ :;.~... - ; 

BY& (mono) and BY&& (stereo) are new to I.L.P's range of advanced audio modules. Their improved characteristics and styling ensure their being compatible with all I.L.P power-amps both MOSFET and BIPOLAR, giving you chance to get the best possible reproduction from your equipment. HY6 and HY66 pre-amps are protected against short circuit and wrong polarity. Full assembly instructions are provided. Mounting boards are available as below. 

.I~'B. •·t'l . RAP~ o ' o ~".:- ILP POWER ~ 'Ill " . I • I ... UN ' AMPliFIER 0 tr .. ·LP• 1 .. ·1· ·.·.D· •·1· "·l ~ . ::: . '·~ ~~ •· "~I ~ I ·· ·W . . . -·~ hl ----~ . ~ 

Sizes - BY& - 45 x 20 x 40 mm. HY66 - 90 x 20 x 40 mm. Active Tone Control circuits provide ±12dB cut and boost. Inputs Seuitivity - Mag. PU. -3mV: Mic - selectable l-12mV:Allothers lOOmV. TapeO/P- lOOmV:MainO/P-500mV: Frequency response- D.C. to 100KHz- 3dB. 
HY6 mono £5.60 + 84p VAT Connectors included 
BY66 stereo £10.60 + £1.59 VAT Connectors included 
B& Mounting Board for one HY6 78p + 12p VAT 

SCHEMA TIC BLOCK DIAGRAM 
OF HY6,PRE·AMP. WITH 

. STEREO CONNECTION SHOWN 

e DISTORTION TYPICILL Y 
0.005% 

e S/N RITI0-90dB (Mag. 
P.U. -68 dB) 

e LATEST DESIGN BIGB 
QUALITY CONNECTORS 

CD 
m 
::D 

tO 
co 
0 

• 38 dB overload mar~ on 

~~~ ·~~~ 
B66 Mo~nting Board for one HY66 99p + 1 Sp VAT 

e ONLY POTS SWITCHES IND 
PLUGS/SOClETS NEED ADDING 

e NEEDS ONLY UNREGULATED 
POWER SUPPLY ± 15 to ±60v 

II lilliE IF U 18BilS IIIII 
LIZEtf tllllltt . Fl~llfiiiERS Of the eleven power supply units which comprise our current range, nine have toroidal transformers made in our own factory. Thus these l.L.P powersupplyunitsare space-saving, more efficient and their better overall design helps 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 power amps you choose. 

PSU30 ±l5Vat lOOmA to drive up to 12 x HY6 or6xHY66 £4.50+0.68p VAT • THE FOLLOWING WILL ALSO DRIVE I.L.P PRE-AMPS PSU36 for use with 1 or 2 HY30's £8.10 + £1.22 VAT • ALL THE FOLLOWING USE TOROIDAL TRANSFORMERS PSU50 for use with l or2 HY60's £9.75+£1.46 VAT PSU60forusewith 1 HY120 £9.75+£1.46VAT PSU65forusewith 1 MOS120 £9.75+£1.46VAT PSU70 for use with 1 or 2 HY120's £13.61 + £2.04 VAT PSU75 for use with 1 or 2 MOS120 £13.61 + £2.04 VAT PSU90 for use with 1 HY200 £13.61 + £2.04 VAT PSU95forusewith 1 MOS200 £14.75.+£2.21 VAT PSU180 for use with 1 HY400 or 2 HY200 £23.02 + £3.45 VAT PSU185 for use with I or 2 MOSZOO £24.20 + £3.63 VAT 

1971-1980 
TENYEARSOFPLANNED 
PROGRESS 
When, in 197l,lan L. Potts founded his now world-famous company, he saw the need for a different and more rational approach to exploiting to the full, the potential that lay in modular construction. New.thinking was badly needed. The result was a range of modules revolutionary in concept. The rightness of this new thinking is.shown by the size of the company today, its new factory, its vast exports, its acceptance by constn1ctors as the modules to build with. The range grows bigger and better. Exciting new lines (in no way conflicting with existing ones) are well past drawing board stage. This is why I.L.P are simply ahead and staying there. 

* Freepost facility BRITAIN1S FASTEST GROWING MODULE SUPPLIERS 
When ordering or writing about l.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 E R Send cheque or money order payable to l.L.P Electronics Ltd and crossed. Orpayby ACCESSorBARCLA YCARD. Cash payments must be in registered envelope; if C .O.D. payment is wanted, please actd£1.00toTOTAL value of order. 

. .... .... ... .. . ..... .......... .... .. ... ... ........ Total purchase pnce £ 

~~::P:E:R-::::.:.:E:U:;::-------------1 ~ I Please supply ... .. ..... .... .... .... ... .. ..... : ..... ...... ..... ....... ............. ... ..... ..... .. .... .... ..... ... .... ...... .................... ...... . . 

: I enclose Cheque 0 Postal Orders 0 International Money Order 0 
I Please debit my Access/Barclaycard Account No . ....... .... . . 

I , . . ELECTRONICS· LTD • . :1 ::::~~·,:::::: ~ :. : : : ::::: ::: : : : ~: ::::::;.:: : :· · ·· ·· : : :: :: :: :: : :· · :: ::::: :: : : :: : : : .: ·::::: : :: :: :::: : :: ::::: : :::: ~: :: : ::: . :::: :::: : : :::. ::. ::: :~ FREE POST 5 Graham Bell House. Roper Ciose, Canterbury, Kent CT2 7EP. I - . Telephone 102271 54778!Technical (02271 647231 Telex 965780 1 ···· ··· ········· 
Available also ffom MARSHAlLS. WATFORD ELECTRONICS and certain other selected rerailers . . I 
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fact: 
this condenser microP-hone 
sets a new standard of · 
technical excellence. 

SM81 puts it all together! 
• WIDE RANGE, 20Hz to 20kHz FLAT 

FREQUENCY RESPONSE. 
• PRECISE CARDIOID polar pattern, uniform 

with frequency and symmetrical about axis, 
to provide maximum rejection and 
minimum colouration of off-axis sounds. 

• EXCEPTIONALLY LOW (16 dBA) NOISE 
LEVEL. 

• 120 dB DYNAMIC RANGE. 
• ULTRA-LOW DISTORTION (right up to the 

clipping point I) over the entire audio 
spectrum for a wide range of load 
impedances. MAXIMUM SPL BEFORE 
CLIPPING: 135 dB; 145 dB with attenuator. 

• WIDE RANGE SiMPLEX POWERING 
includes DIN 45 596 voltages of 12 and 48 
Vdc . ' 

• EXTREMELY LOW RF SUSCEPTI81LITY. 
• SELECTABLE LOW FREQUENCY 

RESPONSE: Flat, 6 or 18 dB/octave roll off. 
• 10 dB CAPACITIVE ATTENUATOR 

accessible without disassembly and 
lockable. 

The Shure SM81 cardioid condenser is 
a new breed of microphone. It is a truly 
high-performance studio instrument 
exceptionally well-suited to the critical 
requirements of professional recording, 
broadcast, motion picture recording, 
and highest quality sound 
reinforcement-and, in addition , is 
highly reliable for field use. 

Shure engineers sought-and found 
-ingenious new solutions to common 

Outstanding Ruggedness 
Conventional condenser microphones have 
gained the reputation of being high quality, 
but often at the expense of mechanical and 
environmental ruggedness. This no longer 
need be the case. The SM81 transducer and 
electronics housing is of heavy-wall steel 
construction, and all internal components are 
rigidly supported. (Production line SM81's 
must be capable of withstanding at least six 
random drops from six feet onto a hardwood 
floor without significant performance 
degradation or structural damage.) It is 
reliable over a temperature range of -20° F 
to 165° Fat relative humidities of 0 to 95%1 

Send for a complete brochure on this 
remarkable new condenser microphone! 

problems which, up to now, have 
restricted the use of condenser 
microphones. Years of operational tests 
were conducted in an exceptionally 
broad range of studio applications and 
under a wide variety of field conditions. 

As the following specifications indicate, 
tlw new SM81 offers unprecedented 
performance capability-making it a 
new standard in high quality 
professional condenser microphones. 

SM81 Cardioid· Condenser Microphone ®D SHURE 
® 

Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU-Telephone: Maidstone (0622) 59881 

WW- 074 FOR FURTHER DETAILS 
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Save our public service broadcasting 
"Listen to the BBC while you can, because 

. it is getting quieter every day and it is 
going to get quieter a lot quicker than you 
think". These words from Allen Holden, 
the recently retired manager of Radio 
London, might be thought alarmist by 
people who have not been following the 
latest events in British broadcasting. They 
are in fact a fair comment on a process of 
attrition that has been affecting the BBC 
for almost a decade. During 1980 this 
·process has been accelerated by the 
Government's decision to cut down the 
Corporation's resources - forcing 
reductions in staff and projects and 
preventing the colour tv licence fee from · 
being raised to the £41 that was needed. 
(George Howard, the new chairman of the 
BBC's board of governers, has said he 
could get no satisfactory reason from the 
Government for this last refusal.) And the 
process has been officially confirmed by 
Ian Trethowan, the Corporation's 
director-general, in stating (what many 
people have noticed anyway) that the 
BBC's services are deteriorating 
absolutely. 

These restrictions may be intended as a · 
temporary measure but they will 
permanently impair public service 
broadcasting relative to commercial 
broadcasting in Britain. For example, on 
the engineering side the BBC has had to 
postpone the development of studio 
centres, local radio stations, teletext and 
v.h.f. sound transmitters. The damage 
done on the programme side is well 
known. But apart form these actions the 
present government has further increased 
the financial imbalance between public 
service and commercial broadcasting by 
handing over the fourth tv channel to the 
IBA (as we write the Broadcasting Bill is 
just about to be enacted). For years the 
BBC has been contending with the 
growing strength, professionalism and 
revenues of commercial broadcasting. 
This may well be the final b) ow. From the 

' position where it now finds itself the 
BBC can move in only two directions: it 
can either retire into a minority service, 

like public service broadcasting in the 
USA - a move which the commercial 
broadcasters would of course welcome 
- or it can compete for large audiences 
on the terms set by commercial 
broadcasting - a process which has 
already started - and so become 
virtually indistinguishable from that 
type of service. 

Which of these alternatives do we, the 
public, want? The answer must be a 
resounding Neither! British life will be 
impoverished without a good, strong
voiced public service broadcaster, 
independent of the state, creative and risk
taking, with the kind of standards and 
values which the BBC has maintained 
throughout its fifty-odd years' life. And if 
we want such a public service we must be 
prepared to pay for it, at the proper rate 
for the job. Let us not be misled by the 
polite euphemism "independent" used to 
disguise commercial broadcasting. It is 
not independent at all, but closely 
interdependent with trading activity, 
stimulating sales of food, drink and toilet- · 
rolls and drawing its revenues from the 
proceeds, which come out of our pockets. 
It does not even sell programmes directly 
to the public, in the manner of theatres or 
book publishers, but, with the money 
from advertisements, produces the · 
programmes it calculates will get the 
largest possible audiences for those 
advertisements and the quickest possible 
sales of the products. It is in the game for 
profit, and the service it provides is 
incidental, a means to that main purpose. 

To achieve this purpose the output of 
commercial broadcasting is designed to 
insulate people from reality, to keep them 
quiet, uncritical and accepting. It purveys 
a synthetic culture in which safe routines 
ensure predictable responses and the 
glossy package becomes a substitute for 
the real thing. If this is what is to become 
the predominant "British" broadcasting, 
then it will be for the BBC to change its 
name and become our Independent 
Broadcasting Corporation. 
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Programmable power supply 
Digital control via the IEEE-488 General Purpose Interface Bus 

The General Purpose Interface Bus, 
defined by IEEE Std 488 (1978) and IEC 
652-1, provides a facility whereby 
electronic instruments can 
communicate using a standard for the 
hardware circuits and recommended 
practice for the data and software 
protocol. This article describes an 
interface for a programmable power 
supply which can be used as a 
listener/talker via the GPIB. 

·The heart of the GPIB interface contains a 
96LS488 low-power Schottky l.s.i. device, 
see Fig. 1, which is dedicated to interpret
ing the bus commands and messages 
outlined in Fig. 2. The remaining logic 
decodes ASCII digits from the bus and 
stores the b.c.d. numbers which are 
converted to a binary format and then 
passed to a d-to-a converter as shown in 
Fig. 3. The d-to-a output is amplified and 
current-boosted to provide the appropriate 
power supply output. Additional features 
include thumbwheel-switched program.,. 
ming for manual operation, an overload 
detection circuit which 'signals the fault to 
the bus controller, and a remote reset facil-

. -Tx St RxSt 

Tx Rdy 

' DRB TAD 

Tor 
TE 

t 

by J. Summers, B.Sc., M.Sc., M.lnst. P. 

ity which allows the controller to s.et the 
power supply voltage to zero and clear any 
overload condition by a single command 
message. In this design the power supply 
operates in the listener/talker mode with 
single-byte addressing. During the Lis
tener Active State (LACS) the interface 
automatically receives data transmitted 
over the GPIB by a talker and, in particu
lar, recognizes and stores two ASCII
coded decimal digits. The message is ter
minated by an ASCII carriage return 
which, if the power supply manual con
trols are disabled by the controller, passes 
the received digits to the d-to-a co~verter. 

LAD 

L or 
LE 

DiS 

• rsv 

SR 

Message coding and decoding 

R/L 

r t l 

RL DC 

At switch on, the interface is in the/ 
offline initialized state, the data registers 
are cleared and the power supply is in the 
manual mode. If the GPIB controller sends 
a listen address which corresponds to the 
d.i.p.-switch programming, the 
"addressed" l.e.d. is illuminated. The "re
mote" l.e.d. is also switched on if the front 
panel "local" switch is not pushed and the 
controller is continuously sending the Re- . 
mote Enable (REN) message. 

If the remote I.e.d. is on, the power 

Fig. 1. 96LS488 functional block diagram. 
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Table 1. The programmable power 
supply responds to the following 
GPIB remote interface messages. 

MLA 

DAB 

DCL 

soc 
LLO 

GTL 

REN 

MTA 

SPE 

SPD 
IFC 
UNT 
UNL 

My Listen Address, set by d.i.l.
switch. On receipt goes into 
Addressed state. 
Data Byte. ASCII digits and Carriage 
Return (CR). 
Device Clear message, may be re
ceived at any time. Sets the remotely 
programmed voltage · to zero and 
clears the overload condition if ·ac- . 
tive. 
Selected Device Clear (only when 
Addressed). Function as DCL. 
Local Lockout, prevents the operator 
returning the supply to the local 
control state. 
Go to Local. The GPIB controller 
allows the supply to be programmed 
locally 'by the operator. 
Remote Enable. If this message is 
true, then receipt of MLA sets the 
supply in the remotely controlled 
state. 
My Talk address. Used by the 
controller to set the supply interface 
in the Talker mode to send a status 
byte(s). Used to transmit the 
overload condition. 
Serial Poll Enable. Used in conjunc- · 
tion with MT A. 
Serial Poll Disable. 

Unt.alk Reset t e . 
Interface Clear ~· h GPIB 

Unlisten interface log1c. ' 

The supply will send the following GPIB 
messages. 
SRQ Service Request, in · response to 

overload condition (rsv=request ser
vice). 

ROS Requested Service, transmitted as 
bit 1 (D1 07) of the status byte in res
ponse to the MTA and SPE mes
sages. ROS will be active if rsv was 
active. The remaining bits of the sta
tus byte have no .meaning and are 
transmitted passive false. 

PPRn Parallel Poll Response n, pro
grammed by the GPIB controller. 
The local message "individual sta
tus" (ist) is in this case hard-wired to 
the overload condition signal. An ac
tive Parallel Poll response in PPAS 
therefore indicates an overload con
dition if ist= 1, or no overload if 
ist=O. 

GPIB 

SH1 
AH1 
T6 
TEO 
L4 
LEO 
SR1 
RL1 
PP1 

DC1 
DTO 
co 

interface function subsets 
incorporated in the power supply. 
Source Handshake. 
Acceptor Handshake. 
Talker. 
No Extended Addressing . 
Listener. 
No Extended Addressing . 
Service Request. 
Complete Remote/Local. 
Parallel Poll with Remote Configura
tion. 
Device Clear. 
No Device Trigger Cap.ability. 
No Controller Capability. 

Dev1ce A 

Able to talk, 
l isten, 

and control 

( e.g. calculator) 
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(r- i:_./~>-------- Data bus 

Device B 
[,A,. ___ _ , _I___L__L_.L..,___IL...._l.__L _ ___J 

~- --·-· ..... --r- -~----.------.---.---, 

Able to talk 
and listen 

(e g. digital 
mult i meter ; 

..------.,v .. -... ...... . . ..... ......... . . ...... ........ . 
Device C ~ 

Only able 
to listen 

(e .g. signa·l 

generator) 

Dnta byte 
(--,,):---+-+---'-----transfer 

1-- f-- V' control 

General 

( - -.....1'1-----t.---lf--+---+-+-~------ interface 
t---....__._--rl-----"v management 

Dev1ce D '----.... - '-·-~_...J____J__1__L__J._~-L 
(e g. counter) t:====.:t~~+-t~,=-_-_+t--.-+--"11 __ } DIO 1 ...... 8 

Only able 
to talk 

.._ ____ ... 
Fig. 2. General Purpose 
Interface Bus structure. 
Message bytes are 
carried on the 0 tO signal 
lines asynchronously. 
The GPIB has been 
described more fully by 
P. R. Ellefsen in the June 
1980 issue of Wireless 
World. 

supply output voltage will be zero because 
the data register is empty. Pushing the 
local switch restores the unit to manual 
control. However, the controller may issue 
a Local Lockout (LLO) message which 
prevents the user from returning to 
manual control. This facility allows an 
automated program to remoteiy set a 
voltage and prev~nt interference by acci-

. dental button-pushing. The power supply 
may be unaddressed by the Unlisten 
(UNL) command or by the system com
mand Interface Clear (IFC), either of 
which will 'leave the unit in the remote 
state. If the controller sends the REN mes
sage false, the supply will revert to the 
manual mode. 

The programmed voltage can be altered 
by the controller re-addressing the supply 
and sending two digits followed by a car
riage return. Alternatively, the voltage 
may be set to zero by a Device Clear 
(DCL), or Selected Device Clear (SDC) 
command which is functional only on 
listener-addressed instruments. The 
"clear" messages also clear the overload 
latch. If the supply output is overloaded, 
the condition is detected and a latch is set 

DAV 

NRFD 

NDAC 

IFC 

ATN 

SRQ 

REN 

EO! 

which illuminates a warning light, forces 
the d-to-a output to OV, activates the "re- . 
quest service" (rsv) input to the bus in
terface, and passes the overload signal to 
the "individual status" (ist) input of the 
bus interface . Under manual control, the 
operator can try to clear the overload by 
pressing the overload reset switch. If t~e 
fault condition disappears, the supply wtll 
return the output to the previous pro
grammed voltage. If the fault condition 
persists, the overload latch will remain in 
the set state. The 96LS488 relays the rsv 
input to the controller via the Service Re
quest (SRQ) message. The SRQ line is a 
wire-OR of all the service request messages 
on the bus, and the controller should be 
programmed to conduct a seri~l poll _ of 
instruments on the bus to determme whtch 
have requested service. To perform a serial 
poll on the p~wer supply, the controller 
issues the talk 'address (which is in this case 
the same as the listen address) and the 
Serial Poll Enable (SPE) command . . Dur
ing a s~rial poll the 96LS488 in the po~er 
supply outputs the Requested Servtc_e 
(RQS) signal, which is bit 7 of the 8-btt 
data byte. In this -design the other seven 
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bits are unused and will be received as 
zeros. In a more complex instrument the 
seven- bits can be transmitted as useful 
information in a Status Byte (STB), the 
RQS message reflects the rsv input. In this 
case, RQS is transmitted as a one if an 
overload condition exists. The controller 
should take some action to remedy the 
problem, such as issuing the Clear 
command and resetting the output voltage. 
The ist message input to the parallel poll 
function allows the controller to determine 
the state of the overload latch at any time. 

Logic operation 
The 96LS488 is assumed to be a black box 
with only the named pins in Fig. 4 connec
ted to the circuit - the Acceptor 
Handshake RxSt (output) RxRDY (in
put), the Li~ner Addressed CLMl) Re
mote/Local (R/L), and Clear (CLR) out
puts, and the Source Handshake pin!! 
Status Strobe (StSt) and Ready (St RDY) . 
Inputs from the power supply are the Re
turn to Local (rtl) and Request Service 
(rsv) signals. Other necessary connections 
are the mode pins (MO to M3), used to 
maintain the bus interface in the listener/ 
talker (addressable) state, and the switcha-

. ble address inputs (Al to AS) which pro
vide 31 talk and listen addresses. A reset 
pin (MR) initializes the clock and the in
terface at power-on. The i.e. call...use a 
crystal oscillator on the Xtal and CP pins 
but, because there is no critical timing 
within the power supply, a relaxation oscil
lator running at about lOMHz is adequate . 

When the 96LS488 is in the Listener 
Active state, the LAi5' output is active low 
and drives the addressed l.e.d. The bus 
data uses negative logic so the 74LS240 
inverting buffer provides positive logic sig-

.... 

+V 
r - ..n +12V 

I[ 
-12V --o 

+5 0 +5 

~~ 
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~ 
/ 

BCD to ~ D/A MUX t--
1. 

Binary converter 

-
~ 
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nals within the supply. The message for
mat is <nn CR> where n is an ASCII digit 
and CR is ASCII carriage return. The 
strobe signal (RxST) is active high when 
valid data are present. Referring to Fig. 4, 
RxST is the clock input to two 4-bit 
74LS173 registers (positive clock) and one 
half of a 74LS73 JK flip-flop (negative 
clock). Initially the JK is reset so Q is low, 
which enables the clock to the units latch 
(Ei). Because Q is high, the clock enable 
of the tens latch is high and the clock is 
ineffective. If an ASCII digit is present it is 
detected by the three gates ..£2.nnected to 
the second clock enable (E2) of both 
latches. The code for an ASCII digit is 
Ollxxxx, where xxxx is the b:c.d. repre
sentation of the number. Therefore, the 
clock will only be effective when a digit is 
present. This ensures that only b.c.d. di
gits can be loaded into the registers. The 
74LS73 is clocked on the trailing edge of 
RxST, Q goes high which disables th~ 
units latch and enables the tens latch . If 
the second data byte received is an ASCII 
digit, it is clocked into the tens latch by the 
next positive edge ofRxST. Therefore, the 
two sequential ASCII digits are stored as 
b.c .d·. data in the two registers . RxST is 
inverted and fed back to the RxRDY input 
of the 96LS488, which causes the Acceptor 
Handshake function to cycle synchro
nously with the local clock. The power 
supply does not hold up the three-wire 
handshake because the 96LS488 is prob
ably the fas test interface adaptor connec
ted to the bus. The 'RxST signal is taken 
with the buffered bus data to an ASCII 
carriage return decoder comprising a 
74LS27 NOR gate and a 741.,5138 eight
way demultiplexer. Output 07 of the de
multiplexer goes active-low when an AS-
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Fig. 3. Programmable power supply 
· block diagram. 

. CII CR is present and RxST is active, 
·denoting valid data. The detection ofCR is 
terminated when RxST goes inactive. 

Carriage return has two functions, it sets 
the J input of the 74LS73 to zero so that 
the falling edge of RxST clocks the flip
flop to the reset state. Secondly, the posi
tive edge of 07 clocks the 74LS273 8-bit 
intermediate register. The two b.c.d. digit 
output of the octal register is used as the 
input to the b.c.d. -to-binary and binary
to-analogue circuits . The purpose of dual
rank registers is to prevent spurious varia
tions in the power supply output before a 
carriage return message delimiter has been 
received from the bus. 

The logic is expandable to more digits 
by replacing the JK flip-flop with a binary 
counter and ad<ijng further data registers . 
The flip-flop in this system ope~ates as a 
counter to identify the two ASCII digits. 
By using an n-bit counter with fully~de
coded states, 2n digits can be stored in an 
equivalent number of registers. A diagram 
of this system is shown in Fig. 5. Further 
possible enhancements include , the 
recognition of remote programming 
parameters such as V for volts -preceding 
the ASCII digits. Delimiting the data 
string at each end has the added benefit of 
increased data protection because the 
supply will only respond to a retnote mes
sage comprising <Vnn CR>. An alterna
tive delimiter such as A for amps can be 
used to load a different set of register if, for 
example, a current-limit control is in
cluded. 

The two b.c.d. digits in the 74LS273 are 
multiplexed with the b.c.d. data on the 
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[BCD detect] T 
thumbwheel switches by two 74LS157 4-
bit two-way multiplexers. The select in
put(s) to the multiplexer is the Remote/Lo
cal signal from the 96LS488. When 'RIL is 
low (Remote), data f.tom the 74LS273 are 
selected, and when R/L is high (Local), 
data from the front panel are selected. The 
d-to~a converter uses a binary-coded digi
tal mput. The two b.c.d. digits are 
converted to a binary equivalent by two 
74LS181 4-bit adders. This technique 
which can be expanded for more than tw~ 
digits, .al!ows for the binary weighting of 
each bit m the b.c.d. digits . The conver
sio~ ta~es place by adding the appropriate 
weightmg to each decimal line. Therefore 
the units digit contains the weightin~ 
values 2°, 21, 22, 23, 

AI 20 
BI 21 
Cl 22 
Dl 23 

and the tens digit contains weighting 
values 21, 22, 23 24 25 26 d 
shown below. 

' , , , summe as 

AIO 21 23 
BIO 22 . 24 
cto 23 2s 
DIO 24 26 

If mor~ digits are required, more adders 
~an be m~luded to sum the binary weight
mgs of higher order di8ks. 

The Master Reset (.MR) input to the 
96LS488 and data registers is active at 
power-up to initialize the bus interface and 
clear the d.!Illegisters. ~is gated with 
the Clear (CLR) bus message output from 
the 96LS488 so that the bus controller can 
re-initialize the power supply and clear the 
data registers at any time. The overload-

~ £1 

CP r ,, 
r 

CLR 

74LS173 

I 
CLR 

74LS173 

Do- D3 

From 
D/A 
outpu t 

detect signal from the analogue circuit is 
fed, via an RS latch, · to the bus interface as 
the request service (rsv) interrupt. The 
overload-detect latch also drives the 
overload l.e.d., and is cleared by the 
ope.rator, by a bus Clear message or by a 
Senal Poll, which causes the Source 
Handshake signal Status Strobe (STST) to 
pulse active high. 

·Ana logue circuits 
The d-to-a converter is referenced to + 5V 
by a simple resistive divider, which is ade
quate unless a highly stable and accurate 
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Fig. 5. Modified circuit for increasing the 
number of received digits. 
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Fig: 6 .. output amplifier and current trip. 
Thts ctrcwt can be modified to provide 
alternative outputs. 

output is required. The output is buffered 
and normalized to one quarter of the 
supply output voltage by a 741 op-amp as 
s~own in Fig. 6. The output buffer pro
VIdes a voltage-gain of four and a current 
c~pa~ity of two amps. A current-limiting 
c1rcmt .detects excessive current and sig
nals this overload condition to the logic 

Continued on page 57 
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Transhorizon 
microwaves 
Transhorizon propagation on frequencies 
above 30MHz is generally considered an 
unwanted, anomalous phenomenon by 
telecommunications and broadcast engi
neers, causing interference to carefully 
planned systems. But for the enthusiast 
such conditions are the very essence of his 
endeavours to work over ever. longer 
distances with low power, no matter how 
fleeting and unpredictable may be the 
contacts . The results of experiments car
ried out over several years by British 
Telecom (Post Office) are thus likely to be 
more welcome to amateurs than to profes
sionals, (papers by M. T. Hewitt and A. 

· R. Adams presented at URSI Commission 
F Symposium, Canada, May 1980). For 
they show that measurements made over 
1300 -hours on 11 GHz signals received at 
Martlesham, Suffolk from Rockonje, Ne
therlands, a mostly sea path of 19lkm, 
indicate some degree of signal enhance
ment due to ducting for no less than 10 per 
cent of the total time, with a daily maxi
mum occurrence around 1800GM T, 
apparently due to the presence over the 
path of air originating on the mainland 
during the warmest part of the day. Very 
long events (over 64 hours) have been 
recorded when an air flow around an 
anticyclonic system produces a drift of 
warm air from the mainland over the 
cooler sea air, producing ducts that can 

' extend over several . hundreds of kilo
metres. Good results have been achieved in 
identifying periods of advection from tem
perature and humidity data while subsi
dence inversions can be identified from 
radiosonde levels. British Telecom are also 
carrying out research into 17GHz trans
horizon propagation. 

Martlesham and Ipswich amateurs won 
the RSGB's 1980 VHF National Field Day 
with equipment that included a solid-state 
120W 70MHz transmitter (two BLY90 
transistors in final amplifier); 144 and 
432MHz equipment based on transmitters 
using 4CX250B valves; and a 1.3GHz 
transmitter producing 200W output from 
four 7289 valves. Their receiver front-end 
devices included SD306 (70MHz), BFT66 
(144MHz), NE21935 (432MHz), 
NE64535' (1.3GHz). 

EMC and domestic 
·equipment 
The problems of operating transmitters in 
close proximity to domestic electronic 
equipment (i .e. electromagnetic compati
bility or e.m.c.) continue to occupy the 
thoughts of those concerned with the regu
latory aspects of amateur radio. The IARU 
Region 1 Bureau has recently released a 
report covering replies to a questionnaire 
on e.m.c. matters sent to its member
societies. This shows that attitudes towards 

radio-frequency interference by different 
licensing authorities differ considerably, 
ranging from those that are sympathetic to 
the amateur and recognise that the prob
lem stems basically from the poor immu
nity of many domestic equipments, to 
those holding the amateur responsible for 
any interference not only to broadcast 
reception but even to non-broadcast 
equipment such as electronic organs, 
record-players, etc. The Sierra Leone 
society was in the happy position of being 
able to reply that "there has been no report 
on record of interference by amateur 
radio". 

In a number of countries (Poland, Cy
prus etc.) all cases of interference are re
ferred to the national society. Norway in
sists that equipment showing insufficient 
immunity is modified by the manufactur
ers or importers fitting any necessary filt
ers. In Denmark the offical attitude is gen
erally favourable to the amateur operator 
. but cases can involve delays during which 
he has to cease operation at those times 
when interference may be caused. The 
Swiss authorities are very helpful to the 
amateur but there is an unofficial recom
mendation that equipment should not be. 
expected to provide immunity at levels 
above IV/m (which does· not cover all cir
cumstances) and efforts are being made by 
the USKA society to raise the immunity 
level to 5 or IOV/m. Dutch amateurs com
plain that they cannot persuade their 
authorities to admit that "an electronic 
organ is not a radio receiver" and this 
makes it difficult for the VERON society 
to co-operate with the PTT licensing 
authority (Dutch amateurs seem to be par
ticularly badly placed). The Swedish 
manufacturers supply, free upon request, 
highpass filters and/or mains filters; radio 
dealers are authorised by the Swedish 
Electrical Testing Authority (SEMKO) to 
make minor modifications to equipment to 

, increase their immunity to radio-frequency 
interference. 

Licence delays 
The annual autumn bulge in applications 
for new amateur licences has been result
ing in delays of up to about 8 weeks. With 

. over 2500 "passes" at the May Radio Ama
teurs' Examination, and with all signs 
pointing to an unusually large number of 
candidates for the December exam, the 
Home Office licensing section is also hav
ing to cope with the public response to the 
invitation to comment on the "Open Chan
nel" proposals. This may be one reason 
why the Home Office is not showing any 
enthusiasm towards the proposals for the 
introduction of a British "novice" licence. 

· It is not widely know that while the 
Home Office accepts RAE "pass slips" 
from licence applicants, it issues an "Ama
teur Radio Certificate" to persons who 
have passed both the RAE and the Post . 
Office Morse Test but wh~ do not wish to 
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take out their own station licence: this 
certificate permits operation of amateur 
stations under the direct supervision of the 
licence holder. 

Around the b~nds 
Further experiments aimed at establishing 
144MHz "meteor scatter" contacts across 
the Atlantic during the summer came near 
to success, A group of British amateurs, 
using the callsign G4DGU/P, set up a tem
porary station in North Devon with a 400-
metre-long rhombic aerial erected on four 
8-metre poles. Positive identification of 
signals from this station were made by 
Andy McLellan, VElASJ in StJohn, New 
Brunswick, Canada, but no two-way 
contacts proved possible. It is hoped to 
hold further tests during the August 1981 
Perseids meteor shower. 

Stewart Perry, W 1 BB, long-time 
1.8MHz enthusiast, is proposing a "gen- . 
tleman's agreement" for 1.8MHz long
distance operation in which 1800 to 
1810kHz is reserved for c.w. only., 1810 to 
1825kHz for s.s.b./c.w. and 1825 to 
1830kHz ("the dx window") for c.w. only. 
Band-planning problems should be eased 
when the 1979 WARC allocations come 
into effect since these will include a com
mon international allocation whereas at 
present different countries impose dif
ferent band limits. 

The Radio Amateur Invalid and Blind 
Club has reminded its members that it is 
possible to take an oral or written Radio 
Amateur's Examination at home, provided 
that application, with a doctor's certificate, 
is made in good time to the City and Guilds 
of London Institute (Mrs S. Conacher). 

The Royal Signals Amateur · Radio 
Society now has more than a thousand · 
members, membership having risen to 
1084 of whom 575 are life members ... 
Attempts are being made to raise £40,000, 
half of the estimated cost of replacing the 
OSCAR "3A" satelitte lost last May. A 
further Ariane launch opportunity may 
occur in early 1982 ... A v.h.f. repeater 
operated by the Amateur Radio Associa
tion of Bahrain on 144MHz channel R6 
enables amateurs on vessels in the Arabian 
Gulf to work over distances of up to about 
300 miles. Since it is regularly used by only 
four local A9X amateurs, other amateurs 
sailing in the Gulf are welcome to make use 
of this repeater which has an output of 20 
watts from an aerial height of 220 feet 
above sea level . . . The death has been 
reported of Patrick Conway, E 13Z a 
veteran Irish amateur and long-time reader 
of the IRTS's Sunday morning 3.5MHz 
news bulletins .... West Germany has 
introduced a new form of transitional 
licence (prefix DH) providing limited 
facilities for c. w. and rtty operation be
tween 3520 to 3600kHz and 21090 to 
21,150kHz. 

PAT HAWKER, G3VA 
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lntermodulation at the 
amplifier-loudspeaker interface 

Part 2: Causes/how to avoid it/measurements on four types of 
amplifier circuit 

by Matti Otala and .Jorma Lammasneimi Technical Research Centre of Finland 

The effect described is but one of the 
numerous phenomena affecting the 
quality of low-frequency sound 
reproduction. It does not seem probable 
that its distortion could be dramatically· 
higher than the measured SMPTE -
intermodulation distortion of the 
amplifier, unless protection circuitry 
malfunctions. However, the theory 
presented may explain some of the subtle 
differences in the sound quality between 
different . circuit topologies · having 
otherwise equal standard measurement 
data. Noting that most valve amplifiers 
have basically a high open-loop output 
impedance and employ moderate 
amounts of feedback (the situation is the 
inverse for many solid state amplifiers), 
the theory may also . explain · some of the 
audible differences of these amplifiers. 

The analysis of part 1 shows that the loud
speaker reflects back to the amplifier sig
nal which may be of the ·same order of 
magnitude as the original drive signaL The 
situation is worse when the open-loop out
put impedance of the amplifier is compara
ble to, or greater than, the specified load 
impedance. 
. Inside the feedback loop, the amplifier, 

must now handle two simultaneous large 
signals - the original drive signal and the 
loudspeaker reaction signal. If the ainpli
fier has any internal non-linearities, these 
two signals may interfere and produce in
termodulation components with each 
other. As the input signal is normally com
posed of a full frequency spectrum, but the 
loudspeaker-generated ·reaction consists 
predominantly of frequency components 
near the cone resonances . and crossover 
filter resonances, the nature of this distor
tion is to add coloration to the sound. In 
additiol}, the positive maxima shown may 
cause . unwanted clipping near amplifier 
maximum output power. . . . . 

The basic reasons for the distortion are 
that (a) the loudspeaker does not simply 
consume energy; it also .stores and returns . 
it. (b), Although the closed-loop output 
impedance of . the amplifier is apparently 
very low, it is not a true physical im
pedance as it has been generated by feed
back. The feedback, in turn, forces the 
loudspeaker reactive current . to cause a 
corrective signal which . circulates around 

the feedback loop. (c) In the internal non
linearities of the amplifier this signal will 
intermodulate with the forward signal to 
produce a change in the spectral composi
tion of the distortion products. 

The two basic characteristics affecting 
the magnitude of this distortion are the 
open-loop output impedance and the 
amount of feedback. The . dependence is 
fundamental, i.e. if one or both of th,ese 
characteristics is brought to zero, interface 
intermodulation will not occur. The effect 
increases with feedback if the feedback is 
small or moderate say, below 20 dB. 
Above that, increasing feedback will no 
longer increase distortion. Also, it is gener
ated in the internal non-linearity of the 
amplifier. As it is basically a low-frequency 
effect, the stage where the non-linearity is 
situated in the forward path is immaterial. 

The above analysis requires sufficient 
linearity from the amplifier for the 
transforms to be valid. In high-quality au
dio amplifiers this condition is usually met 
in the normal operating range of the unit. 
However, a large reaction signal can cause 
the amplifier to enter a region of severe 
non-linearity when operated in the vicinity 
of its maximum output power. The need of · 
a non-linear analysis is in<;licated in this 
case. . . 

We propose the following generaldefini-
tion 

Interface intermodulation is a form of 
distortion in a feedback two-port network, 
caused by. non-linear interaction between 

Spectrum 
· analyser 

the input siinal ofthe two-port and a signal 
externally injected to the output port propa
gating into the input via the feedback net
work. 
This general definition is specifically 

used in sound reproduction equipment to 
denote the distortion caused by the energy 
stored or generated in the loudspeaker 
system re-entering the output of the power 
amplifier. 

Measurement 
It is possible to measure interface intermo
dulation by using normal distortion mea
surement methods. In this case the stan
dard output loading resistor is replaced. 
with a simulated reactive load or with a 
real loudspeaker. In many cases the mea
sured distortion is increased and the spec
tral composition of the distortion products 
changes. However, in the real-world situa
tion, a set of standardized loudspeaker 
loads would be needed and, because of the 
frequency dependencies of these loads, it 
would be necessary to resort to swept 
CCIF-type difference tone measurements. 
This tedious procedure can be replaced by 
a simpler universal method described be
low. The loudspeaker reaction can be 
simulated by letting the amplifier operate 
.on a forward signal, while injecting a back
ward signal to its OJ.ltput. If interface in
termodulation is generated, it will manifest 
itself through intermodulation products 
between the two signals appearing at the 

~ ~o--<>--+-<: 
1032~, 

In 
0 
63Hz 

Ampl ifier 
under test 

Power 
amplifier 

Fig. 8. Measurement setup for interface interm~dulation . Amplifier under t~st A 1 is fed by 
audio frequency signal while high-quality high-power auxiliary amplifier A2 delivers a 
low-frequency signal. By alternately closing switches 5 1 and 52 both signals are adjusted 
to have same power level in load resistance R1• After closing both switches, 
intermodulation products are measured with a spectrum analyzer and referenced to the 
audio frequency signal. Numerical values shown are for the tests detailed in text. 
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Fig. 9. Typical measurement result from 
high-quality commercial power amplifier 
using the method described in text. Note 
how the 63 Hz signal has been attenuated 
24 dB by the feedback. Interface 
intermodulation in this case was 0.038%. 

,-----1!~---p---u+15V 

Fig. 11. Compound-stage circuit (A). 
Quiescent current 100 mA, open-loop 
output impedance 0.9 ohm. 

·output. The measuring procedure is thus a 
·variant of the two-tone difference-fre
quency method. In real life there is a de
pendence between the forward and back
ward signals. In this method, these signals 
are independent, to facilitate mea
surement. However, as far as the genera
tion of intermodulation in the amplifier is 
concerned, this does not change the physi
cal phenomenon considered. 

A proposal for a measurement method is 
depicted in Fig. 8. The procedure is 
1. Switch S1 is closed and S2 opened. An 
· audio-frequency sinusoidal signal is con

nected to the input of the amplifier un
der test A1 and is adjusted to yield a 
desired output level to a specified load 
resistance R I · 

2. Amplifier At output is disconnected 
from the load R1 by opening switch Stl. 
A low-frequency sinusoidal power 
source Az is connected to the load by 
closing switch S2 and is adjusted to yield 
the same output level across load R than 
in step 1. Note: power source A2 has to 
have sufficient internal resistance R2 so 
as not appreciably change the apparent 
load of At when switch S1 is closed. This 
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10k 

Fig. 10. Circuit used in the distortion measurements. Operational amplifiers HA2505 form 
the driver stages, and diodes constitute the dominant non-linearity. Various output 
sections PA are shown in Figs 11 to 14. 

+15V 

Fig. 12. Complementary double emitter
follower circuit configuration (8). 
Quiescent current 500 mA, open-loop 
output impedance 1.2 ohm. 

power source must also have sufficient 
power output. A safe rule is that the 
rating of the power source is five to ten 
times greater than that of the amplifier 
under test. 

3. Both switches Stand S2 are closed, with 
both output signals being fed simul
taneously to the load. The intermodula
tion products between the two signals 
are measured across the load by using a 
spectrum anafyser or an intermodulation 
distortion analyser. 

4. The r .m.s. sum of all intermodulation 
products (i.e. neglecting all harmonic 
·components of the primary signals) is 
calculated and the distortion indicated 
as a percentage, referenced to the audio
frequency signal at the output of At. 
The test frequencies used are in most 

cases not critical and can be selected to 
minimize the effect of such external dis
turbances as mains frequency hum. Their. 
frequency ratio may be optimized ·so that 
the harmonic frequencies of the low-fre
quency signal do not coincide with the 
frequencies of the intermodulation pro
ducts. Various frequencies and load resis
tances may be used in different countries, 

--~...-----4.-"'"'()-15V 

Fig. 13. Quasi-complementary power 
amplifier circuit (C). Quiescent current 100 
mA, open-loop output impedance 2.7 ohm. 

depending on mains frequency and stan
dard loudspeaker impedances. The results 
reported were obtained using a load resis
tance of four ohms and frequencies of 63 
Hz and 1032 Hz. A typical measurement 
result is given in Fig. 9, which shows the 
intermodulation spectrum generated. 

Comparison of amplifier 
circuit topologies 
The theory developed predicts that the 
amount of interface intermodulation 
distortion depends primarily on three basic 
power amplifier characteristics: Open-loop 
output impedance, amount of feedback, 
and closed-loop non-linearity of. the cir
cuit. The first two properties especially 
vary considerably among amplifier circuit 
topologies. To make a valid overall com
parison of different topologies, all the cir-

. cuits should have 
-the same closed-loop gain 
-equal closed-loop distortion, and 
-same output damping factor, i.e. 

closed-loop output impedance. 
These rules represent the market place 

reality of various commercially competing 
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Fig. 14. GroundecJ-.emitter complementary 
output circuit (D). Quiescent current 100 
mA, open-loop output impedance 60 ohm. 

amplifier. designs having similar overall 
specifications, irrespective of basic topo
logy. 

The first rule is based on the assumption. 
that amplifiers of equal output power and 

·equal input sensitivity are compared. 
·The second rule is based on the fact that· 

commercial amplifier designs are limited 
by a fixed budget. The number of active 
devices and thus their total gain-distortion 
quotient is therefore fixed in competing 
designs of comparable price. Local feed
backand overall feedback can then be used 
in various proportions, but in otherwise 
optimal designs the total closed-loop in
. termodulation distortion tends to be the 
same irrespective of topology, especially at 
low frequencies which are of interest in the 
case of interface intermodulation. 

The third rule is dictated by the com
mercial necessity of having a reasonable or 
comparable damping factor specification, 
irrespective of topology. 

The circuit shown irt Fig. 10 was used 
for the comparative measurements. Diodes 

' 1 and 2 create an artificial non-linearity, 
the magnitude of which can be adjusted by 
changing values of Rz, Rs and R6• The 
same resistors also set the open-loop gain 
and thereby the amount of overall feed
back and damping factor. 

In the measurements four different out-

0-01-j----..,..t----+---+----1 

0 -3 1 3 10 
OUTPUT VOLTAGE ( pk -pk) 

Fig. 15. Measured closed-loop 
intermodulation distortion for the various 
amplifier topologies after adjustment 
detailed in text. 

put stage configurations were used for the 
section PA in Fig. 10. Circuits represent
ing popular topologies found in commer
cial power amplifiers are shown in Fig 11-
14. The operating characteristics of the 
four circuits to be compared were set up as 
follows. 

· -Open-loop gain was increased until the 
r.m.s. closed-loop output impedance de
creased to 0.200'. 

,-Closed-loop total intermodulation 
: distortion was adjusted to 0.2% r.m.s. at 

an output voltage of 3V pk-pk. By in
jecting two signals of equal 'amplitude 
(63Hz and 1032Hz as in previous case) 
to the input of the amplifier, the r.m~ s. 
distortion at the output was measured 
using a resistive4h load and referenc
ing the distortion to the 1032 Hz 
signal. 

- These two were repeated several times 
in iterative fashion, as a change in the 
open-loop non-linearity affected •· ~ 
effective amount of feedback ~h .... 
thereby the output impedance. 
In all the measurements, it was made 

certain that the intrinsic non-linearities of 
the various output circuits were negligible, 
as compared ~o the logarithmic non-linear
ity of Db Dz in Fig. 10. 

Figure 15 shows the measured closed
loop intermodulation distortion of the 

Summary of measurement results and condi~ions 

A IB c D 
compound grounded quasi~ grounded 

collector complementary emitter 
Interface distortion· 
at 3V , (~/o] 0.005 0.01 0.1 0.2 
Open-loop · output 
impedance [!1] 0.9 1.2 2.7 60 
Open-loop gain 
[dB] 33 36 43 70 
Feedback [dB] 13 16 23 50 
R2 lkril 1 1.5 3.2 1000 
Rs [kO] 42 36 32 13 

General conditions for circuits: closed-loop gain 20dB; closed-loop output impedance 
0.2n; closed-loop intermodulation distortion (CCIF) 0.2%; ir1terface intermodulation distor
tion shown at output level of 3V pk-pk. 

w 
(!) 
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Fig. 16. 'Measured open-loop transfer 
characteristics of the various circuits after 
adjustment discussed in text. 
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Fig. 17. Measured interface 
intermodulation distortion for the various 
amplifier circuit topologies. Results 
indicate clearly the roles of open-loop 
output impedance and feedback. 

va1 C'rcuits, while Fig. 16 shows .the 
measured open-loop transfer characteris
tics of the circuits. After adjustment of the 
circuits, intermodulation measurements 
were carried out following ti.e procedure 
outlined earlier. The main results are sum
marized in the table. Fig. 17 shows the 
measured values of distortion as functions 
of the output level. The results are in 
agreement with the theory presented. 
They also coincide accurately with earlier 
results measured for the same circujts us
ing a constant value r of feedback in the 
comparisons2• 

The results demonstrate clearly the role' ·- -
of the open-loop output impedance of a 

. power amplifier in the generation of in
terface intermodulation distortion, the 
various amplifier topologies differing with 
each other by almost two decades. 
However, you must not draw far-reaching 
conclusions of the general usefulness of the 
various output circuits tested. There may 
exist ingenious ways to modify any of the 
topologies so that they will satisfy criteria 
for low interface distortion. Furthermore, 
the circuits seem to differ considerably in 

continued on page 55 
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Japanese giants begin war 
home video standard 

for 

Early in July,' Sony unveiled its Video Movie 
unit, which represents the hardware end of its 
professed aim to establish a home video stan
dard format, similar in scope to the 8mm world
wide film standard. This is based on the Sony 
XCI c.c.d. camera, 13 of which were supplied to 
Nippon Airways in January. 

Blaupunkt, Eumig and Kodak are rumoured 
to be in the act of producing similar 
machines but Sony seems to have 
got in first, if only with non-pro-
duction samples. 

Most of the cameras will feature, 
as do the Sony and Hitachi, 
"dubbed sound" which can be 
added during or after filming. 

The challenge, according to 
Sony, has been to develop a colour 
video camera and video recorder in 
the same box which could rival the 
portability of 8mm film cameras. 
Although the unit was demons
trated at the recent Photokina Exhi
bition in Cologne, Sony say they 
"don't want too much said about it 
at the moment, because it will not 
be available to the public for about 
five years." Even so, many in
terested parties have been provided 
with technical material. . 

Whatever the reason for this reti
cence it seems that the Video 
Movie, which uses a flat 1 X 1.2cm 
charge-coupled device image sensor. 
and 8mm metal particle tape as well 
as featuring "fast search" . a~d. 
"still-frame playback", it is likely 
to suffer · stiff competition, espe
cially from Hitachi, who demons
trated the "Mos Camera" in Tokyo 
in September. Hit~chi say their. camera will be 
ready for production early next year, comple
menting the company's "Mag Camera," which 
appeared simultaneously. 

It seems that all these units will depend upon 
a portable electro-optical system which replaces 
the conventional vidicon-based camera and 
offers advantages such as the capacity to deal 
with 100 times more light than the vidicon type 
without "blooming" or producing a "burn-in," 
which appears as a black spot on the face of the 
tube. 

However, there are some notable differences 
between the. Sony and Hitachi cameras includ
ing 12.7mm wide tape in the Hitachi and a 
difference in weight, with the Hitachi at 7 .Sib 
and the Sony at 4.4lb. While the Hitachi runs 
for 2 hours the Sony runs for 20 minutes, but 
since no details of tape speed have been given 
for the Hitachi camera (Sony unit runs at 2cm/s) 
it's difficult to. make a direct comparison. 

The self-contained v.c.r. in the Sony ufiit 
employs the helical scan, slant-azimuth techni
que used in the company's highly successful 
Betamax video system and although it is by no 
means certain that identical principles are used 
in the Hitachi version, the description "Mag 
Camera - portable v .c.r. camera combination" 
suggests a common circuit approach. Power 
consumption of the Sony unit is 4W, with 

energy supplied by rechargeable cells (replay, 
editing and/or format transfer units are mains 
powered) and the camera slots into the replay 
unit where it is wound back before being viewed 
on the user's TV receiver. During filming, ex-
posure control is automatic. · 

Sony's apparent hurry to get the public in
terested in the Video Movie is presumably an 

video circuit . boc;rd 

attempt ·to bring commercially advantageous 
order to the currently chaotic state of the home 
video market place, where three incompatible 
systems are fighting for ascendancy, each with 
little chance of breaking through to be come an 
accepted world standard system. Clearly, the 
companies in the field, including Sony and 
Hitachi at the front line, are preparing to exploit 

camera circuit · 
board 

view-finder 

I chip e.c.d. 

head drum 

to the full ·potential of -new 
devices, without threatening (if 
possible) the conventional home · 
video range of products - this 
could account for Sony's apparent 
ambivalence in not wanting too 
much said. The public reaction to 
the sudden partial redundancy of 
.several relatively bulky units al
ready purchased (the hardware of 
the VHS, Betarrtax and V2000 
systems) may well be a matter of 
acute concern to the home video 
marketing men. 

Matsushita has also demons
trated a prototype machine, using 
what it calls "charge priming trans
fer," reputed to combine the dy
namic range of m.o.s. devices. wit~ 
the very low noise of c.c.d. devices 
and this unit is expected to go into 
production within two years. _ 
, The price of all such video cam
era units is likely to be close . to 
£700, which is the figure pred.ict~d 
for the Hitachi machine at its intro- · 
duction to the Japanese market in 
Spring 1981. 

According·to Howard Steele, managing direc
tor of Sony Broadcast Ltd, it is only a matter of 
time before a domestic c.c.d. camera/recorder is 
developed for ENG ·( electronic news gathering) 
in television. broadcasting. 

Computer servicing ·course 
at Slough College 
A unique course designed to educate and train 
people with backgrounds in engineering, 
science, or computing, and to fit them for em
ployment as customer service engineers in the . 
computer industry, began this year in Slough. 
· The . first meeting to discuss the proposed 
course was held at Slough College of Higher 
Education in March 1978 and was attended by 
several computer manufacturers, representa
tives of the Manpower Services Commission and 
college lecturers. A working party including 
manufacturers and lecturers was set up and the 
result was a completely new course, which duly 
received approval by the Technician Education 
Council (TEC) as being suitable for the award of 
a Higher Technician Certificate in Computer 
Technology. At the same time a moderator was 
appointed, who visits the college at regular in
tervals to check progress. 

In February 1980 the first full-time one-year 
course began for students who had been 
carefully selected by the three manufacturers 
responsible for their periods of industrial 
training (Data General, Digital Equipment and 
Hewlett Packard), also by the Manpo~er Ser-

vices Coinmission (offering support under the 
TOPS scheme) and by computing and engi
neering lecturers at Slough. 

The industrial training slot (ten weeks during 
the Easter and summer vacations) ensures that 
students will be skilled in aspects additional to 
those presented at the college. Hewlett Packard 
has lent a HP 2100 computer to the college to 
provide training in the use of disc systems and 
programming techniques and they, along with 
the other companies involved, have given lee~ 
tures on specialist subjects. 

Recruitment for the sixteen TOPS-supported 
places for the next course, which runs from 
January 1981 to December 1981, has begun. 
Some previous work experience is essential, the 
course having been intended for people who 
want to be re-trained for the computer industry, 
and · initial qualifications can be wide-ranging. 

Further details of entry requirements and the 
course structure are available from Dr E. Hu
zan, Head of Computing Division, Slough Col
lege of Higher Education, Wellington Street, 
Slough SL1 lYG, Berks. Telephone Slough 
34585, ext. 37. 
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European drive on 
microelectronics 
Because individual European electronics com
panies, left to themselves, are obviously unwil
ling to compete with the Americans and Japa
nese in integrated circuits, the European 
Communities Commission says there is now an 
urgent need for concerted action within the 
Common Market group of countries. If one of 
the Commission's proposals goes through this 
could mean that, from January 1981, up to fifty 
per cent of the cost of R&D in the manufacture 
of devices using sub-micron technology could 
be paid for directly out of public funds. This aid 
would include the development of prototype 
equipment intended to come on the market by 
1985. It would also include up to SO per cent of 
the cost of the lease or purchase of the proto
types by users, as well as engineering work to be 
carried out by them and by the equipment 
suppliers to bring the equipment to the required 
performance. 

Conditions for aid, howe~er, would require 
commitment from a number of Community 
companies to use the prototypes from a particu
lar manufacturer and to invest their resources in 
the necessary engineering work. The number of 
companies would vary according to the type of 
equipment concerned and would be settled type 
by type. The Commission suggests that ap
proved projects should be nationally financed 
within a co-ordinated framework of commit
ment and that, where at least three Community 
countries are·participating, governments of mem
ber countries could be reimbursed by the Com
munity up to half the cost of the support they 
are providing. Such a financial method would 
be a compromise designed to combine the ad
vantages of using national resources and mech
anisms quickly, with the Community providing 
a coherent framework and incentive subsidies 
when the project had a true Community dimen
sion. 

The ECC is worried by the fact that the Com
munity lags behind the USA and Japan in both 
the production and the application of microelec
tronic devices. It notes that it is 65 per cent 
dependent on imports of integrated circuits and 
has a far higher dependence on the most ad
vanced digital i.cs. The weakness of European 
production (under 10 per cent of the total today) 
is the more unfortunate because this is a grow
ing world market, expected to reach some $70 
billion in 1980-84, and the USA and Japan are 
the only major competitors. They, however, 
have invested millions ln well pianned strate
gies, while The Community market remains 
fragmented. 

To try and change this situation the Council 
of Ministers in September 1979 asked the Com
mission to submit proposals for specific joint 
projects at Community level with a view to en
couraging the Community to take a leading role 
in developing this technology. The Commission 
has now produced its proposals for a Commu
nity strategy for 1985, based on discussions with. 
governments and industry and unanimous 
agreement on technical objectives that need to 
be achieved if European industry is to be com
petitive with the USA and Japan in 1985. 

The strategy includes a co-ordination of 
national programmes . The Commission is 
proposing to set up a data bank and arrange for 
systematic distribution of information (taking 
confidentiality into account) to interested gov
ernments of the member countries. In addition 
research into new concepts is thought to be 
needed, and a committee has identified four 
major areas of work covering chip architecture, 
device modelling, language and ·data structure, 

and testing. This could be undertaken by uni
versities and research institutes in close co
operation with industry. 

The strategy also identifies the need to 
promote a European equipment industry. The 
Commission sees this as the weakest Commu
nity sector. Production knowledge and equip
ment has generally been licensed or purchased 
from the USA, when it is usually already out of 
date. There is need for investment and close 
collaboration between prospective European us
ers of the equipment and the equipment manu" 
facturers if the Community is to make headway 
in this field, but national markets alone are too 
small and resources inadequate for development 
on the scale needed. 

The proposals to help European microelec
tronics are in fact part of a much larger initiative 
on "telematics" (a word derived from "telecom-

Communications and 
controlled under one 
The main recommendation of a report pub
lished in September by ACARD, the Advisory 
Council for Applied Research and De
velopment, is that one minister and one govern
ment department should be responsible for or
ganising what it calls information technology 
(IT). 

These initials have been coined to cover the 
wide range of technical activities which fall un
der the headings of communications and com
puting, covering conventional radio commu
nication, the use of word processors, digital 
telephone exc~es, electronic mail, viewdata 
systems an'l1"'5tli.er aspects of digital information 
propagation and processing including optical 
fibre networks. 

The report surveys the developments which 
are likely in IT, the possible applications in 
different sectors of the economy and contrasts 
(as does the Labour 'Party's report entitled 
Microelectronics, also reviewed in this issue) the 
absence of coherent government policies in the 
UK with the developed and developing French 
strategy for exploitation of the technology. 

A further important recommendation is that 
the Post Office (or its successor) should "have . 
the mandate to provide a world-competitive UK 
communications network and should have suffi
cient finance for procurement and installation, 
whether from private or public sources." 

Further recommendations include modifica
tion of the copyright laws to · cover information' 
held in forms other than paper, thus giving 
protection to users of IT. Perhaps more impor
tant, they urge the government to bring forward 
proposals for data protection legislation im
mediately, i.e. to implement the recommenda
tions of the Lindop Committee. 

The failure of the government to act upon 
such recommendations, taken with strident 
criticism in the technical press New Scientist 
equates the work of a commission with "wise 
monkeys", playing on the keys of a typewriter 
long enough to write all of Shakespeare1s plays) 
must give pause for thought about the useful
ness of numerous reports which are seldom, if 
ever, acted upon by government. 

Sir Monty Finniston, whose report on the 
engineering profession was published in April 
and which has largely been ignored by the pre
sent government, said last year that in the 
course of his work he had read upwards of 30 
such reports produced since 1852 - none had 
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munications" and "informatics") - the combi
nation of telecommunications and computers 
which is beco!lling known as information tech
nology. The ECC says that Europe is losing out 
in the "telematics revolution" to its competitors 
in the USA and Japan. Even though today, 
within the European Community, national gov
ernments 'are spending millions of pounds to 
support the new technology, the fragmentation 
and lack of standardisation in the Community 
market hinders development. If the Community 
is not increasingly to rely on external suppliers 
for the most dynamic growth industries of the 
fatter part of the century, says the ECC, there 
must be greater co-ordination of national plans 
md cross-frontier co-operation in research, de
velopment and marketing of products. Given a 
ietermined strategy, thinks the Commission, 
.vith its population of 260m the Community can 
:atch up where it is now lagging seriously be
lind. "But it will have to act fast." 

A strategy to deal with information tech
:lOlogy has been decided and the principles were 
1pproved by heads of government at their 
European Council summit in November 1979. 

computing 
roof, says 

should be 
A CARD 

been acted upon! The Finniston Report cost 
£401,000 and, as reported in Wireless World 
(October 1980), although not completely ig
nored by the government, it has not been imple
mented in· the way Finniston recommended. 

e It seems very odd that British taxpayers 
and engineers continue to tolerate this gigantic 
waste. Quite as serious is the facttliat little is 
done to point out to the non-technical decision
makers in go.vernment that, for example, the 
electronics industry and its offshoots are least 
likely of all western industrial processes to fall 
apart. After most of the UK's heavy industry 
has disappeared, the electroriks/communi
cations industries will be thriving and yet the 
British government and people do not see it (i.e. 
the need to invest both cash and initiative) and 
the British engineer does not shout loud enough 
about it. 

The most extraordinary aspect of the subject 
is the utter docility of those who are both British 
tax-payers and engineers - to deny status 
simultaneously with ignoring the economic im
portance of the industry and the engineer's per
sonal contribution would probably result in con
tinuous lobbying of M.P.s in many Continental 
countries, but in the UK it is left to the press 
and dedicated p~ople like Finniston to harangue 
impotently an apathetic and ignorant legis
lature . 

Even when fundamental financial action is 
clearly impt!rative, as in the case of lnmos, 
where the government stalled over providing 
the . essential second payment, the obsession 
with saving cash holds sway over more intelli
gent acts of enterprise . 

It is amazing that the frustration of engineers 
has not turned into an angry demand reverbe
rating through the institutions. 

Information Technology is available from 
HMSO or on order from booksellers, price 
£3 .30. 

News 1n brief 
Creative Strategies International, a California
based market research firm, predicts that the 
world-wide market for teleprinters in 1985 will 
exceed $1 billion, reflecting a compound annual 
growth rate of 21%. Most of the increase is 
likely to be due to the extension of business
based data communications .networks and auto
matic mail systems. 
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The BBC's money 
Background to this month's editorial: According to 
a participant in a "Man Alive". BBC television 
·programme last May the independent television 
companies had a total income of £385 million in 
the year 1978/79 to run their one television net
work, whereas in the same year the BBC re
ceived £315 million to run its two television 
networks and the whole of its sound broad
casting services . In 1980 both of these figures 
can be expected to be higher, in excess of £400 
million. The Home Secretary, William· White
law, stated in a Radio Times interview ( 4 Octo
ber, 1980) that the BBC's "net income for this 
financial year and the next one together should 
be about. £1000 million." For lTV, the new 
franchises for programme companies, due to be 
announced on 28 December, have been re
ported to be worth about £560 million p.a. 

levels in engineering training have also been 
maintained since this training has to continue to 
keep the programmes going out. 

On capital projects (studios, transmitters, 
buildings etc) staffs are being kept at a level 
matching the capital spending which th~ rele
vision, radio and external broadcasting ~.tec
torates are able to budget for. Without the pre
sent restrictions staffs in ·these departments 
would have had to be increased. 

Other engineering departments have in gen
eral suffered a 15% cut in permitted expendi
ture. Very largely this has meant a 15% cut in 
jobs, amounting to about 130 in the whole of the 
Engineering Division. This is being achieved by 
natural wastage rather than by redundancies. In 
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research and design work this has meant a 
corresponding reduction in the range of projects 
which can be pursued. In engineering informa
tion there is a slowing in rate of response to 
demand for transmitter surveys and investiga
tion of reception problems, and also a reduction 
in the range and amount of published technical 
information and participation in exhibitions. 
Fewer technical manuals are being produced for 
maintenance engineers and others . 

In capital spending there has been a defer
ment of .new developments, such as studio 
centres in the regions, additional local radio 
stations, regional extension of Ceefax services 
and a new radio production centre in Central 
London. There has also been a slowing down in 
the re-development of the radio v.h.f. transmit
ter network. Capital spending is being concen
trated on the replacement of worn-out plant. 

It is well known that a large number of engi
neers in the IBA and the lTV programme com
panies have been recruited from the BBC. 
Another participant in the "Man Alive" pro
gramme mentioned that about 70% of applica
tions for engineering jobs in lTV were received 
from BBC staff. The salary differences that 
could account for much of this drift have been 
substantial. For a particular senior engineering 
job in lTV the maximum salary in 1979 was 
£8,600, whereas the BBC maximum for · the 
equivalent job was £6,480. In general the salary 
differences at that time ranged from 25% to 
33%. At present the BBC is not losing many 
engineers to lTV. They say they are having no 
difficulty in recruiting staff now that they are 
reducing the number of available jobs and there 
is much unemployment anyway. 

G.l. to expand its Scottish base 

The engineering economies which the BBC 
has made in response to Government pressure 
have been in both jobs and capital spending. 
General policy has been to arrange the cuts to 
have the least possible effect on programme 
production. Consequently the Corporation has 
not done anything to impair the operation of its 
transmitters and communications systems. Staff 

A new plant, fully supported by government 
grants and costing £8.5 million, is to be built by 
General Instrument Microelectronics (a sub
sidiary of the US General Instrument . Cor
poration) at its establishment in Glenrothes, 
Scotland. 

This expansion, due for completion in 1985, 
follows a previous grant to the company by the 
Department of Industry to aid the completion of 
a non-volatile memory production unit on the 

News in brief 
The ubiquitous microprocessor finds yet 
another (general) application with the introduc
tion by the National Physical Laboratory of a 
counselling service for manufacturers of mea
suring equipment, gauges, and other forms of 
measuring tools, generally grouped under the 
heading of "metrology." The NPL can provide 
teams which specialise in measurement techni
ques and combine this expertise ·with a 

The BBC's tape_ reclamation equipment which was recently brought into service for radio 
and external services in London, is being used here to make tapes suitable for re-use, no 
matter what their previous recording function. The service is expected to be extended to 
regional departments fairly soon . . 

.same site under the Microelectronics Industry 
Support Scheme. 
· G.l. is the only company manufacturing 
r.o.m. chips in Europe at present and in addi
tion produces a wide range of devices for opera
tion in microcomputer systems, telecommuni
cations equipment and entertainment systems 
and games. When complete, the workforce at 
Glenrothes is expected to be twice its present 
size. 

knowledge of computing methods to produce 
simplified measurement practice, giving faster 
and more accurate methods to those small firms 
which constitute the major company element in 
the measurement and scientific instrument in
dustries. Full details of the service can be ob
tained from Mr A. Williams, Division of 
Mechanical and Optical Metrology, National 
Physical Laboratory, Teddington, Middlesex 
TWll OLW, telephone 01-977 3222, ext. 3031. 

New regulations governing the control of 
human exposure to lead come into force on 18 
August 1981. It has been estimated that 10,000 
people in the UK are "significantly" exposed to 
lead and the new requirements will extend the 
scope of the 1961 Factories Act, which was 
largely industry-based. Copies of The Control of 
Lead at Work Regulations 1980 are available 
from HM Stationery Office, price £1.40. 

A plague of fleas at Plessey's telephone equip
ment factory in Beeston, Nottingham, led to a 
walk-out of more than 100 shop floor workers 
early in October. They returned to wo~k a few 
~ays later after the factory had been fumigated. 

After holding meetings throughout the UK to 
test public opinion of current IBA day-time TV 
programmes, the corporation is to interview 43 
contenders for the 15 commercial TV franchises 
which come up for renewal by Christmas 1981. 

A microprocessor-controlled fuel injection 
system for diesel e.ngines is to be developed 
jointly by Lucas and TRW, the American con
glomerate with interests in optics and semicon
ductors . The sensors, actuators and other 
hardware will be manufactured by Lucas and 
the system is expected to be ready for produc
tion by mid-1983 . Oddly enough, economy of 
fuel use is not a major objective and a 
spokesman for Lucas points to the US Environ· 
mental Protection Agency's exhaust emission 
requirements as the main purpose of the unit's 
use. 
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Microelectronics and Labour 
The Labour Party's discussion document en
titled Microelectronics, published in Sep
tember, apart from one or two howlers such as 
that on page 1, where we learn that "semicon
ductors are popularly known as "chips"(!) con
tains a wealth of depressing conclusions about 
the state of the British microelectronics indus~ 
try, as well as some worrying international com
parisons in technical education and manage- . 
ment. 

At the same time it emphasises (predictably) 
the need for far more national involvement and 
ownership of companies in the field, with 
special reference to GEC, which it describes as 
playing "a particularly malign role in British 
microelectronics." The need for more national 
investment is stressed by quoting Sir Arthur 
Knight's conclusion (as the new chairman of the 
NEB) that the private market does not provide . 
enough capital for the sector and that even un~ · 
der the last labour government, it was not 
enough to ensure success." 

The document refers to what it sees as Sir 
Keith Joseph's "political attack" upon the Post 
Office, through the break-up of the monopoly, 
at least where the supply of terminal equipment . 
is concerned and comments that "The com
bined effect of these measures will certainly be 
to reduce the profitability of the new Telecom-

. munications Authority by allowing private cbm
panies to cream off the most lucrative business 
and so put their major investment programme at 
risk." At the end of this section, the point is 
made that such action could lead to increased 
imports of telecommunications equipment, to 
the detriment of the major UK suppliers and the 
workers employed by them .... "In accordance 
with party policy these powers and activities will 
be restored to public ownership and control by 
the next Labour government." 

The comparisons between, for example, the 
French and British telecommunications pro
grammes are in some aspects startling, by 
mentioning that the French are committed to 
increasing the number of telephone subscribers 
from 14 million to 34 million by 1992, the provi
sion of a free viewdata terminal to each subs
criber (to permit the eventual replacement of 
telephone directories) and the introduction of a 
direct broadcast telecommunications satellite 
for business use. 

Comparisons are also made between the level 
of state aid in the two countries, the example of 
Inmos being used, where the amount of aid is 
less than the total provided by the French gov
ernment to three small-company projects in 
France. The conclusion is drawn that large' 
sums of money must be spent if progress is to be 
made - "where private industry does not or 
cannot spend, government must - a point 
accepted by the government of every advanced 
economy but our own." 

The discussion document refers to research 
policy in a manner which suggests that bodies 
such as ACARD (see news report in this issue) 
are little more than toothless bulldogs. "The · 
new microtechnology clearly throws up a need 
to fill (the) gap which ACARD (attached to the 
cabinet office and composed largely of em
ployers' representatives and academics) does not 
meet." Apart from these criticisms, the docu
ment notes the need for legislation to protect 
personal privacy, in the face of the power pro
vided to organisations such as the police by 
computers and other interconnected data 
systems. 

In a section called ' ~Wider Horizons," the 
idea of a better use for "own time" is mooted 
but not developed. The possibiloities offered by 

technological change in the development of lei
sure activities seem to emerge as a pretext for a 
·puffmg piece of political dogma, uncharacteris~ 
tic of the document as a whole. 

The main recommendations, however, are 
linked with the main areas of criticism, covering 
research and development, where private indus
try funds only about 30% (this, the document 
says, should be extended by harnessing the ex
pertise of public corporations, universities and 
government laboratories), public purchasing, 
telecommunications and public investment. 

In the two latter subject areas, the report says 
that the development of optical fibre transmis
sion systems and the extension of System X 
must not be restricted by the imposition of strict 
cash limits. "Britain needs to match the political 
and financial commitment that the French have 
shown towards their telecommunications 
system." In the section on public investment, 
the activities of the NRDC and NEB are pro
vided as examples of methods of filling the 
"equity gap." 

The fmal points concern Labour's objectives 
for the application of new technology, where the 
point is made that this necessarily differs from 
the approach of private enterprise in that the 
profit motive should not be the major consider
ation, where at present resources are put into 
entertainment systems rather than medical 
electronics, into broadcasting rather than per
.sonal communications and into missiles rather 
than computer aids for education. 

Perhaps the most damning comment, which 
occurs earlier in the document, is in the section 
dealing with education, science and research, 
where Britain's failure to respond properly to 
the challenge of the chip is emphasised and one 
important factor isolated .- that we have "con
sistently undervalued practical technological 
understanding and this in turn has produced 
generation after generation of decision-makers 
in our society who do not have it." 

More jobs lost to recession 
Within the next 18 months, another 3,800 jobs 
will be lost in the radio and tv manufacturing 
industry. The £10 million Rank-Toshiba link
up, formed two years ago and crowned by a £3 
million modernization programme as well as 
saving many jobs in Rank's Plymouth and Re
druth factories, has fallen foul of the strong 
pound and the cheap goods challenge from the 
Far East, according to Rank. 

About 2,700 jobs, many of them re-deployed 
after the closure of the Stoke plant by Rank, are 
currently in danger. Meanwhile, Philips has 
announced the closure of its tv manufacturing 
plant in Lowestoft, with the loss of 1100 jops, 
the actual closure being.planned for mid-1982. 
This factory has been making domestic radio 
and tv sets for 30 years and all future production 
will be transferred to the company's remaining 
factory in Croydon. 

Another British-Japanese consumer electron-
ics business in trouble is the GEC-Hitachi joint 
venture colour tv plant at Aberdare, Wales. A 
GEC spokesman told the Observer (19 October): 
"There is a lack of consumer demand and the 
pressure on margins is continuing ... if there is 
no improvement in the future then its lack of 
viability will have to be faced." 

Data Recording Heads at Egham, Surrey, has 
had to lay off 97 of its 295 employees because of 
"crippling recession". The managing director , 
has said: "We have no choice . . . the cutbacks 
are to ensure the survival of the company." 
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News in .brief 

The prizes offered by the Department of Indus-, 
"try to secondary schools participating in a com
petition launched in April and reported in our 
June/July 1980 issue, have now been awarded. 
Schoolchildren were asked how a microcom
puter would benefit the~r school and the range 
of suggestions included the development of a 
school teletext system, programming of new 
dance movements(?) and the running of the 
school's administration. Winners were selected 
from 650 entries and 117 microcomputers were 
eventually awarded (100 planned) with six 
"star" prizes being awarded by Sir Keith Joseph 
to schools in Renfrewshire, C. Armagh, Uttox
eter, Mid-Glamorgan, Ewell and Camberley. 
The idea behind the c:ompetition was to act as a 
ca:talyst in a national effort to spread com
puting experience quickly into education. Sev
eral companies and organisations, including 
Shell, GEC, Plessey and the Post Office have 
made major financial contributions and are 
offering individual schools continuing help. 

On the heels of Teac and Marantz, who recently 
introduced cassette recorders using DBX noise 
reduction circuits, Matsushita has now made an 
agreement with DBX, a wholly-owned sub-' 
sidiary of the UK company BSR, to market 
cassette recorders using the system under its 
Technics brand name. DBX claims that its 
noise reduction technique offers the best signal 
to noise ratio available and that it "virtually 
eliminates tape hiss." Distribution will begin in 
Japan at first, followed by world-wide distribu
tion. 

The 7th European Conference on Optical Com
munication will be held in Copenhagen from 
September 8 to 11 1981. A call for papers has 
been issued in relation to the conference and 
further details are available from the Secretary 
of 7th ECOC, M. Danielsen, Electromagnetics 
Institute, Technical University of Denmark, 
DK-2800 Lyngby, Denmark. 

Zaerix Electronics has acquired the Rochester
based Mazda radio valves and tubes marketing 
business from Thorn Brimar Ltd. The complete 
valve stock, as well as the testing facilities, have 
been taken over by Zaerix and customer service 
and quality control procedures will be main
tained at the company's headquarters at 46 
Westbourne Grove, London, W2. 

Background information on legislation and cur
rent safety standards relating to electrical equip
ment exported to the US has been published by 
the British Standards Institution. The docu
ment surveys the most widely used certification 
schemes and details are give of organisations 
which test and certify electrical products. The 
survey, called Electrical Equipment Certification 
in the USA has been prepared by the BSI's 
Technical Help to Exporters service and costs 

£24 to THE members or £30 to non-members. 
It is available from THE Sales Office, British 
Standards Institution, Maylands Avenue, 
Heme! Hempstead, Herts HP2 4SQ. 

Inmos will be opening its first large-scale pro
duction factory in Newport, Gwent during the 
summer of 1982. The factory will manufacture 
v.l.s.i . products. Production samples of 16k 
static r .a.m. devices are now available from the 
company's Colorado Springs unit. 

WIRELESS WORLD DECEMBER 1980 49 

Darkroom exposure meter 
and enlarger timer 

Measures print exposure time and controls enlarger 

by G. G. R: Rutter 

The unit described will measure the 
required exposure for a black and 
white print, giving a digital readout in 
seconds and tenths; it will then time 
this exposure. The meter may also be 
used as a ten minute process timer to 
count minutes and seconds. Two such 
meters have now been in use for over 
a year, and have proved to be 
accurate, stable, and convenient to 
use. 

The circuitry is constructed from 
easily available components, largely 
using c.m.o.s. logic, at a cost of about 
£30, which is less than commercial 
units offering much inferior 
performance. · 

Most of the circuitry of the meter/timer is 
in one box, which provides control of 
manual exposure setting, 'on' and 'off, 
'expose' and 'time", together with a paper
speed adjustment. The sensor is contained 
in a separate small box, with the 'measure' 
switch, used for the meter-set exposure 
time. 

Circuit operation 
The circuit diagram of the sensor is shown 
in Fig. 1. D 1 is the sensing photodiode, a 
Siemens LD57C, which is intended by the 
makers for use as a I.e. d., but which is 
used here as a blue-green sensitive photo
diode because of its ready availability. Its 
sensitivity to orange safelight is very low, 
probably roughly equivalent to printing 
paper. The 'C' suffix denotes the high-out
put type. 

The current from D 1 and Dz is inte
grated by IC1> Trb the output of which 
feeds a Schmitt trigger (Trz,3,4) . Feedback 
to the integrator is via Dz and D3, both 
small, red l.e.ds, Dz being used as a 
photodiode - an arrangement which pro
vides excellent isolation of the sensitive 
input of the integrator. The output of the 
Schmitt trigger is in the form of negative 
pulses, whose length is inversely propor
tional to the current through Db or the 
incident light, and directly proportional to 
the required exposure. 

The specified input leakage current for 
the CA3140 (IC1) is lOpA, but this seems 
to be much reduced by operating the in
puts at earth potential, and nine out of ten 
samples leaked considerably less than this. 
It_is thus possible; with selected devices, to 
resolve currents of 10- 16 A. In normal 
operation, D 1 gives a current of at least 
lpA, and although this sounds an excess
ively small current for accurate mea-

sutement, it does not give rise to problems 
if the circuit is constructed on good-qual
ity, glass-fibre p.c. board. The integrating 
capacitor is very small (about lpF), and 
must have a very low leakage; I found that 
two lengths of l-2cm 30s.w.g. enamelled . 
wire, twisted together, perform better in 
this application than commercial capaci
tors, and, furthermore, can be trimmed to 
size. 

The Schmitt trigger, Trz,3,4' has a tem
perature-sensitive hysteresis, to compen
sate for the increased sensitivity of D 1 with 
temperature rise. 

The output of the Schmitt is taken to the 
logic circuit which is given in Fig. 2. When 
measuring exposures, IC:Z,3,4 are used to 
count pulses from a v.c.o., which is 
controlled by the paper speed potentio
meter, during the negative periods of the 
output of the sensor circuit. At the com
pletion of each count, the measured expo
sure is transferred to ICs,6,7 and displayed. 
If the count runs overrange, the 'carry' 
output triggers IC14, and the count stops at 
000. 

Manual setting of exposure time can be 
accomplished using four buttons, provid
ing fast and slow, up and down counting. 
The frequencies (10 and 100Hz) are de
rived from the rectified 50Hz mains wave
form via Schmitt trigger IC9ct. Switching is 
by two latches (ICsa,sc) to abolish contact 
bounce. Each pulse, in addition to clock
ing ICz,3,4 also sets 1Cs,6,7· 

After either manual or sensor-deter
mined setting, the exposure time is left in 
1Cz,3,4· 1Cs,6,7 may then be used as a timer 
without losing this information. In this 
mode, after initial setting to . zero, ICs is 
clocked by 1Hz pulses from IC13. IC6 is 
reset at a count of 6, so that IC7 counts 
minutes. 

.-:.---- f----1 
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For turung exposures, IC2,3,4 count 
10Hz pulses down to zero, the exposure 
time being set into 1Cs,6,7 before counting 

· starts. On reaching zero, the carry output 
goes high, terminating the exposure, and 
setting the counters again for repeat expo
sures. An exposure may be terminated 
early by pressing the "Off' button. 

The display circuit in Fig. 3 includes a 
separate voltage regulator (D4 and Tr6). 
This is because the LM723 (IC 17) was 
found to give inadequate regulation for the 
v.c.o. when loaded by the display l.e.ds. 
Also included in the display circuit is the 
variable mark-space ratio strobe oscillator 
IC1s, which may b.e omitted if a variable 
brightness display is not needed. 

The voltage-controlled oscillator in Fig. 
4 deserves special mention. For conve
nience, the paper speed control is logarith
mic: a linear potentiometer is used, to 

' control a log. v.c.o . IC16 is a CA3046 tran
sistor array, used as a temperature
controlled log. voltage-to-.current 
'converter. This i.e. consists of five n-p-n 
transistors on a single chip, the transistors 
therefore being accurately matched, and 
having close thermal coupling. Four are 
used as a thermostat: set to about 40°C, the 
oscillator is stable to better than 2%, and 
settles in 15 seconds. The reference voltage 
for thermostat and log. converter is de
rived from the 7 .lSV reference of the 723 
regulator. IC1s, an NESSS, is the oscilla
tor, whose capacitor is charged rapidly by 
the lkO resistor, and discharged relatively 
slowly by the log. converter; thus, the 
frequency is closely proportional to the 
discharge current. 

As shown, the adjustment range on the 
speed control is approximately x 10, a 
further preset adjustment of x 10 being 
provided by the lkO preset. The range 

~ f :1Measure · 

L__SW 

1k5 

100n 

~- E 

Fig. 1. Photoelectric sensor unit. Width of negative-going pulses at output depends on 
amount of light from enlarger ~ the brighter the light, the narrower the pulse. 

www.americanradiohistory.com

www.americanradiohistory.com


50 

> > 
" " + " o6 + 
(£) 8 .B 
.0 $2 I{) 

Ill c ([) c 
~ ii: ~ ii: 

~-

·. _ 

.D 

J 

0 0 
10 

1.1) ~ cr .!-' 
~ · :.c a u 

. -~ 

I 

~~ 
:.cu u 
a ....._3 

(\J 
cr ~ 

-f-1- ~ 0 u 

~~ 
::.cu u 

._e 
::> 

M 
0: ~ 

UJ 
0 . ll. u 

0~ ~~ 
q > 

" i:: + 0 

c 

f-o_I_: 
~ 

=~~ f: 

Ht-

~~---
::.cu 
u 

'--@ 
cr ~'>t 

a. 
0 
(\J 

;". w 
Q. 

uo H ;._,., 
;>tD 
<I{) 

4 · >~ 
I{) 

.c ._ __________ .J ~ 
' 

u~ h ~ ~ t£ > -r g 
~Eo ~ ~ 

WIRELESS WORLD DECEMBER )980 

> 

·~ 

ll.~ 

ll.~ 

0~ 

0~ 

ll.~ 

ll.~ 

~ 

o'~ 

ll.~ 

n.'>t 
0 

o<t 

...._....._ _____ --10 

L-11-+-++------lll..'"" 
l-1-+-"'-'"------ln.<t cr ~1-----..... 

0 

o">t 
~<D 

ll.~ 

~~ 

::.: 
· U 

-"' 
<D 
I{) 

L-11-+-+-1-:::::===~~-n.-'>t---cr--• --<:Hv.;-u_--1•,_-'iV· "vVAvv....,.. 

0 

o'<t 

" 
Q.~ 

~ 

o._'<t 

o:L-______ _, 

' 

-"' 
<D 
\() 

~" " v ~ 

b-r <II 
E 

" f + 

WIRELESS WORLD DECEMBER . 1980 

Fig. 2. Control logic circuit. Display is 
driven by counters IC5 to IC7. Omitted from 
the diagram are the connexions of the· 
carry pins: IC5 carry in (pin 5) is connected 
to earth; IC5 carry out (7) is connected to 
JC6 carry in (5); and IC7 carry in (5) to earth. · 

may be widened by increasing the 6k8 
resistor . 

The isolated mains switch is shown in 
Fig. 5. The power supply is derived from 
the mains, using the transformer primary 
as a current limiter. Some triacs require a 
trigger current of SOmA, and in this cir
cuit, narrow, high-current pulses are pro
vided by the NES55 oscillator. A current 
ofO.SmA through the optical isolator l.e.d. 
will stop the oscillator and turn the en
larger off. 

Construction 
I constructed the meter on four printed 
circuit boards: one double-sided, with the 
main logic circuitry, power supply stabi
lizer, and log. v.c.o., a separate, single
sided board for the display circuit and two 
small boards for the sensor circuit and 
isolated triac switch. 

All except the sensor circuit were 
housed in a "BIMBOX" 6006 (Boss In
dustrial Mouldings): the sensor was fitted 
into a home-made metal and plastic box, 
which must be electrostatically screened 
by a layer of aluminium cooking foil. 

Layout of the majority of the circuit is 
not at all critical. The isolated triac circuit, 
since it is at mains potential, should be 
suitably shielded. The sensor circuit 
should be arranged to minimize leakage 
current to the input of the integrator. IC1 

Unreguiated 
suppfy 

330k 
T 100n 

~ 

is mounted in a socket made of Soldercon 
pins, which provide no additional leakage 
path. Pin 1 has no connexion, and no 
socket to allow a complete earthed guard 
ring to be put around pins 2 and 3, and ·D1 
and D2. The use of an i.e. socket allows 
the CA3140 to be changed, to select one 
with a low leakage. Db as supplied, has a 
domed encapsulation, to provide focus
ing, which makes it highly directional, so 
that it is necessary to grind this off, leaving 
a flat top. Emery paper is suitable for this, 
finishing on fine grit (600), then metal 
polish: some care is necessary to avoid 
straining the leadouts. D 1 · should, ob-' 
viously, be under a transparent window iri 
the box. D2 and D3 .face each other, and 
should be shielded from the light illumi
nating D 1• All components at the input of 
the integrator, including ICb should be 
clean: fingerprints could cause leakage 
currents. 

10n 

"t" 
from 
IC8 pin1 

All 
resistors 
680 
(21off) 

DL704 

[f 
BI LE A BCD 

+E 
Fig. 3. DisplaY, with strobed brightness control on 
blanking inputs of decoder. 
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--- +7V Logic supply 

E--~------~~~~----_.~._------~~--4---~--~--~--~--~--._._--------~---*----~-----E 

Setting up 
After checking the circuit and supply 
voltages, the first thing to set up is the log. 
converter, whose temperature should be 
set to about 40°C: this is not, however, 
critical. Assuming an ambient temperature 
of 20°C, one method is as follows: set the 
·1k!l "temp" preset to minimum resis
tance, and check that no current flows in 
the 10 ohm resistor of the heater transistor. 
Connect a 56k!1 resistor across the 3k9 
resistor, and the lk!1 preset, raising the 
base voltage of the temperature-sensing 
transistor by about 40m V. The 1k!1 preset 
can now be adjusted until current just be
gins to flow in the 10 ohm resistor. Remov
·ing the 56k!l resistor now reduces the base 
voltage by 40m V; a rise in heating current 
should now be seen which reduces over 
about 30 seconds to a value sufficient to 
maintain the temperature. 

The sensor circuit should now be 
checked. In light corresponding to a long 
exposure of about 100 seconds, the nega
tive output pulses should be approximately 
2 seconds long. In total darkness, these 

5 transistors 
IC15 CA3046 

pulses should be at least 10 times longer; if 
not, try another 3140. Adjustment of the 
output pulses is by trimming the lpF capa
citor (made of twisted wire). The paper 
speed preset is adjusted to give a suitable 
span on the panel mounted control, cali
bration being by trial and error, with test 
strips. Paper manufacturers do not usually 
quote a speed, so each box needs to be 
tried, and the appropriate speed setting 
noted down. 

Using the instrument 
In measuring exposures, a piece of ground 
glass, or other diffuser is placed under the 
lens, and the sensor placed on the printing 
frame directly under the lens, before 
pressing the "measure" button on the sen
sor box. The display should now show a 
stable reading, and the enlarger should be 
on. Moving the iris should alter the expo
sure reading accordingly. Upon releasing 
the button, the enlarger will turn off, and 
the exposure will be held on the display. 
Pressing the "expose" button will turn the 
enlarger on for the displayed time. The 

----~~~------------------------------------------------------------------------~-------------------------------L 

250Vo.c. 

ZD2 BZY88 
6V2 

10k 

E ICg 
,~ .. pin 4 

22)J ;, 

~· ' I . .-

IC22 

555 
3 

33 

To 
enlarger 

. N 

400V 
3A 

E --'-----~~·..;..· _' ,J ! i' ' :·, 'Fig. 5. Triac mains switch. Mains transformer primary 
: · :1 : ' ' ! winding acts as dropper for NE555 supply; IC 23 provides 
~ isolation. 

Fig. 4. Voltage-controlled oscillator and 
p.s.u. Four transistors of CA3046 on left 
form thermostat. 

"on" and "off' buttons are to control the 
enlarger for focussing, etc. 

The manual setting buttons should 
cause the display to count up or down, fast 
or slow. Pressing "time" causes the deci- · 
mal point to move one digit left (to be
tween the left and middle digits), sets the 
display to 0.00, and starts it counting 
seconds and minutes. This is cancelled by 
any other function except "on" and "off', 
and the previous exposure time is re
covered. 

Component list 
Integrated circuits 
1 . CA3140 
2-7 4510 (b.c.d. up/down counter) 
8 4043 (quad. 3-state Nor R/S latch) 
9 4081 (quad . 2-input And gate) 
10 4011 (quad. 2-input Nand gate) 
11 4001 (quad. 2-input Nor gate) 
12 4012 (dual, 4-input Nand gate) 
13 4518 (dual, b.c.d. up counter) 
14 4013 (dual, D flip-flop with R/S) 
15 NE555 
16 CA3406 
17 LM723 
18 4001 (quad. 2-input Nor gate) 
19-21 4511 (b.c.d .-to-7-segment latched 

encoder/driver) 
23 TIL 111 

Transistors Triac 3A, 400V 
1-3 ZTX109 
4 BC214 Zener diodes 
5 BC107 4 BZY88 C8V2 
6 BFY52 5 BZY88 C6V2 

L.e.ds 
. 1 LD57C (Marshall's, Kingsgate 

House, Kingsgate Pl., London NW6 
4TA) . 

2,3 TIL209, DL 704 
Passive components as in circuit diagrams. 
Resistors lfaW, carbon film, presets minia
ture carbon 
Transformer 9V, 150mA 0 
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Orbit predictions from 
satellite images 

Calculating orbit predictions using scanning-radiometer pictures 

by M. L. Christieson 

Images f rom polar orbit ing satellites, 
such as t hose from TIROS-N and 
NOAA-6, can be used by t he amateur 
t o make reasonably accurat e orbit 
predictions. This article describes a 
method which has enabled a.o.s. 
(acquisition of signal) time t o be 
predicted to w ithin a half a minute for 
up to a fortnight. After this period, 
some updating of data is required if 
the accuracy is t o be maintained. 

A significant problem encountered by 
amateurs receiving images from polar or
biting satellites such as TIROS-N and 
NOAA-6 is the need to maintain 
reasonably accurate orbit predictions. The 
degree of accuracy needed depends on the 
level of automation, and if the station is 
fully automatic it is often necessary to keep 
errors to less than half a minute in time 
and one degree of equator crossing longi
tude. 

The simplest solution is to obtain a re
ference orbit from an outside source, and, 
using the orbital period , €alc\ililadie succes
sive orbits either mamaa:lly or by u&ililg a 
simple computer pFC>gfam. It . so0>n be
comes apparel'.llt that without occasi0mad 
updates the drift of the predri.cniom is imtof· 
erable. Further data can be obtained from 
outside, but this is not always easy to ob
tain, and sometimes can be quite inaccu
rate because of the long term nature of 
their production. It is very difficult even 
using large professional computer systems 
to produce accurate long-term predictions 
because the magnitude of the drag on a 

. satellite in a low-orbit depends on the 
outer atmosphere, which is affected to .a 
large extent by solar activity. The level of 
solar activity is difficult to predict and 
hence errors can reach tens of minutes over 
a period of months. 

It is therefore necessary to update both 
reference orbits and orbital parameters re
gularly; say every two weeks or so. Assum
ing that fhe amateur wishes to be indepen
dent, some direct observational method 
must be used. The most obvious is to use 
an· astronomical telescope to observe the 
satellite, and provided it is well calibrated, 
these observations will give the required 
data. There are several disadvantages to 
this method: · 
-the capital outlay in equipment is large. 
-It requires some expertise to use it. 
-Observations are restricted to a time 

when the sky is dark but the satellite is 

Fig. 1. Representation of the 
type of scanning used by 

1 . TIROS-N and NOAA-6. 

not in the earth's shadow. 
-It must be known approximately where 

to look and when. 
-It is dependent on the weather. 

In most cases this method would, apart 
from radar observation, be the only avail
able solution, but the earth imaging .satel
lites are sending pictures looking down at 
the Earth, and it is possible to use these to 
find out where the satellite is at a given 
time. The scanning-radiometer pictures 
from TIROS-N and NOAA-6 lend them
selves easily to this. fig. 1 shows this type 
of scanning. It can be seen that as the 
imaging is sent in real-time, the pixels 
(picture elements) representing the point 
directly below the satellite (the sub-satel~ 
lite point) are sent at the time the . satellite 
was directly over this point. 

Fig. 2. represents the satellite image 
from the v .h.f. scanning radiometer signal 
and the line ab is the satellite track. The 
satellite passes directly overhead all points 
on the line ab at different times during the 
pass. The exact latitude and longitude of 
one point ·on the line must be measured 
and this is obtained from · the physical de
tail on the image. It is: also necessary to 

d~termine the exact time that the pixels 
representing this point were sent. The ac
curacy with which this information is 
extracted from the image has an important 
effect on the final accuracy of the method. 

Latitude and longitude 
extraction · 
It is essential that the line ab is drawn 
down the exact centre of the image section 
of the picture. This section does not in
clude sync, grey-scales and timing-marks. 
When the centre-line has been drawn, the 
features visible on it are examined for 
something that can be readily identified -
a particular shape on a coastlir:te or a lake 
for example. If the centre-line passes only 
over sea., or. cloud it is not possible to use 
that particular image. Once a point has 
been selected it must be re-identified on an 
atlas map, and the exact latitudeand longi
tude measured. In order that the longitude 
may be · measured most accurately a point 
near to the equator should be used, where 
the longitude· lines are widest apart. It is 
not po~sible to identify a_random point in 
order to measure the longitude of the 
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centre-line because everi after processing 
on board the spacecraft the image scale is 
not linear. 

Time extraction . 
The v.h.f. signal also contains tunmg 
marks down one side ofthe image (Fig. 2.) 
These are short horizontal lines set one 
minute apart. In ordd· to measure time 
exactly these marks must be referenced 
against an outside time standard. This 
must be done in real-time, and if a tape 
recording technique is used for printing it 
must be done as the picture is recorded. In 
the prototype, which in fact also prints the 
pictures in real time, a small white line is 
added .every tt;n minutes. This ten.,.minute 
marker can be_readily identified on the 

_ image, and from an approximate starting 
time the minute markers referenced. This 
techniqu~ is also shown in Fig. 2. which 
illustrates _ the construction lines. The ac
curacy of time measurement also has _ a . 
significant effect on the final accuracy ef 
the method. 

Calculation of the resuh 
This sections deals with calculations rele
vant to an ascending orbit, Fig. 3(a), and 
the formulae used are based on spherical 
geometry. For a satellite in a circular orbit 
with period P minutes and orbitalinclina
tion to the equator <j> the sub-satellite lati-
tude -is given by -· · 

' ' -- 360t 0 -

lat = si~- 1 [sin (-p) sin <l>J (1) 

t minutes after it crosses the equator. The 
value for the inclination is well published 
and varies only slowly with time. Using the · 
value for lat (Lobs) from the 'observation; 
and an approximate value for P; which is 
also well published, the value oft can be' 
calculated by rearranging the equation 

t = rsin-1 {.sin Lobs)] [L] -, .. -- (_2 __ ) ' 
- ·· f - ~ ~ sin <j> - 360 - · -

The time of the observation is known, so 

leq = Jobs - t ' 

where _ teq is the time the satellite crossed 
the equator. This is the required result. 

The longitude of the satellite is given by 
art equation consisting of 'three parts ' 

LG = cos-1 [ (cos 
36~t ) · + cos Lobs] 

(3) 

where LG is the longitude and Leq is the 
longitude at which the satellite crossed the 
equator. The first part of the equation is 
the actual movement of the satellite, the 
second is to take account of the Earth's 
rotation, and the third the starting l~ngi- -
tude. All the variables in the equation are 
known except ·for Leq which is ·required. 

Leq = LG0b~ - cos- I {- [ cos (36-PO_t_-_-) ] 

+ COS Lobs} - _ ~ (4) 

This gives the equator crossing longitude 
which, together with the ,tim.e,,represents a 
reference orbit. · - ' ' -- - . 
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-Fig. 2. Typicalco'mpilation of a scan received 
from the satellite. The horizontal line has 
been chosen to cross ab, the satellite path, at 
a point on the coast to enable accurate 
determination of latitude and longitude from 
a r:nap. 

A more accurate value of period is re
quired for longer term prediction, and this 
can be calculated from two observations 
taken some days apart and the total 
number of minutes between the two calcu
lated. This is divided by the approximate 
value of period. Obviously the result 
should represent an integral number of 
orbits, so it is rounded up to the nearest 
integer and the total number of minutes 
divided by · that. This gives the orbital 
period. The procedure can be repeated 
regularly to keep the value of period accu-
rate. 

Qescending orbits 
The equations given above are. valid for 
ascending orbits only, i.e. those that cross 
the equator into the observer's hemisphere 

time· 

I 

·I 
on the same side of the Earth as the ob
server. This type of orbit is shown in Fig. 
3(a). Half the usable passes a day r~sult 
from orbits crossing the equator on the 
other side of the Earth, coming over the 
Pole and into the user's view, and then 
crossing the equator into the other hemi
sphere. This type of orbit, a descending 
orbit, is shown in Fig. 3(b). If the obser-

. vation is made on a descending orbit, the 
existing equations must be modified. At 
the point when the · orbit goes over the 
Pole, the equations go through a disconti
nuity thus becoming useless. A convenient 
solution is to imagine the orbit to be in
clined to the equator in the opposite sense, 

<j>'= 180- <l> 

Using equation 2, the value of t can be 
calculated using the modified value <j>' 
This produces the time taken for the satel
lite to reach the equator crossing into the 
other hemisphere. Therefore the equator 
crossing into the observer's hemisphere · 
was half an orbit before, ie. P/2 minutes, 
so: 

p 
teq = tobs + t - 2 

In order to calculate the equator crossing 
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longitude equation 4 must be modified. · 
For inclinations of less than 90° the sign · 
before the ftrst part of the equation must 
be reversed. (<j> 1 will now be less than 90° if 
<j> was greater than 90°). As the equation is 
being used in reverse the sign before the t/4 . 
term must be reversed due to the fact that 
the earth is rotating in the opposite direc-

. 'tion. The equation now becomes 

: I , 1 '{ [ ( 360t ) ] -Leq = LGobs + cos- . cos p 

+COS 4bs } + ! 
This value of Leq 1 is the equator crossing- · 
longitude passing from the observer's 
hemisphere. To calculate the value ofthe 
crossing-longitude half an orbit before, 
180° plus a correction for the rotation of 
the earth must be subtracted. 

Leq - 4q'- 180°- !_
0 

. 8 
This, together witli the time, represents 
another reference orbit. 

Source of errors 
Several assumptions are made during the 
calculation of reference orbits. There are 
two main ones: 
1. The satellite radlometer looks directly 
downwards, i.e. the scanning plane is at 
right-angles to the axis of motion. 
2. The orbit is perfectly circular. 
The results using this method are 
reasonably accurate indicating that the er
rors resulting from these assumptions are 
quite small. It is also assumed that the · 
observer is not located very close to either 
-the North Pole or South Pole. Errors 
involved with the measurement of time 
depend to a large extent on the user. If a 
suitable method is used, the contribution 
tc the total error is small. 

continued from page 44 
their distortion behaviour close · to clip
ping. Although these questions would be 
of great interest, they are not discussed as 
the purpose of this article is only to illus-
trate the basic theory. . 

The analysis and measurements show 
e a loudspeaker, being reactive by nature, 
is capable of storing much of the energy it 
receives from the amplifier. 
e this stored energy will be reflected back 
to the amplifier output terminals; 
e the closed-loop output impedance of an 
amplifier is normally very low, but the 
open-loop impedance may be several 
ohms. To damp the reflected signal, feed
back will generate a correction signal 
within the amplifier. 
e the signal in the forward path of the 
amplifier thus consists of two components; 
the original input signal and the loud
speaker reaction signal, both of the same 
order of magnitude. 
e these two signals may interact in the 
non-linearities of the amplifier, generating 
intermodulation products between . the 

: two. 
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Fig. _3. Ascending (a) and descending (b) orbits !Shown in relation to an observer. 

The two main areas of significant error 
lie in the identification of a selected point, 
its transfer to the atlas map and conversion 
to latitude and longitude. The size of the 
image has a large effect on the first of 
these, and the quality of the atlas an effect 
on the second. Both these errors will. be 
reduced with practice. In order to reduce 
errors generally it is best to use a point as 
near to the equator as possible .. 

Use of a computer 
It is very much easier to calculate the result 
by means of a . computer program. This 
method was developed using Fortran-4 
routines on a mainframe computer, but it 

. could easily be implemented on a 
microcomputer, using Basic. The compu
ter also makes the generation of longer 
term predictions easier, using · a simple 
looping program based upon parameters 
and reference orbits obtained from this 
method. If a computer is used, care must 

e this distortion, · termed interface in
termodulation, will be most prominent at 
low frequencies where the lQ_udspeaker re
active load is largest. 

Amplifier_ design rules to avoid . 
interface intermodulation 

The output should provide a low 
open-loop output impe9ance to 
adequately attenuate the loud
speaker reaction signal so that the . 
need for a feedback-generated 
damping is minimized. 

Heavy overall feedback should be 
applied with caution. 

e the susceptibility of· the amplifier to 
interface intermodulation can be measured 
by using a modified difference-tone 
method, where one of the signals is in
jected to the input and one to the output of 
the amplifier. To create conservative 
worst-case test for this effect, the latter 
signal may be increased to equal in power 
the rated output power of the amplifier. 

be taken to prevent longitudes from being 
negative. This was achieved by using For
tran;.4 IF statements for results either side 
of zero longitude. All longitudes were ex
pr~ssed as· degrees west. 

Conclusions 
The results achieved using this method 
have enabled orbit predictions to be held 
better than .half a minute for a.o.s. The 
equator crossing longitudes are used by an 
antenna tracking computer which has also 
proved most . satisfactory. · It has been 
found necessary to update the reference 
orbit approximately once every two weeks, 
and the value of period every mopth. If a 
greater error could be tolerated, only oc
casional updating would be necessary . 
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Waveform gating with 
the 8038 
In Fig. (a), Tr1 to Tr4 form a unity ga.ln 
Voltage-follower which prevents oscilla
tion by balancing the positive current 
source in the 8038, and feeds C1 with an 
equal but opposite current from Tr1 via D1 
and D2. The voltage-follower is disabled 
by a gating pulse which removes the bias to 
Tr1 and allows its collector to rise about 
0.7V above the voltage on C1. This reverse 
biases Db D2 and allows normal operation 
of the 8038. 

When the logic enables Tr1 at the next 
positive transition of the 8038 square-wave 
output, D1 and D2 are still reverse biased 
and waveform generation continues until 
the triangle waveform reaches the voltage 
set by VR1. At this point D1 and Dz be
come forward biased and the oscillation 
stops. In the single-cycle mode, the gating 
signal produces a short pulse on its rising 
edge which allows one full cycle of oscilla
'tion. Fig. (b) shows a c.m.o.s gating cir
cuit and Fig. (c) illustrates a faster t.t.l. 
version. 
A. J. Strike 
Norwich 
Norfolk 

-~j · Gate mode 
_ _ _ _ _ _ _ __ lDV VR, .etta >5V 

~)Single cycle 
VR1 set to 75V 

Single cycle 
vR1 set to 
approx 5V 

6 

2 rv 
Freq. 

8 3 "v 
8038 

10k 
' j 9 

12 11 10 

22k c, 4n7 

All diodes are 1N4148 

(a) 

8038 pin 9 

10k 

o-- ...... --1C 1t2 4013 
Gate pulse 0 

Gate pulse 

Single 
cycle 

Free run 

,,2 
74LS74 

D 
CLR 

c ,,24013 

(b) 

~~-4-----------------------

F.e.t. tester 
Because the pinch-off voltages of f.e.ts of 
the same type vary considerably, it is often 
necessary to test them before use. This 
simple circuit reveals the bias required for 
a given current. Resistor R1 is chosen to 
equal 0.6// so that the bipolar transistor 
provides sufficient current to produce the 
required bias across R2, which is measured 
by a voltmeter. The value of R2 should be 
less than the reciprocal of the f. e. t's mu
tual conductance at zero bias, and for most 
devices 1500 is suitable. ·The meter does 
not need a high impedance, and for accu
rate matching, a d. v .m. can be used. 
F. N. H. Robinson· 
Oxford 

(c) 
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+15V 

15k 
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Free run 
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Time-base generator 
Components IC1 and C form an integrator with time constants controlled by the range 
resistors. Schmitt trigger IC2 controls the discharge of C through IC3 attenuator and the 
transistor. IC4 is a buffer with a gain control to change the output amplitude. 
H. A. Eassa 
Cairo 
Egypt 

18k 

93k 

c 

-1 ·5V 

Floppy disc system continued from page 76 

explained in Table 6, two controller 
commands have to be altered, 1D63 to 
write the complete track, and 1E47 to 
delete the attempt to verify the head 
position after the seek operation, as 
presumably the track is being re-formatted 
because it is impossible to verify on that 
track. 

Re-formatting is accomplished by 

proceeding as with a standard Write 
operation, giving the start of the block as a 
source and dummy data, say 1, 1 and 1 for 
the track, sector and number of sectors. 
The head should move in, load itself and 
write the track. After this has occured and 
the head has released, the computer should 
be manually reset using the Reset key or, 
preferably, Control Z. D 

Table 7. Sequence for a DRQ int errupt. Not e t hat interrupts can be accepted 
during LD, SP, HL, in which case t he HALT will not be executed, but instruc
tions up to and including LD, SP, HL are always executed unless NMI occurs. 

(Mode 2 Interrupt) 91/2 ~lS 
IN A,1D 5112 ~IS Data read in 
CPL 2 ~IS Data inverted to true 
LD (DE),A 31/2!JS Stored in memory 
INC DE 3 ~IS Move to next location 
El 2 ~lS Enable interrupt 
LD SP,HL 3 ~lS Pull back SP 
HALT 2 ~IS Halt for interrupt 

30112 ~lS 
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.Programmable 
power supply 
continued from page 40 

board. The overload latch then sets to zero 
the input voltage to the output amplifier. 
The voltage is maintained at zero until the 
overload condition is cleared and the reset 
command is received. 

Maximum output voltage of the circuit 
is dependent on the transformer rating and 
the voltage/current rating of the series pass 
transistor. The prototype used a lOOV A 
transformer rated at 40V/2A. However, 
with two decimal digits of programming, 
the potential output is 99V with suitable 
modifications. 

The current-limit sense amplifier is con
ventional and allows variation of the trip 
current with a preset potentiometer. An 
unusual feature of this circuit is the use of 
a t. t.l. i.e. in the power-down feedback 
loop. · 

A wholly digital interface would permit 
further improvements in the power 
supply. For example, if the · d-to-a 
converter is driven by optically coupled 
devices, and the overload-latch is also opti
cally-coupled, the analogue section of the 
supply can be electrically floating. This 
system retains the features of remote pro
gramming but does not need complex 
linearization feedback networks normally 
necessary in optically-coupled analogue 
circuits. 

A very accurate power supply with four 
significant digits of programming could 
incorporate digital correction of the output 
signal by monitoring the analogue output 
with a digital voltmeter and comparing it 
with the programmed voltage present at 
the d-to-a converter input. The difference 
between the two values is added to the 
binary signal to correct the analogue out
put. Such a system provides very accurate 
outputs with excellent long-term 
stability. D 
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Tone filters for 
electronic organs 

Part 2: desi·gn procedure and practical problems 

by C. E. Pykett B.Sc., Ph.D. 

This article derives frequency 
responses of tone filters for four 
organ tones; whose acoustic . 
spectra were given in part one. It 
completes the design procedure, 
discusses the number of filters 
needed per stop and the 
combining of tone colours, 
and various other practical 
points. 

The frequency response of the required 
filter is obtained by subtracting the saw
tooth spectrum from the relevant organ 
pipe spectrum. In practice this merely 
means that the numbers in Table 2, repre
senting the individual harmonic ampli
tudes, are subtracted one by one from the 
corresponding numbers in Table 1. The 
resultant four series of values are presented 
in Table 3, and graphically in Fig. 5. (In 
all cases the frequency response is repre
sented on a scale that does not indicate 
absolute frequency but is normalized to 
the frequency of the first harmonic or fun
damental of the original spectra. To imple
ment a real filter circuit one needs to first 
convert the frequency scale back to true 
frequency values, which immediately begs 
the question of which design frequency is 
chosen for the filter, a subject treated later. 

(a} Claribel flute .8' 
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Also shown in Fig. 5 by the full lines are 
the frequency responses of four actual filt
ers intended to simulate the frequency res
ponses suggested by the discrete points on 
the four graphs. (The circuit diagrams of 
these filters are given in Fig. 6 and they are 
more fully discussed later.) It is, of course, 
permissible to draw the frequency res
ponse of a real filter as a continuous curve -
as the filter has a defined gain/loss at all 
frequencies in contrast to the experiment
ally derived points of Table 3, which exist 
at harmonic frequencies only. An addi
tional feature in Fig. 5 is the presence of 
broken lines corresponding to Bode plots 
used in the filter design process. This is 
discussed later, but for the present a short 

. qualitative discussion of the form of these 
responses follows as this leads miturally 
onto filter implementation. It is necessary 
that the reader is familiar with the ampli
tude versus frequency response of simple 

Fig. 5. Filter frequency response curves for 
the tones in Fig. 2. Dots represent values of 
the required response at the harmonic 
frequencies as in Table 3. Full lines are 

. measured frequency responses of actual 
filters, broken lines are Bode plots. 
Responses calculated assuming a 
sawtooth driving waveform. 

(d) Cornopean 8' 
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filter sections and (where appropriate) 
their equivalent Bode plot representations. 
Particularly important are first, second 
and third-order passive RC networks, and 
parallel resonant (LC) sections. 

The claribel flute filter is characterized 
by a rapid increase in attenuation for the 
first six or seven harmonics, Fig. S(a), 
after which the attenuation remains 
roughly constant at about 35dB below the 

· value at the fundamental frequency. After 
the 15th harmonic no further experimental 
data are available. The nature of the experi
mental points in this diagram shows why 
flutes are among the most difficult tones to 
emulate. It is difficult to discern a simple 
trend from the available information, 
though an interesting feature is that the 
attenuation at the first few even harmonics 
is consistently higher than at the adjacent 
odd harmonic frequencies. This suggests 
that the flute stop in question consisted of 

Table 3. Normalized frequency res-
ponses in dB of tone filters for four 
organ tones assuming a sawtooth 
drive waveform corresponding to Fig. 
5. 

organ stop name 

claribel open 
viol 

cornu- . 
harmonic flute diapason pean 

1 0 0 -5 0 
2 -25 -8 2 4 
3 -20 -5 7 5 
4 -30 -13 12 6 
5 -27 -17 2 7 
6 -34 -24 4 4 
7 -33 -17 3 4 
8 . -37 -24 1 0 
9 -36 -22 6 -4 

10 -36 -28 2 -7 
11 -35 -25 1 -12 
12 -35 -30 .....,4 -13 
13 -35 -33 -6 -22 
14 -35 -35 -9 -22 
15 -35 -36 -10 -27 
16 -36 -10 -29 
17 -10 -26 
18 -12 -29 
19 -13 
20 -12 
21 -16 
22 -13 
23 -14 
24 - 18 
25 -12 
26 -21 • 
27 -18 
28 -18 
29 
30 
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stopped pipes, though it was not possible 
to confirm this by an examination of the 
interior of the organ. Whilst a stopped 
construction is unusual for claribel flutes, 
this assumption enabled a filter response to 
be chosen that was based on the first four 
or five odd harmonic frequencies only; 
even harmonics were ignored. This filter 
consisted of a third-order passive RC net
work whose breakpoint was the fundamen
tal frequency. Driven with a sawtooth 
wave, a reasonably satisfactory flute re
sulted though the effect when using a 
square wave was not satisfactory. (This is 
at odds with the strong suggestion from 
the filter response that odd harmonics 
ought to predominate.) It seems that the 
relative proportions of Qdd to even har
monics are critical for flutes, and experi
ments with other filter configurations in 
which particular harmonics were selecti
vely reinforced confirmed this. The simple 
filter just described makes no attempt to 
emulate the part of the frequency response 
suggested by frequencies above the tenth 
harmonic. Even though such high-order 
structure ntay be crucial to the production 
of a good flute tone as previously 
discussed, it was found difficult to derive a 
straightforward way of doing this that also 
yielded subjectively good results. 

Turning now to the open diapason, the 
response fits a second-order Bode plot very 
nicely, with the break point occurring at a 
frequency equal to 2.6 times the funda
mental. The actual response of such a filter 
(fqll curve) fits the experimental points 
well, with only a few reaching a maximum 
divergence of 6dB. Subjectively this 
simple diapason filter produced entirely 
acceptable and realistic sounds that were 
hard and bright rather than dull and 
woofy. A complete diapason chorus, from 
a 16-foot double diapason to a three-rank 
mixture, was built up using a total of 32 
such filters and the effect had something of 
the tonal excitement of a similar flue cho
rus on ·a pipe organ. 

The experimental points for the viol 
filter suggest a bandpass characteristic, 
and they are again well approximated by 
the Bode plot illustrated in the diagram. 
This consists of a 6dB/octave rise changing 
to a 12dB/octave fall, . the transition be
tween the two being at the fifth harmonic 
of the fundamental. Such a filter has the 
true response indicated by the full curve. 
The subjective verdict on this filter was 
again favourable, though it was too stringy 
for some tastes. This is possibly due to the 
fact that this filter was derived from Bon
er's data2, in which measurements were 
made in a, free field with the microphone 
close to the pipe. In an organ, a viol rank 
would be placed well inside the organ case. 
and almost certainly inside a swell box (a 
large box equipped with movable shutter 
to enable the volume to be varied). 
Therefore significant high frequency 
attenuation would result, with the tone of 
ther pipe sounding less stringy to a listener 
in the autitorium. 

Finally, the cornopean data are again 
strongly suggestive of a bandpass charac
teristic . In this case the filter was imple
mented using · a parallel resonant circuit 

' •J) Claribel fl ute 8' 
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4n7 Output 
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Fig. 6. Filter circuits giving the frequency r~sponses of Fig. 5. Inductor in (d) can be realised 
electronically. 

tuned to the fifth harmonic with a Q of 
about 2. To achieve the. asymmetry of the 
response, which rapidly falls above reso
nance, a third-order RC filter was also 
used breaking at the eighth harmonic. The 
reasons for using this particular bandpass 
filter configuration instead of one akin to 
the viol are given in the next section. For 
the present the actual response is seen to fit 
the experimental values closely. The effect 
of this filter was a·convincing bright reed 
tone, definitely typical of a cornopean or a 
trumpet rather than of a. close-toned 
tromba or tuba. Again, a family of such 
filters was built with worthwhile results. 
The unique tone of an organ reed pipe 
seems, in part at least, to be due to an 
harmonic structure that is relatively con
stant in amplitude up to an harmonic order 
between the fifth and tenth, depending on 
the particular tone. After this frequency 
the amplitude falls off rapidly; this falling 
characteristic is reflected in the filter res
ponse . It is therefore essential to copy the 
"asymmetrical resonance curve" of the 
filter, as without the rapid attenuation 
above resonance the effect is completely 
synthetic and quite unlike the original. · 

Hardware realisation 
Filter response need not be matched 
exactly to the calculated values at each 
harmonic frequency of the driving wave
form. These points originate from experi
mental measurements in which a large 
number of variables, most of them un
controllable, affect the results such that 
divergences of a few dB can be neglected 
provided they are random rather than 
noticeably systematic. 

Flue pipe tones can nearly always be 
well approximated by the use of a simple 
passive RC filt~r 

-flutes generally need a third-order 
lowpass system 

-diapasons generally need a second
order lowpass system 

-strings generally need a bandpass 
system. 

Circuit examples of these types of filter are 
given in Fig. 6(a), (b) and (c). 

Reeds can nearly always be well approxi-

mated by implementing the asymmetrical 
bandpass characteristic previously des
cribed. It is usually found that the Q of the 
hump in this bandpass is significantly 
greater than unity for reeds, whereas for 
strings (which also require a bandpass) the 
Q tends to be less than this. Therefore, 
whilst a simple RC passive bandpass filter 
can be used for strings as noted above, a 
resonant circuit or its equivalent is usually 
necessary for reeds. If a parallel LC circuit 
is used, as in the example in Fig. 6(d), the 
rapid rolloff on the high frequency side of 
the resonant peak can be achieved by using 
an additional passive RC network. In Fig. 
6( d) this network is of third order. 

The majority of organ tones are best 
derived from a sawtooth wave, or one that 
has both odd and even harmonics. 
However, there are some important excep
tions where a waveform containing only 
the odd harmonics (e.g. a square wave) is 
preferable if not actually essential. A par
tial list of stops where odd harmonics 
predominate might have names such as 
stopped diapason, lieblich gedackt, hour
don (all stopped flue pipes), and clarinet, 
vox humana, cromorne (reed pipes with 
cylindrical resonators). 

These design guidelines just given apply 
to the filter circuits in Fig. 6. For flue pipe 
tones, the Bode plot of .an appropriate 
passive network is first matched to the 
experimental points and then the corre
sponding filter is implemented. This 
procedure requires a certain amount of 
experience and judgement; for the first 
example turn to the open diapason fre
quency response in Fig. S(b). The Bode 
plot best suited to the experimental data 
appeared to be a second-order system in 
which there is first a horizontal line (zero 
slope) followed by a line of slope -12dB 
/octave. The breakpoint is the frequency at 
the point of intersection of the two line 
segments. The - 12dB/octave part of the 
response was drawn so that it fitted the 
slope of the experimental data as well as 
possible as judged by eye, then the 
breakpoint was adjusted bearing in mind 
that the actual response at this frequency 
will be 6dB less in amplitude. A 
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breakpoint of 2.6 times . the fundaniental 
frequency resulted. The frequency res
ponse of the ftl1er is given by the full line 
in Fig. S(b) and Fig. 6(b) gives the circuit. 
This coaesponds to the particular form of 
the Bode plot in that the two sections have 
the same time constant (RC product) and 
they are arranged such that they do not 
mutually load each other.· (It is usually 
possible to avoid buffer amplifiers by 

. choosing the component values to avoid 
mutual interaction). The circuit was de
signed for a fundamental sawtooth fre
quency of 311Hz, so that each section has a 
time constant of 

106 
RC_= 23tX31lx2.6 

~he~e R is in kohm and C in nF. The 
question of how to choose the design fre
quency of the filter is deferred until later as 
it raises some important practical issues. 

The flute fllter of Fig. 6(a) was designed 
in · exactly the same way, though in this 
case the frequency response data of Fig. 
S(a) offered less precise guidance as to the 
(orm that the Bode plot should take. A 
third-order system was used, matched to 
the first few odd harmonics for the reasons 
srat'ed previously. The three time con
stants were again equal and the three RC 
sections were again buffered. The 
breakpoint was chosen to be the funda
mental frequency which in this case was 
370Hz. There would have been little point 
in using a breakpoint lower in frequency 
than the fundamental; this would merely 
have resulted in greater overall insertion 
loss with little effect on the tone quality. 

For the viol frequency response, Fig. 
S(c) there were two segments clearly indi
cated, forming a Bode plot with slopes 
/z6dB/octave and -12dB/octave. The 
breakpoint turned . out to be at the fifth 
harmonic. This is a simple bandpass filter 
formed from three RC sections in which 
one is high pass and the other two lowpass. 
The particularly simple form of the Bode 
plot means, again, that the time constants 
are all equal and that the sections must not 
interact. Such a circuit is shown in Fig. 
6(c) and was designed for optimum opera
tion at 311Hz. 

Reed tones generally require bandpass 
characteristics with Qs not less than 1.5 
and often more, which implies the use of 
circuits such as LC resonant sections. The 
higher the Q, the more "reedy" the tone 
and the smaller the frequency range over 
which the circuit is effective. A Q in excess 
of three or four is seldom required for the 
imitation of organ reeds. The cornopean 
frequency response in Fig. 5(d) bas a 
clearly defmed resonance peak at the fifth 
harmonic, and a Q of about 1.5 is implied 
by the locus of the experimental points 
below resonance. To achieve the rapid at-· 
tenuation above resonance, an additional 
rolloff of about -22dB/octave starting at 
the eighth harmonic is also indicated. This 
result was obtained after a certain amount 
of juggling with ruler and pencil on the 
original graph points. The filter con
structed used a resonant circuit with a Q of 
2 rather than 1. 5 because it sounded better 
and a -18dB/octave rolloff instead of 
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Fig. 7. Simple electronic inductor 
realisation using op·-amp where C' is the 
tuning cap~citor. 

-22dB/octave, for practical reasons. A ver
sion of this circuit designed for a 262Hz 

. sawtooth is shown in Fig. 6(d), and its 
frequency response is the full curve in Fig. 
S(d). The first two and the fmal RC sec
tions produce a slope of -18dB/octave at 
the eighth harmonic, and the central LC 
section is responsible for the resonant 
characteristic. A parallel tuned circuit has 
to be driven and terminated so that its Q is 
not significantly affected by the adjacent 
circuitry. The terminating impedance can 
simply be a sufficiently large resistor 
which in this case is also used as an ele
ment of one of the low-pass sections. The 
source resistor feeding the resonant circuit 
must then be chosen according to the fol
lowing conflicting criteria. It must not ap
preciably load the preceding RC section 
nor must it reduce the Q of the resonant 
circuit. Hence its value must be as high as 
possible. The insertion loss of the com
plete filter is influenced by the value of the 
source resistor because the effective resis
tance of the LC section at resonance equals 
Q2R, where R is the equivalent resistance 
of the inductor. Hence the source resistor 
and the LC section itself form a potential 
divider that controls the amount of signal 
handed on to the rest of the circuit. For 
this reason the value of the source resistor 
should be as low as possible. 

The circuit in Fig. 6(d) thus contains a 
certain amount of compromise, though 
mainly in the interests of economy. If total 
component cost is of no account, the 
various sections of the fllter can be buf
fered using active devices thereby easing 
the design process. Such a course seems 
scarcely worthwhile when it is possible to 

Sawtooth 
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app~oximate to the desired response as 
well as is indicated by Fig. S(d). 

In the interests of simplicity it had been 
implied that the resonant circuit was con
structed with a wound inductor. This was 
not the case since an electronic inductor 
was synthesized using a simple circuit, 
Fig. 7. The advantages are that the filter 
can be readily adjusted until a subjectively 
optimum effect is produced; it is much 
cheaper than its wound counterpart, con
sisting only of two resistors, a small capaci
tor and a cheap operational amplifier; and 
it is much less bulky. 

Design equations are as follows: 

L= QRz 
2rcf 

where f is the resonant frequency 

. L 
. - C= RR 

l 2 

(Suitable values for R1 and Rz are 820 .and 
10 respectively.) The value of the parallel 
capacitance C required to tune the circuit 
to f is 

C' 1 
= 4rc2fL 

The final version of the cornopean filter 
using an electronic inductor based on the 
above is in Fig. 8. 

Qualitatively at least, Fig. S(d) is sug
gestive of a Q-enhanced Sallen and Key 
active fllter response, though in practice 
this alone would not achieve the rate .of 
attenuation required above resonance and 
additional sections would be required. 
Nevertheless, the use of this type of circuit 
is a distinct possibility instead of the 
parallel LC circuit used, and design in
formation is available from many sources 
for those wishing to experiment. Linsley 
Hood6

, for example, describes a related 
system for achieving high frequency pre
emphasis in his cassette recorder instead of 
u'sing coils. 

How many fi lters per stop? 
A single tone filter , implemented at one 
design frequency, will not produce the 
same tonal effect across an entire keyboard 
which (in the case of five octaves) might 
represent a frequency range of 32:1. Yet 
there is evidence in favour of using single 
filters when cost is paramount: the single 
filter approach often produces subjectively 
reasonable results. In my experience this 
statement is true for flue pipe tones that 

6. Linsley Hood, J.L. Low-noise, low-cost cassette 
deck, Wireless World May, June & August 1976 
and Feb. 1978. 

r 
Output 

Fig . .8. Cornopean reed filter using synthesized inductance as alternative to 
circuit of Fig. 6(d). 
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are simulated using simple low-pass filters 
(flutes and diapasons), where an effective 
range of three or four octaves can be ob
tained without difficulty. Beyond this, 
these tones begin to sound unnaturally 
stringy in the bass and too characterless in 
the treble, and in addition there is an 
overall reduction in amplitude when going 
from low to high frequencies. This last 
problem can be mitigated by grading the 
isolating resistors that are nearly always 
found in the keying system. 

There are two reasons why a single low
pass fllter has such a large effective fre
quency range. First, it is easy to show that 
if the filter characteristic and the source 
waveform spectrum both approximate to 
linear slopes, not necessarily numerically 
identical, over a sufficiently large fre
quency range then the relative harmonic 
proportions in the output signal remain 
constant over this range. There is also an 
overall amplitude variation that can be 
dealt with as previously described. These 
approximations are valid for the claribel 
flute filter and the sawtooth spectrum al
ready discussed, and also for the open dia
pason though to a lesser extent. The 
second reason why a single filter is usable 
in these cases is that to achieve a uniform 
acoustic output, the pipes in a real diapa
son or flute stop are scaled so that ~_!ley 
have a relatively · larger proportion of 
higher order harmonics in the bass than in 
the treble. This effect is the same as that 
produced by driving a single flute or diapa
son type filter over a wide frequency 
range. 

With other tones (strings and reeds) an 
effective range of only two octaves or less is 
usual because of the more selective fre
quency response of the filter networks. 
Beyond this range the effect is artificial, 
particularly in the bass, where the stops 
sound "sizzly" and thin. There is little that 
can be done in these cases except to use 
multiple filters for each stop, each one 
designed to operate over a particular seg
ment of the keyboard. The limiting 
extreme, of course, is to employ one filter 
per note, a tour-de-force that has certain 
advantages in spite of the enormous com
ponent count. The advantages stem from 

Inputs from 
segmented 
keying system 

~ r' D R' 
Segment1 ~' . '.'.-

supplied with a sawtooth wave at the same 
amplitude as the existing one but at three 
times the frequency, i.e. at the interval of a 
twelfth above the note being keyed. The 
twelfth corresponds to 2¥3' in footage 
quate results can be achieyed using dif
ferent filters for each half-octave; indeed 
even this is usually an overkill. I have built 
a classical instrument of 36 speaking stops, 
all of which employ only four filters and 
the result is most satisfactory, especially 
with regard to such features as the sound 
of reed choruses at the bass end of the 
keyboard. The method used to co~bine 
the outputs of the fllters comprising one 
stop is illustrated in Fig. 9. Each is termi
nated in a resistor R' that can be used to 
regulate its amplitude. Judicious variation 
of the relative amplitudes is useful in hid
ing the breaks between each pair of filters, 
yet another psychoacoustic feature .of the 
auditory system that works in our favour. 
Overall gain variation is provided by mak
ing part of the negative feedback resistor R 
variable. · 

More practical points 
All of the fllters discussed here must be 
driven from a low impedance source, in 
practice a few · tens of ohms, and termi
nated in a high impedance, at least five 
times greater than the impedances 
involved in the final stage of the fllter. 
Straightforward operational amplifier 
techniques are suitable here. 

A pronounced change can be imparted 
to particular tones if only one or two har
morucs are selectively augmented. For 
example, increasing the level of the third 
harmonic in the claribel flute Fig. 2(a) 
changes the tone to that of quite a good 
lieblich gedackt. Similarly, diapasons and 
flutes can be distinctly brightened by aug
menting the secol).d harmonic. In each case 
this can be done by borrowing the appro
priate sawtooth wave from the multiple 
keying system that usually exists in which . 
several frequencies are switched simul
taneously for each note. The additional 
frequencies are combined in the filter sim
ply by providing more input resistors, as in 
Fig. 10. This shows the claribel flute filter 
together with an additional input which is 

Ma in sum m ing bus 
conta1nmg contnbut1on" 
from all stops 

Segmeo<2 B R: l 
···-·R/· ~ . " ' . ' . 

. I I 

/ : I 
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I 
I I 

Segmeo<3£R J 
Fig. 9. Method for combining the outputs of 
a number of filters corresponding to one 
stop. R' controls the regulation of the stop 
across the keyboard, R controls the overall 
amplitude of the stop. 
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Fig. 10. Converting the claribel flute into a 
lieblich gedackt by augmentation .of the 
third harmonic. 

the ability to regulate the tone quality and 
loudness on a note-by-note basis, and the 
audible "breaks" between filters that ean ·· 
be troublesome when a lesser number is 
used do not exist. However, entirely ade.:. 
nomenclature if the stop is of eight foot 
pitch. Three points to remember: 

-It is important that the impedance of 
the sawtooth wave sources should be 
low, otherwise incorrect summation 
will result. 
-The parallel combination of the 
various input resistors must approxi
mate to the resistance calculated for the 
original filter. 
-It is not necessary that the frequency 
relationships between the fundamental 
and the augmented harnionics be ma
thematically exact. This makes it pos
sible to borrow the required harmonics. 
from an equally-tempered tone generat
ing system. Such borrowing can only be 
done to a limited extent; some intervals 
will be grossly out of tune, though in 
the case of the twelfth the effect is not 
serious. For all octavely related ·in
tervals, of course, this is irrelevant. A 
certain amount of trial and error is re
quired to achieve the desired results by 
this means. 

Many organs use a single generator 
system from which all tones are derived: 
This means that all stops of the same 
footage are fed with the same waveform 
when a given key is depressed, and the 
various signals emerging from the tone 
filters are then usually electronically re
combined before being amplified and fed 
to a loudspeaker system. Take care that 
filters. do not introduce inadvertent phase 
shifts due to the indiscriminate use of 
inverting amplifiers within the filter itself. 
Such amplifiers might have been used for 
buffering purposes. Without first de~ 
signing the tone forming system as a whole 
and taking account of detailed points such 
as this, the ability to add stops one to 
another will be adversely affected. Buffers 
are therefore best implemented using non
inverting amplifiers, for example, voltage 
followers. The problem of combining tone 
colours is further considered below. 

The construction of analogue filter cir
cuits for most purposes usually involves 
close-tolerance components, and the free 
use of resistors froni the E24 range in the 
tone filters illustrated in these articles 
might imply that the same applies in this 
case. These values were used simply be-
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cause they were available; for most pur
poses resistors from the 5% El2 range 
should be adequate. Capacitors in active 
filters, e.g. the synthetic inductor circuits, 
should be at least 5% but elsewhere lOO!c> 
should prove satisfactory. The object is not 
to produc~ a highly precise scientific in
strument but to reproduce musical effects 
in a context where 3dB in amplitude 
(around 30%) is fortunately of little signifi
cance. 

Combining stops 
Regardless of deliberately introduced 
phase inversion fllters normally produce a 
certain amount of phase shift, usually fre
quency• dependent. With a common gener
ator system, m which the same waveform 
is split into several paths through · various 
fllters before being .recombined and ampli
fied, there is bound to be a degree of em
phasis or attenuation of particular harmon
ics in the fmal signal. This has the practical 
effect that the result of adding stops will be 
the production of a composite sound that is 
not necessarily the subjectively ex~cted 
result of adding the individual tone 
colours. The effect is most noticeable for 
stops of the same footage, and if the prob- -
lem is troublesome then various remedies 
can be used. The best technique is to have 
a multi-rank generator system in which 
there are as many ranks as stops that are 
likely to be combined~ The various ranks 
are not phase locked to each other but 
must run · independently. Whilst there are 
various technical problems inherent in this 
approach, not to mention cost, the chorus 
effect of the result can rival that of a pipe 
organ and it is worthwhile if economics 
allow. The other method, less effective but 
still expensive, is to retain a single genera
tor system but only allow recombination of 
the fllter outputs to occur acoustically 
through the use of a multiplicity of sound 
channels. Electronic "chorus" can also be. 
judiciously applied to each channel to en
hance the effect. 

The combining problem is sometimes 
exaggerated, and a cost-effective compro
mise is obtainable at minimal expense sim
ply by applying a few artistic guidelines 
when developing the specification (stop 
list) of a new instrument. In normal pipe 
organ registration, that is the art of select
ing stops to achieve a particular tonal 
effect, it is preferable to minimize the 
number of stops of the same fQOtage that 
are used. Even with the pipe organ, which 
has the ultimate in chorus effects owing to 
jts huge variety of non.synchronized tone 
sources, it is inartistic to pile tone on tone 
when one or two carefully chosen stops 
would suffice. When major tonal build-ups 
are required, this should l?e achieved by 
adding stops of different footages, .and 
exactly the same guidelines apply to an 
electronic organ of whatever sort though 
particularly if it only has a common gener
ator system. In this case, the addition of a 
4' stop to an 8' one introduces a new har
monic series that only interferes, in the 
technical sense, with half as many harmon
ics in the basic 8' tone as would be the case 
if a second 8' stop had been added. The 

resultant tone is much more realistic in 
general. The only expense involved in fol
lowing this principle is that the single gen
erator rank has to be extended upward by 
the appropriate number of octaves to cater 
·for the extra upperwork present in the stop 
list, and lhe keying system is also made 
correspondingly more complex. 

It might be thought that adjustable fllt
ers can be used in the filter design process 
to quickly arrive at a subjectively satis
factory result simply by twiddling knobs. 
A useful configuration, it might be argued, 
wquld be a resonance fllter module as used 
in synthesizers in which the tuned fre
quency and Q are independently variable 
through the use of state-variable techni
ques. This approach has been eschewed as 
it represents a return to the total empiri
cism that negates the design methodology 
outlined. If it is possible to calculate a 
frequency response, then the starting point 
should be a filter that approximates this 
response in a reasonably cost-effective 
manner. This does not disallow small 
changes to the prototype circuit to secure a 
better result, but too much dabbling will 
quickly lead the ear in a false direction that 
becomes all too obvious if an A-B compari
son is subsequently attempted. If it is im
possible to achieve a satisfactory simu
lation of the desired sound, then the 
original experimental data should be sus- . 
pected as being unreliable, and an attempt 
to obtain new data should be made. D 

Audio gain controls 
- corrections 

In Part 1 of this article by Peter Baxandall in the 
October issue, the figure shown as 2 in the p. 59 
footnote should be VT. In Fig. 16, the 
secondary of the microphone input transformer 
should, of course, be connected to the control
grid of the valve. In Fig. 1 caption "Two small 
gain controls" should read "Two simple gain
control arrangements". Fig. 3 caption should 
read "Dotted line shows noise variation .... ". · 
Fig. 6 caption should end " - varying emitter 
resistance and varying collector load resis
tance." For "equivalent" in Fig. 8 caption read 
"approximately equivalent". The caption given 
for Fig. 14 is, of course, equally applicable to 

·most of the other circuits! The Fig. IS caption 
should read "Curves showing calculated per
formance of Fig. 14 circuit for two values of 
Rb". The simplified circuit diagram of the BBC 
OBA9 microphone amplifier shown in Fig. 17' 
should have been acknowledged as taken from 
"Studio Engineering for Sound Broadcasting" 
by J. W. Godfrey. BBC Eng. Training Manual, 
pub. by Iliffe & Sons, 1955. 
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Literature 
received 
Intelligent v.d.us, namely the BH912 and 
BH920, are the subjects of two new publicati~ns 
which are available on request from Burnt Hill 
Electronics. They illustrate the terminals and 
provide data on operating features, together 
with keyboard layouts and dimensions · etc. 
Burnt Hill Electronics, Holder Rd, Aldershot, 
Hampshire GU12 4RH~ 

A folder containing a selection of data sheets on 
analogue monolithic i.cs has been sent to us by 
Pascali. Analog Systems, who manufacture the 
products described, seem to specialize in mak
ing devices with 1'out of the ordinary" specifica
tions such as an audio op-ampwith a t.h.d. of 
·typically 0.0002% and a wide-band op-amp with 
a l.SGHz gain bandwidth product. Application 
notes are included on the sheets and some of the 
other products available ~ough this distributor 
are described on the actual folder. Price list and 
"short-form" data list were also included in the 
package. Pascali Electronics Ltd, Hawke 
House, Green St, Sunbury-on-Thames, Middx 
TW16 6RA. 

Full data for the range of fixed frequency and 
tunable quadrature oscillators manufactured 
'by Frequency Devices Inc. is available in cata
logue form from their UK representatives, 
Lyons Instruments Ltd. A series of modular 
power supplies is also described in the catalogue 
which is available free of charge from Lyons 
Instruments Ltd, Hoddenson, Herts. 

Twelve articles are included in volume eight of 
the series of Chromatography Newsletters from 
Perkin-Elmer Ltd. These regular publications 
feature articles on advanced technology applica
tions in both liquid and gas chromatography, 
the latest of which can now be obtained from 
Perkin-Elmer Ltd, Post - Office Lane, 
Beaconsfield, Bucks, at no cost by requesting 
order number CHN-15. 

Solid-electrolyte tantalum chip capacitors for 
use in hybrid circuits are described in an "Engi
neering Bulletin" received from Hy~Comp Ltd. 
This two-page leaflet gives full data for the Type 
194 Midget series and is available from Hy
Comp Ltd, 7 Shield Rd, Ashford Industrial 
~state, Ashford, Middx TW15 lAV. 

Details of Evershed & Vignoles' stepping 
motors based on three different design prin
ciples, namely permanent magnet, variable re
luctance and hybrid types, are given in a six
page brochure. Specifications provided include 
holding torque, maximum pull-out torque, no
load pull-in rate, rotor inertia and physical di
mensions. The company's range of unipolar RL 
and bipolar chopper drives are also described in 
the brochure, copies of which are available from 
Evershed & Vignoles Ltd, Acton Lane, Chis
wick, London W4 SHJ. 

· Commodore have provided us with a package 
which gives comprehepsive information not 
only on their range of personal and business 
computers but also on software, microcom
puter training courses and seminars, and the 
Pet users' club. One of two "newspapers" in
cluded was the first issue of Microcomputers in 
Schools and Colleges which, although obviously 
Pet biased, should provide useful information to 
teachers and lecturers who are thinking of ac
quiring a computer for use as a teaching aid. 
Commodore Information Centre, 360 Euston 
Road, · London NW1 3BL, for details. 
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Our main illustration shows just one page from Feedback's new 

.l.J : .I. .. _; • 

Test Instruments Catalogue: a comprehensive guide to the ten test 
instruments in the renowned '600 Series: comprising function generatorS, 
variable phase generators .and measuring instruments, together with 
another six instruments which also provide the kind of periormance and 
reliability that is synonymous with the Feedback name. 

All Feedback test instruments put an emphasis on high 
periormance. and value for money, are rugged ar1d reliable, and carry 
an unconditionaltwo-:.year guarantee. Complete the coupon and. this 
important new book is free for the asking . . 

~-------~-----------~ I Please send me my free copy of the new Fe~dback Test Instruments Catalogue · I 
I . I 
I Name 1 
I Position 1 
1~m~~ I 
I Address J 

I 1 Feedback Instruments Limited. Park Road, I . . J Crowborough. Sussex. Telephone (08926) 3322 

L:-_-_-_-_-_-_-. -_-_-_-__ Te~~ep:__one __ __ _ . _.- _-=--.;..- _- _-::-;:-;wwrLJ FEEDBACK 
I ~ . ; } ' i 
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TOP QUALITY R.EBUILT TV TUBES 

Rebuilt on the most modern equipment to original manufacturers' specifications . 

*HIGH FOCUS 
* LONG LIFE 
* FULLY TESTED 
* FULLY GUARANTEED 

These top-class rebuilders cover 
the country-phone your nearest 
one now for details and prices
and first-class service . 

DUBLIN-PE Tubes 
Tel: 860547 

All these top-class rebuilders 
use plant and equipment 
manufactured by Western-Whybrow 
Engineering - acknowledged as 
the best available, and the · 
product of more than twenty 
years· experience of rebuilding 
colourtubesin U.K. and U .S.A. 
There is a constant interchange of 
information to ensure the highest 
standard of rebuilt tube. 

.rr....----------1 
\. BRADFORD-VISOR Tubes 

Tel: co274) 494340 

OLDHAM-RE-LIFE Tubes 
Tel: (061) 665 2668 

STOKE-ON-TRENT-BAREX Tubes 
Tel: co1s2) 322744 

BIRMINGHAM-TUBESURE 
Tel: (021) 558 7777 

NEWPORT-OMSPEC Tubes 
Tel: (0633) 612556 

PENZANCE-WECO Tubes 
Tel: (073 676) 2265 

__ , 
NORTH SOMERCOTES-RETUBE 

Tel: (0507) 85 300 

COVENTRY-TELETUBE 
Tel: (0203) 610977 

RUGBY-VISIONEX 
Tel: (0788) 62626 

~------------------~~ 
SOUTHAMPTON-WECO Tubes 

Tel: (0703) 36985 

WIRELESS WORLD DECEMBER 1980 65 

Developments 
in air traffic control 

Royal Signals and Radar . Establishment, lool<s..ten y_ears ahead 

An expected huge increase in the number 
of aircraft using UK airports and airspace 
(between 50% and 100% over the next two 
decades) would overload existing air traffic 
control equipment and procedures to an 
impossible degree, causing greatly in
creased delays in handling aircraft and 
consequent increases in fuel consumption 
and engine hours. The kind of display a 
controller uses means that he needs to 
carry some kind of mental picture of the 
position, height and direction of flight of 
many aircraft and attempt to predict the 
situation as far ahead as possible. Cur
rently, two to three minutes is as far as he 
can go. 

Since the late 1960s, the Royal Signals 
and Radar Establishment at Malvern has · 
been working on several projects to aile .. 
viate the pressure on controllers. On be~ 
half of the Civil Aviation Authority, sCient
ists at RSRE have evolved a system known 
.as ADSEL, which is Address-Select~ve 
secondary radar. They also have some no-
vel ideas on ways to avoid aircraft being 
inadvertently directed to fly too close to 
each other, and on methods of smoothing 
out the flow of traffic on arrival ·at and 
departure from airports. 

ADSEL 
For many years, secondary surv.eillance 
radar has been the mainstay of air traffic 
control. Its shortcoril.ings have been 

accepted in the past, but a growth in the 
number of aircraft may make it unaccept~ 
able: ADSEL is suggested as an alterna
tive. 

Secondary radar relies on · the aircraft 
under control carrying a transponder, · 
which receives pulses from the ground at · 
1030 MHz when the aircraft is in the . 
beam, and immediately responds with a 
series of pulses at 1090 MHz to form a 12-
bit code for identification purposes. (In 
primary radar, the transmitted pulse is 

' reflected from the aircraft which, inciden
. tally, necessitates a much more powerful 
ground transmitter.) During the time the 
aircraft is in the beam, it receives and 
responds to around 30 interrogations. 
Range is easily measured, since it corre
sponds to the time taken for the aircr~ft's 
response to be received, or the distance 
from the centre of the controller's plan 
position indicator (p.p.i.) tube to the 
brightened-up, coded group of responses. 
Bearing is more difficult, since the group 
.of responses is as wide as the beam, and is 

· undertaken by a computer plot extractor, . 
which attempts to find the 'centre of grav
ity' of the group by a 'sliding-window' 
technique. In a perfect set of replies, the 
centre would be aligned with the aircraft 
,and would correspond to the bearing, but 
inissed responses would mean that the plot 
extractor would determine a false 'c.of.g.' 
and give a wrong bearing; or even misread' 
the imperfect set as two aircraft. 

Missed responses, perhaps due to the 
aircraft banking and obscuring its- aerial or . 

-trying to reply to two ground stations and 
not succeeding with either, are not the 
only problem. If two aircraft are on 
roughly the same bearing and are at about 
the same slant range from the transinitter, 
their groups of replies overlap, rendering 
them unreadable, or 'garbled'. there is 
also the condition known as 'fruit', which 
is the reception at the ground station of 
replies to interrogation by other transmit
ters. These are not synchronous and are 
not, therefore, as serious a fault as garbled 
replies but, nevertheless, constitute a 
lowering in readability of the display. 

ADSEL, which is being _developed in 
parallel with a very similar American 
system, called Discrete-Address Beacon 
System (DABS) because the Americans 
refer to s.s.r. as 'beacon', avoids most of 
the above trouble by selecting the aircraft 
the controller wishes to respond. In ordi
nary s.s.r. two pulses are transmitted (ac
tually three, but that is irrelevant to this 
discussion) all aircraft being thereby com
manded to respond with their codes. In 
contrast, after first interrogating all air
craft (all-call), ADSEL's computer deter- . 
mines each aircraft's position at th_e next 
scan and transmits a uniquely coded in
terrogation when it is next in the beam, 
ensuring that only, one replies, after whicli 

· all-call is locked out. If a subseq\}erit reply 
is lost, the interrogator reverts to the all-. . 

Comparison of displays of one aircraft (4035) overtaking another (4431 ), using ordinary s.s."r. with 'sliding window', ordinary 
s.s.r. with a monopulse receiver and aerial and ADSEL. ADSEL suffers no- misses due ·to garbling and the · inonopulse- -technique 
used in ADSEL produces a gr~atly increased bearing accuracy. The track of 4431 is shown idealized. 

• 
• 

0 

0 0 

• 
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16·9 

S S R SLIDING WINDOW 
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0 

MISS 

~MISSO 
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0 
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call mode. Garble is thereby avoided and, 
since only a single reply is received per 
scan for each aircraft, the number of re
dundant responses on the display is much 
reduced. Up to four repeat interrogations 
are transmitted in the event of a missed 
response. 

The interrogation and reply include 
message bits, which could be used to 
pass instructions and the transponder to 
send information on airspeed, rate of turn, 
air temperature, etc. Interrogations carry a 
24-bit parity/address field, which ensures a 

. very low probility of undetected error in 
the presence of s.s.r. interference. 
' To complete the set of data, the target's 
bearing must be determined using the 
single reply which, since the bearing of the 

· target is indeterminate to an extent de
pending on the width of the transmitted 
beam, dictates on extremely parrow beam. 

· A technique known as monopulse is the 
answer here. Instead of a single transmitter 
aerial, a split type is used in an interfero
metric configuration. As the beam tracks 
across the target, its return signals at the 
two halves of the aerial vary in phase; only 
when the aircraft is exactly on the bore
sight (centreline) are the two signals 
exactly in phase. On reception, both halves 
of the aerial are used, in such a way that 
sum and difference signals are combined. 
Separate, logarithmic i.f. amplifiers are 
followed by a circuit which subtracts the 
log. sum from the log. difference. Since 
the ratio of the two is · the same at any 
bearing, the video amplitude is the same at 
all ranges. The position of any aircraft 
within the beam can be measured to an 
accuracy of 5 minutes of arc. , 

The increased bearing-determination ac
curacy of the monopulse t~chnique means 
that the track of an ai;craft is not a some
what irregular succession of returns on the 
controller's screen, but a smoothed-out, 
almost perfectly regular train of dots. (The 
final appearance of a target on the screen is 
not the 'raw' response, but a computer
manipulated symbol composed of a dot 
with the . aircraft's identification and 
height.) Indeed, the CAA and RSRE take 
the view that the use of monopulse alone 
would improve the quality of the display 
enough to cope with expected traffic in
creases until 1990·. 

ICR 
The current jargon for the process of using 
a compute~ to stop aircraft hitting each 
other is Interactive Conflict Resolution 
(ICR). The use of a computer to generate 
the annotated dots on the controller's 
screen is being taken further by RSRE to 
predict the future by up to 15 minutes. He 
will be provided with a 'rolling-ball' 
control to allow him to advance the state of 
play and to see which aircraft are likely to 
come into a state of conflict if they are not 
given alternative instructions. A 'menu' of 
possible changes in flight plan is displayed 
on the screen, the ideal being to choose one 
which disturbs the pilot's chosen flight 
profile by the smallest amount, since large 
changes in speed or height consume extra 
fuel and wear engiries. The controller can 
'try out' any of the possible changes and 

the computer will indicate whether the 
alteration would resolve the conflict. If 
not, he tries another possibility until the 
computer indicates "no conflict for this 
aircraft", whereupon he returns to real 
time and instructs the pilot accordingly. 
The .computer will also warn automatically 
of impending conflicts. 

Terminal control · 
Computers and v.d.u.s are also of use in 
the scheduling of aircraft on the ground, 
using data from other a. t.c. centres to en
sure that flights are not allowed to take· off 
if, by doing so at that particular time, they 
are likely to arrive at a 'pressure poinf (a 
congested sector of airspace) at the same 
time as another. The computer shows all 
such aircraft at the correct times at each 
pressure point, the display changing min
ute by minute, and allows the controller to 
determine when a flight can be allowed to 
leave without possible conflict en route. 

RSRE and CAA are at pains to point out 
that the work described is in the experi
mental stages. ADSEL is well advanced, 
several sets of equipment having been 
evaluated successfully, but even so, it will 
not be in service for ~o or three years, 
chiefly for economic reasons - it requires 
aircraft to carry updated transponders and 
ground stations to instal new interrogators. 
Re-equipment will take time and, since 
a.t.c. is international, ICAO will need to 
agree ADSEL/DABS before it can be used 
although it is compatible with s.s.r. and 
can be introduced gradually. ICR is in the 
early stages and may not be in ·service for 
ten years, although equipment working in 

. a shorter time frame may be intro.duced 
sooner than this. 

The ICR system, and other applications 
of computers to activities which involve 
safety, are responsible for a certain amount 
of psychological questioning. Some 
controllers who have used ICR in simu
lations of actual air activity have noticed a 
tendency in themselves to rely rather too 
1,11uch on the computer. If it indicates 'no 
conflicts', they find themselves a little too 
ready to believe it: they do not care for the 
feeling they have of losing part of their 
control of the situation. The University of 
Aston and the RAF Institute of Aviation 
Medicine are working with CAA and 
RSRE to investigate the effects this kind 
electronic 'assistance' can have on people. 
P.R.D. 0 
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IN ·OUR 
NEXT.-· ISSUE 
·Microprocessor 
trainer 
Designed to familiarize the 
complete beginner :with 
microprocessors, this small 
unit with hex keyboard and 
sb:<-digit display nevertheless 
has enough facilities to be
come a useful tool later . on. 
The circuitry contains 9 i.c,s on 
one double-sided· p.c.b. with 
storage of 4Kbytes of 
e.p.r.o.m. and over 1 Kbyte of 
r.a.m. 

Off-air /' 
frequency 
reference 
This instrument provides a 
10MHz signal phase locked to 
the BBC's 200 kHz Radio 4 
Droitwich transmission. Mod
ifications are available to allow 
for the eventual change of the 
transmission to 198kHz. The 
reference comes from a 
10MHz crystal oscillator tuned 
via a varicap diode from the 
error signal in a phase locked 
loop. 

Multiplex 
keying for. 
organs 
A technique for flexible control 
of pipe or electronic organs 
through time-division 
multiplexing. Not only does it 
eliminate a lot of the drudgery 
of repetitive wiring but also 
allows use of hitherto imprac
tical features in small organs 
such as mixture stops, 
transposition and pizzicato 
effects. 

.On sale 
17 December 
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Test your knowledge 
Multiple-choice quiz for students and circuit designers 
by R. W. Ellingha~ and B. L. Hart North East London Polytechnic 

1. A low power bipolar junc
tion . transistor operates at a 
temperature 'of 26°C in the for
ward active mode at a collector 
current of 1.5 mA. The mutual 
conductance in mS is approxi
mately 

(a) . 20 
(b) 40 
(c) 60 
(d) 80. 

+12V -----4~--

2:· The junction f.e.t. shown 
has an ideal .square-law mutual . 
~haracteristic with loss 4 rnA, Vp 
(pinch-off voltage) -4 V. The . 
f.eJ. enters the pre-pinch-off 
state when V1, in volts, reaches· 

(a) · 6 
(b) 8 
(c) 10 . 
(d) 1.2. 

:· 3. Assertion: When a bipolar 
function transistor is operated 
in the saturated mode the mag
r:litude of the collector-emitter 
voltage must always exceed 
zero, because 
· Reason: the operation of a ·· 
bipolar device depends on the 
existence of two polarities of 
carrier. 

(a) both assertion and 
reason are true state
ments and the reason is a 
correct explanation of the 
assertion 

(b) both assertion and 
reason are true state
ments but the reason is 
not a correct explanation · 
of the assertion 

(c) the assertion is true. but 
the reason is a fals~ state
ment 

(d) the assertion is false but 
the reason is a true state
ment 

(e) both assertion and 
reason are false state
ments. 

The figure shows five ways in 
which the leads of a monolithic 
integrated circuit transistor can 

·y ·:u 
+ A . .,. B 

- -

3JY 
+ C + D 

y 
4. For medium and high cur

rent levels the highest forward 
.conductance is exhibited by 
connection 

(a), (b), (c), (d) or (e). 

5. For a given forward current 
and specified reverse current 
the connection exhibiting the 
small~st minority carrier stor-
age time is · 

(a), (b), (c), (d) or (e). 

A is always operated positive 

with respect to B 

6. The diagram represents a 
cross-section of a monolithic in
tegrated circuit structure. The 
element between the terminals 
A and B is designed to function 
primarily as a 

(a) resistance 
(b) .diode · 

(c) capacita~ce 
(d) silicon controlled rectifier 
(e) lateral transistor. 
A is always operated positive 

with respect to B. · 

+5¥·----------
10k 

7. For the circuit shown the 
transistors both have hFE > 100. 
Assuming that the forward 
voltage drop ofthe base-emitter 
junction of a conducting tran
sistor junction may be taken as 
zero volts, the approximate 
value of v0, in volts, is 

(a) +5 
(b) +2.5 
(c) -2.5 
(d) -5 
(e) -10. 

8. The circuit arrangement of a 
· simple voltage stabilizer is 
shown. For the 200mW zener 
diode Vz is 5V and for the tran
sistor fc//9 =10. The maximum 
current in the load RL, in rnA, for 

67 

which the load voltage 'is stabi- < 
lized is 

.(a) 90 
(b) 100 
(c) 110 
(d) 150 
(e) 165. 

9. In the voltage stabilizer cir
cuit a load current in RL of 99 
rnA is switched on for 1 ms and 

·.off for 1 ms continuously. The 
mean power is dissipated in the 
zener diode under these condi
tions, in mW, is approximately 

(a) 55 · 
(b) . 50 
(c) 27 .5 
(d) 25 
(e) 22.5. 

10. The · circuit shows two mo
nolithic transistors in a current · 
mirror configuration. The emit
ter area of Tr1 is · A units, · 
whereas the emitter area of Tr2, 
which has two separate iden
tical collector regions with out
put terminals at X and Y, is 3A 
units. The current 10 at terminal · 
X, neglecting transistor base 
currents, is 

(a) //3 
(b) //2 
(c) 2//3 
(d) I 
(e) 3//2. 

11. Assume the monolithic 
transistors are identical. For 
each device the d.c. behaviour 
is completely specified by 
llcl=ai/EI· In terms of /,the col
lector current of Tr1 is 

oil 
(a) (1 +a) 
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I 
(b)-. 2 

I 
(c) (1 +ex) 

(d)~ 
2 

2cxl 
(e) (cx+2f 

12. The amplifier shown has a 
voltage gain Av= Vo/Vi=9L180°. 
The effective input capacitance 
Ci, in pF, is 

(a) 20 
(b) 65 
(c) 100 
(d) 105 
(e) 110. 

13. An amplifier of nominal 
gain A=1000 has negative feed
back applied so that the gain 
with feedback A' has a nominal 
value of 100. The feedback is 
constant. If A increases to 1500, 
A' is 

(a) 103.4 
(b) 105 
(c) 125 
(d) 133.3 
(e) 150. 

14. An amplifier consists of 
three identical stages in cas

. cade. Each stage has a voltage 
gain Gat any frequency f (MHz) 

10 
G=- 1+j10f . 

A real positive fraction B of the 
output voltage is fed back to the 
input circuit to reduce the 
overall gain at low frequencies. 
The value of B required to pro
vide a gain margin of 12 dB is 

(a) 0.001 
(b) 0.002 
(c) 0.004 
(d) 0.008 
(e) 0.016. 

Log frequency f1 

creased the three-stage ampli
fier will 

(a) remain unconditionally 
stable 

(b) oscillate at a frequency f1 
(c) oscillate at a frequency · 

less than f1 
(d) oscillate at a frequency 

greater than f1 
(e) oscillate at frequencies 

less than and greater 
than f1 

1 6 . Ass u m i n g e-ach of t h e 
operational amplifiers to be 
ideal, the ratio of the incremen
tal voltages, V2/V1, in the circuit 
arrangement shown is 

(a) +54 
(b) +45 
(c) -45 
(d) -50 
(e) -54. 

17. The operational amplifier in 
the circuit arrangement shown 
is ideal and 

c2 > R, 
C, R2 

The frequency response 

IAvl~~~(jro)l 
approximately as shown at A, B, 
C, D or E. 

{~~ 
Frequency 

A 

c D 

18. In the basic circuit of a · 
chopper amplifier shown, if 
CR» T, where T is the period 
.during which the contacts of the 
switch S are open or closed, the

1 

·output voltage E0 is approxi-· 
mately 

ME 
(a) · -

9 

ME 
(b)-9 

ME 
(c) 4 

ME 
(d) 4 

Perfectly matched bipolar junc
tion transistors are used in the 
emitter-coupled amplifier 
shown and v1, v2, v3 and v4 de
note incremental voltages. As
sume KTq=25 mV, where K, T 
and q have their usual 
meanings. 

+Vc.:..,c _......_~~------~---

2k 2k 

19. If v1 =- v2=0.5 mV the dif-
ferential output voltage v3- v4, 

',in mV, is approximately 
(a) 0 
(b) 80 
(c) -80 
(d) 160 
(e) -160. 

20. If v1 = v2= 1 mV the differEm~ 
tial output voltage v3 - v4, in 
mV, is approximately 

(a) 0 
(b) 160 
(c) -160 
(d) 320 
(e) -320. 

21. If v1=1 mV and v2=0 the 
single-ended output voltage v4, 

in mV, is approximately 
(a) 0 
(b) 80 
(c) -80 
(d) 160 
(e) -160. 
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23. In the parallel tuned Circuit 
shown the capacitors are loss
free and the effective parallel 
loss resistance of the inductor l 
is 90 k!l. So that the connection 
of a load resistor, resistance 
10k!l, between X and Y results. 
in a resonant circuit Q factor of 
one half of the unloaded value, 
the ratio of the capacitance of 
C1 to the capacitance of C2, is 

(a) 1/3 
(b) 1/2 
(c) 2 
(d) 3. 

24. For the transistor used in 
the single-stage narrow-band 
tuned amplifier shown · 

y11 =(0.6+j7.2)mS y12=j0.2 mS. 

The coil is tapped at 2n1 = n2 
turns. For neutralization of the 
stage the value of the admit
tance Y, in mS, is 

(a) 0.6-j7.0 
(b) j0.1 
(c) -j0.1 
(d) j0.4 
(e) -j0.4. 

25. The mean square open-cir-
. cuit thermal noise voltage gen
erated between the ends of a 
resistor R at absolute tempera
ture T in a bandwidth of 1Hz is 
directly proportional to the pro
duct of R and T. The thermal 
noise power dissipated in two 
equal resistors in parallel at 
temperatures of 300 K and 330 
: K exceeds that in the two resis
.tors at the same temperature of 
300 K by 

(a) 1% 
(b) 2112% 
(c) 5% 
(d) 10% 
(e) 15%. 
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internal impedance. If the only 
noise generated within the am
plifier is thermal noise in the 
input resistance the noise figure 
of the amplifier, in dB, is ap
proximately 

(a) 0 
(b) 1 
(c) 2 
(d) 3 
(e) 6. 

28. In the amplifier of the 
previous question the internal 
resistance of the signal source 
is decreased without change to 
the signal e.m.f. The effect on 
the signal-to-noise ratio at the 
output . of the amplifier is 

Vj 

(a) an increase 
(b) no change 
(c) a decrease 
(d) indeterminate. 

R1 

c, 

R2 

j,, R3 
c2I 
c3 

~ 

J-
~ 

~ 
29. If Yj(t), for the circuit shown, 
is a positive-going voltage step 
and C1 is adjusted for the condi
tion C1'(R1 +R2)=(C2+ C3)R3, then 
the shape of the output voltage 
waveform v0 (t) is most closely 
rep!esented by A, B, C or · Q. 

30. Assume the transistor and 
diode have the characteristics 
of perfect switches. When the 
transistor is abruptly switched 
off, from a state of saturation, 
the initial current in the diode· 

3L The satura.ted transistor 
maintains a steady 0.5 A in the 
relay coil till the transistor is 
abruptly cut off. Ignoring carrier 
storage and depletion layer ca
pacitance effects, and assuming 
the voltage drop across the 
diode when conducting, is con
stant at 1 V, the minimum col
lector-emitter voltage rating to 
prevent breakdown is 

(a) 16.0 
(b) 18.5 
(c) 21.0 
(d) 28.5. 

Vc t 10 n 

I 
32. The type 710 comparator 
used in the-- astable circuit ar
rangement shown has Vh 3.3V 
and \II -0.6V. The amplitude of 
the voltage waveform Vc, in . 
volts, is 

(a) 0.9 
(b) 1.3 
(c) 1.8 
(d) 2.6 
(e) 3.9. 

R2 .. 

~ -2V 

33. In a majority logic gate, cir
cuit arrangement as shown, 
each input A, B, C can be either 
0 V or 5 V. The m~ximum ratio 
R,: R2 to ensure V0 is high when 
any two inputs are at 5 V is 

(a) 18 
(b) 13 
(c) 12 
(d) 6 
(e) 5. 

Bk 

decays with a time constant 34. the Schmitt trigger circuit 
(a) CR~ shown includes an integrated 

22. An emitter-coupled· ampli- ( ) circuit comparator, C
0

, which 
fier has a differential gain mag- (b) c R

3
+ R, R2 has the d.c. transfer characteris-

nitude of 1000 and a common- 26. In the circuit arrangement · R1+R2 tic given. Neglecting the input 
mode rejection ratio of 100. For shown the resistance of R is current to the comparator, the 
input voltages of 1.1 mV and 0.9 doubled, the capacitance of C is (c) C(R1 + R3) upper trip current level in rnA 

magnitude of the differential both components is un- (d) c R + 1 3 ·· (a) -1 
mV a possible value for the halved and the temperature of ( R R .) on the waveform ig(tL is 

output voltage, in mV, is changed. The r.m.s. value of the 
2 

R, +R3 , (b) +1.5 
15. The frequency response of · . (a) 200 noise voltage developed across (c) +2 

In the voltage-controlled oscilla
tor circuit shown, transistors Tr1 
and Tr2 are closely matched. 
The conducting state of the sa
turating switching transistor Tr3 
is controlled by the output of 
the Schmitt trigger circuit, ST. 
The controlled current source is 
variable over the range 200~ · 
to 2mA and the upper and lower 
trip levels of ST are 3V and 1V 
respectively. 

36. The maximum frequency of 
oscillation, in kHz, is 

(a) 5 
(b) 10 
(c) 25 
(d) 150 
(e) 100. 

37. The minimum frequency of 
oscillation, in kHz, is 

(al 5 
(b) 10 
(c) 25 
(d) 50 
(e) 100. 

-Vee 

38. For the integrated-circuit 
current switching logic scheme 
shown the input voltage logic 
swing is ±0.5 V about the refer
ence potential applied to the 
base of the associated tran
sistor of a long-tailed pair. Us
ing the positive logic conven
tion the output, W, in terms of 
the inputs X, Y, Z, is 

(a) W=XY+YZ 
(b) W=XZ+YZ 
(c) W=XY+YZ 
(d) W=XY+ YZ 

each of three cascaded ampli- (b) 210 the terminals will +15v (d) +3. 
fier stages is shown. The (c) 220 (a) increase by a factor of 2 r +l5V 

:~:p:~t~~~~ea~~ ~~ed:c~:~~s~ ~~: :~g (b) ~~rease by a factor of +lo:..:..v __ R .... ~-- - • ~~·es~~~~~r;~~ ~~~:~~ri:~:~ir~~~ ~-T: 
dB/octave and each stage intra- (c) not change w level, in mA, on the waveform ~ 
duces a phase Inversion at the D (d) decrease by a factor of 2 L ;

5 ig(t) is J 
frequency f1. Overall feedback ~ (e) decrease by a factor of (a) -1 t-----r---<o 
(real positive feedback fraction) L ~x • v2 -, r;_____] · (b) -0.5 1i 
is introduced. As the feedback ' C2 . ·: 27. An amplifier is matched to a ~r1 (c) 0 r~L lOOp 

L_~f~ra:c:t:io:n~:is~p~r~o~g~r~es:s:iv:e:l~y~i~n~-~--:_-===~~=====:------~------~----~-====:v __ ~~~s~ig~n~a~l:so~u~r~c~e~o~f~p~u~r:e~ly~r~e:s:is:ti:v:e ____ -} _____________ .~_2;6~"========~~1_~. 1~~~:_· ~:j~~:5~----------~--_j---======= ~ 

s9 

·39. A c.m.o.s. inverter stage is 
shown in which device leakage 
currents may be ignored and 
inter-electrode capacitances are 
negligible compared with the ' 
load capacitor. The power dissi
pation in the stage, in ~W when 
the input switches between 0 
and v+, at an operating fre
quency of 10 kHz, is approxi- ' 
mately 

(a) 56 
(b) 113 
(c) 225 
(d) 450. 

40. Transistor Tr2 is on, Tr1 is 
off, and d.c. conditions prevail. 
At t=t ', Tr2 is assumed to · 
switch off instantaneously fol
lowing the application of a suit
able step voltage at its base. 
Assertion: If the collector-base 
capacitance of T2 is ignored Vx 

does not change when T2' 
switches off, because 
Reason: vx·=o for t<t' and there 
is no collector current in Tr2 for 
t~t'. 

(a) both assertion and 
. reason are true state
ments andthe reason is a. 
correct explanation of the 
assertion . 

(b) both assertion and 
-reason are true state~ 

ments but the reason is 
not a correct explanation 
of the assertion 

(c) the assertion is true but 
the reason is a false state
ment 

(d) the assertion is false but 
the reason is a true state
ment 

(e) both assertion and· 
reason are false state
ments. 0 

Solutions will be published in 
the April issue. 
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Designing with microprocessors 
( 

6 - Illustrating a test-and-skip system 
.bY D. Zissos and Laurelle Valan 

Department of Computer Science, University of Calgary, Canada 

The previous article in the October 
issue described step-by-step 
·procedures for the design and 
·implementation of microprocessor
based systems using the test-and
skip mode. The authors now go on to 
·illustrate these steps by means of a 
fully worked out example of a printing 
operation. The implementation 
assumes either the Intel 8080 or the 
Motorola 6800 microprocessor. 

The problem chosen for illustration is to 
design and implement a test-and-skip 
system that would allow the programmer 
to produce a hard copy of data, which is 
stored in consecutive memory locations. 
The problem requires the use of an action
/status printer and either the Intel 8080 or 
th~ Motorola 6800 to implement the de
sign. 

Solution 
Our first three design steps are independ~· 
ent of the microprocessor, and therefore 
are comnwn to both solutions. 

Step 1: aim of the design. The aim of the 
design is to expose the inexperienced 
reader to uncomplicated procedures for 
designing and implementing microprocess
·or-based systems using the test-and-skip; 
mode. 

Load starting address 

Load block length ( n) 

Read printer status ( r l 

No 

PRINT 

Point to next byte 

n: =n-1 

Software 
waiot 

Fig. 1. Step by step operation of a test-and-skip system 
used to PRINT. 

~Start of cycle 

1-------\y<:--------1~ 
!.#---~--..... 

Dato -------t-------t-a::s.s~===~ from m.p.u 

DBE=¢2--------..... 

~ Data not valid 

IVIidrang<; waveform indicot~s 
high impeoonc.~ !>tatt 

Fig. 2. Read data from memory or peripherals - M6800. 

Start of cycle 

¢' ___ q~----t"(_c~~~~~~---:-_:Jr-

R~: ---''-i--~-~-----1~ 't= 
Addre~!> ~ I__ 

from mp.u. ~ ~ 

VIVIA i~ I~ 

Data from i ~·, i' rnt:mury or ---------------d""'""]_....._ ___ .... 
p~rtph~rals 

~ Data not valid 

MidrangE; wavetorm indicate~ 
high impedanc.~ otate 

Fig. 3. Write data in memory or peripherals - M6800. 
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Step 2: device characteristics. The termi
nal characteristics of our printer are shown 
in Fig. 6 of Part 5 in the October issue. 
Step 3: system design. The block diagram 
.of our general solution was shown in Fig. 7 
in the October issue. Its step-by-step 
·operation is flowcharted here in Fig. 1. we· 
shall use index addressing to retrieve each 
character from memory. Addressing 
modes have been discussed in Part 3 in the, 
August issue. 

6800 Solution 
Step 4: hardware d~sign . The i/o signals 
of the Motorola 6800 l1re shown in Figs. 2 
and 3. Reference to these figures shows 
that our In signal in Fig. 7, October issue, 

(is generated by Anding VMA and RIW, 
the outputs of pins 5 and 34 of the 6800 
chip. Similarly our Out signal is generated 
by Anding VMA with the inverted form of 
RIW. Note that line RIW is high during a 
read operation and low during a write 
operation. The interface hardware consist
ing of two And gates and an inverter is 
'shown in Fig. 4. 
Step 5: software design. Our program
ming model is shown in Fig. 5. Memory 
location 10 on page 20 is used as a counter, 
and the first byte is stored in line 40 of the 
same page. 

By direct reference . to our programming 
model in Fig. 5 and to the M6800 instruc: 
tion set, reproduced in the previous arti
cle, we derive the hex listing of our test
and-skip software - see Table 1. 

8080 Solution 
Step 4: hardware design. The i/o signals 
of the Intel 8080 are shown in . Fig. 7. 
Reference to this figure shows that our In 
and Out signals in Fig. 7 of the October 
issue are generated by Anding INP with 
DBIN and WR with OUT. The interface 
hardware consisting of two And gates and 
an inverter is shown in Fig. 7 here. 

Note the similarity between the 8080 
and the 6800 hardware implementations. 
The almost-identical nature of our solu
tions applies to all present-day micropro
cessors and to all their modes of operation, 
as we shall be demonstrating in future 
articles. 
Step 5: software design. Our program
ming model in the case of the Intel 8080 is 
shown in Fig. 8 Microprocessor register C 
is assumed to be available to be used as a 
counter. The first byte is stored in line 40 
of page 20 in memory . 

By direct reference to our programming 
model in Fig. 8 and to the Intel 8080 in
struction set (shown in Table 2), we derive 
the hex listing of our test-and-skip soft
ware. It is shown in Table 3. 

The next article will deal with wait/go 
systems. 

73 

Table 3: 'Hex listing of the PRINT problem when impiemented using the test-and-skip mode 
and the Intel 8080. 

Hex Hex Mnemonics Comments 
address listing 

1000 21 LXI HL Set memory pointer :to 
01 40 line 40 on page 20 - location 
02 20 of the first byte to be p·rinted 

03 OE MVI C Load register C with block 
04 n length (n) 

05 CA JNZ Jump to L1 if n=O 
06 16 
07 10 

L2: 08 DB IN Read printer status 
09 60 
OA 07 RLC Rotate left through carry 
OB 02 JC Jump to L2 of carry 
oc 08 flag (printer not ready) is 
OD 10 set 

OE 7E MOV,A, M Move into A next byte to be printed 

OF 03 OUT PRINT 
10 61 

11 23 INX HL Point to next byte .in the block 
12 ob OCR C . Decrement byte count (held in C) 
13 C3 JMP Jump to L2 
14 08 
15 10 

L1: 16 76 HLT Stop 

~----------------------------------------------------~a 

r A60 

I ito port 
r-:..,_ 

tlltlll Ill L Pr1nter Ill QJ 
<IJU 
L 0 

~ u u 
u QJ 

Intel 8080 4u Other 
signals 

TT 
A60 

~------------------~------------------------------~----~~~~~, 
~------------~~~+-------------~------------------~----~our]~ 

06 

17 

04 

18 ~ >o------~._-----------------------------------.WR ~ 

Fig. 7. Interface hardware of the PRINT problem using test-and-skip and the Intel 
8080. 

Page 20 -- ,....--

H 

40'1 LXf 
39 MOVAM Out MYI Printer .n- c 2oJT2ii First byte A 

(OE) 41 Second byte 
(?E) (03) 

., 

L Last byte-

'-----' - -
MEMORY 

Fig. 8. Programming model for the PRINT problem using the Intel 8080. 
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Floppy disc system for the 
scie tific computer 2 

Interfacing a disc drive to the controller 
by J. H. Adams, B.Sc., M.Sc. 

This interface has been designed to 
operate with the Data . Recording 
Equipment model 7100 Sin disc drive, 
but should be easily adapted to suit 
others. The main advantage of an Sin 
drive over a 5%in system is its greater 
storage capacity, 77 tracks of 
3Y4Kbytes each using the IBM format 
described in part one, compared .with 
35 tracks of 21f4Kbytes each. The 
disadvantage is greater cost. This 
concluding article describes how the 
drive is matched to the floppy-disc 
controller, and illustrates the salient 
points to check when considering 
other drives. 
Whichever drive is used, the length of the 
cable, flat or twisted pairs, between · the 
drive and the interface must be kept as 
short as is reasonably possible, and 
separate from the power cables. Each 
power cable should have its own return 
and there must be a good connection 
between the frame of the drive and the case 
of the computer. 

When considering the signals to and 
fr~m the drive, their polarity and timing 
must be examined. Most drives use the 
active-low principle for their inputs and 
outputs, i.e. a true state is logical zero 
(represented by O~V~0.4V) and a false 
input is logical 1 (represented by 
2.5V<V<5.25V). Open collector drivers 
are generally used for outputs, and low 
value pull-up resistors on the inputs 
provide a full SV swing and keep the line 
impedance down, both of which improve 
noise immunity. One implication of this 
arrangement is that, to pull a line to zero, 
the driving device will need to sink the 
current supplied by the receiving gate and 
by the pull-up resistor, typically 40mA. 
For a logical 1, no current is required from 
the driving device. The controller i.e. 
signals are mostly active-high, so invert~ 
are used as receivers on all inputs except IP 
(index pulse) and WPRT (write protect), 
and 2200 pull-up resistors are used with 
high current-sinking, inverting, open
collector drivers on the five active outputs. 
If a drive with some active-high inputs is 
used, the equivalent non-inverting buffers, 
7407, or pairs of 7406 in series must be 
used. Note that ordinary t.t.l. is used for 
driving the interface cable because the L 
and LS series do not have the required 
current-sinking capacity. Table 3 gives 
some timing information for the 5 Y4in 
drive, the 7100 and the WlH~~7J 
controller. 

When used with an 8in unit, the 
WD 1771 must be clocked at 2MHz, whilst 
with a 5 Y4in disc 1MHz is used. This is 
necessary to meet the standard. data rates 
used for the two sizes, and results in the 
doubling of all pulse timings for the i.e. 
when used with the smaller disc. There are 
other timing requirements conne.cted with · 
the application of power and selection of 
the drive, but these can · be allowed for in 
the programming ·of the computer. 

Stepping time 
Most drives offer the option of keeping the 
head permanently loaded against the disc. 
This speeds operations ·by eliminating 
head-loading delay, but does increase wear . 
on the head and disc. In this operating 
system, the head is only loaded when 
necessary which is usually after it has 
stepped to the track required. Settling 
time is irrelevant if it is less than the head 
loading time. The interval between 
stepping pulses is programmable by the 
bottom two bits of the Step instruction 
byte as described on page four of the data 
sheet. With the 7100 drive the fastest 
(6ms) rate can be used, whereas with the 
5%in unit, the drive can only just keep up 
with the slowest stepping rate. Stepping 
rate is probably the most critical timing 
factor because if a drive cannot step as fast 
as the controller's slowest rate, the two are 
virtually incompatible. 

Stepping pulse 
Virtually all drives can step on the pulse 
provided by the 1771. However, one 
exception found by the author is an 
obsolete version of the 7100. As this unit 

Table 3. Timing information for disc drivers 
and the controller. 

5%in drive 

Track to track 40 + 1 Oms 

WD1771 
@ 1MHz 

programmable 

may still be available, the interface has 
been designed to operate with it and the 
current version. 

The obsolete 7100 . is most easily 
recognised by the absence of three . d.i.l. 
sockets and header plugs next to the edge 
connector on the p.c.b., and the presence 
of two power resistors and three power 
transistors instead of one resistor ~d four 
transistors near the opposite corner to the 
edge connector. To allow compatibility, a 
monostable stretches the stepping pulse to 
lOJ!S. . . 

Head-loading time 
Ten milliseconds after the HLD (Head 
Load) output of the controller becomes 
active (20ms for the 5 Y4in disc), the HL T 
(Head loaded test) input is sampled and 
when it is low the controller proceeds. If 
the combined loading and settling time for 
the head is less than lOms, this input can 
be wired low. If_ the disc-drive electronics 
provide a head-loaded and ready signal, 
this can be connected to HL T. If neither is 
true, as it is for both of these drives, HLD 
should trigger a monos table to produce the 
necessary delay before HL T becomes low. 
Because most drives will need this 
monostable if they are to be used with the 
head normally un-loaded, it is important to 
establish the total delay before the head is 
ready for use, i.e. the loading and settling 
time. Note ·that one value cannot be 
inferred from the other by comparing the 
stepping rate figures for the two drives. 

Drive opt_iohs 
Most drives offer Wiring options, and iii 
this system one for direct control of head 
loading by the controller is used. To select 
this option on the current model, remove 
the link joining pins 13 and 14 on plug PP2 
(the middle one of three referred to earlier) 

ORE 7100 
Sin drive 

4 + 14ms 

WD1771 
@ 2MHz 

programmable 
stepping + to 12, 20 or 40ms to 6, 10 or 20ms 
settling times 

Stepping 1~-ts min. 
pulse width 

Head load and 75ms 
settling time 

HLT sampled after 
20ms, therefore 
monostable is 
required 

600ns 
- - (10~-ts on older 

units min.) 

30ms HL T sampled after 
1 Oms, therefore 
monostable is 
required 

WIRELESS WORLD DECEMBER 1980 

and join pins 3 and 14 . together. On the 
obsolete version, remove the short wire 
link joining the ppints marked HL and SI 

· and connect a wit~ · from· HL to the pad at 
the end of the p.c.b. track coming from 
the edge connector tab ·n·umbered 18. 

This change allows dre controller to · 
drive the head-load circuit through the 
previously unused pin 18 on the edge 
connector. The current and obsolete :units 
should now be interchangeable. 

System software 
The software in table 4 is not a full disc 
operating system, · but it illustrates . the 
basic functions required to position the 
head, read · and write records of any length 
from 128bytes to 256Kbytes with error 
checking, and to re-format corrupted 
tracks. With the drive and interface 
connected to the computer, move the head 
towards the centre of the drive by turning 
the stepping motor by hand. Apply mains 
to the motor and then switch on the 
computer. Put a disc into the unit and 
close the door . . If the system is working, 
the head should quickly step . to the 
outermost track 00 because the charging 
delay, caused by the RC network on pin 19 
of the controller i.e., holds that pin 
(master reset) momentarily low in a similar 
way to the circuit used on the Z80. One of 
the actions which takes place during the 
resetting sequence is a · Restore command, 
which moves the head out in this way. · If it 
doesn't, check that the wiring is correct. If 
it steps out but does not stop, check that 
the track 00 line from the drive to the 
controller functions. With the software 
loaded, RUN lDOO and . then READ 
space. In response· to the prompts 
DESTINATION: TRACK: · SECTOR: 
NUMB_ER OF SECTORS: type 8200 ·40 
space 0 . space . 8. space ·respectively. The 
head should 'move in to ttack 40 and load· 8 
sector~ (1Kbyte) of data from the disc~ 
starting with sector 0 to computer 
locations 8200 to 85FF, i.e. onto the v.d.u. 
With the IBM formatted disc, these should 
appear as percentage or. proportional 
symbols. 

At the end of the read, which should 
take less than one second, the head should 
release from the disc and READY occur. 
If a reading error occurs, the computer w:ill 
attempt tore-read the _ particula~ sector up 
to twenty times. A corrupticm should be 
evident by n,1bbish ,appearing on the 
v.d.u., the contr9ller recognises it by 
computing the CRC from a permutation of 
the data from the sector and comparing it 
with the pre-recorded CRC. Each sector 
takes up two lines on the v.d.u. If the 
corruption ·begins in a line. and . keeps 
changing, the data is corrupted. If the 
reading process seems to stop at the end of 
a line, the controller is having trouble 
recognising the ldent Field for the track or 
sector and, therefore, the track needs to be 
re-formatted (described later). With an 
undamaged disc most reads are successful · 
first time, but if the operation fail's 'for the 
20 times that it is attempted, the. message · 
ERROR AT TRACK XXX SECTOR 
XXX appears. To force an error into the 
system and observe this feat~re_, __ try 

1 D00 ED SE . 3E 1 D 
1D10 D3 Af: FB 76 
1D20 12 212 2L CD 
1030 0E 3A .~0 1 D 
1Dil0 57 1E 18 F9 

· 1 D 50 0 5 3A 2 ~ 1 D 
1D60 F 3 · 1 D 3E 57 
1D70 EC 1A 2F D3 
I D6 0 C t:· 1 E , 7 9 3 2 
I D9 0. 0 6 0 6 3 6 ((; ~· 

1DA0 FB 1 1 0 I 38 
1DB0 72 23 36 ~0 
1DC0 00 23 ll FB 
I DD0 2 3 I(; 6 I 8 3 t: 
1DE0 23 1e· FB C7 
IDF0 72 F9 ID E7 
1 Ere 0 Ill 1 2 0 1 e 3 
lE10 ~~3 CD 61 ~2 

1E20 DD 71 01 CD 
1E30 ~F ~t c0 13 
1Ell0 DD 71 0~ CD 
1E50 ES 21 00 ee 
lE60 A0 FE .7(; EE 

-• E 7 e u rz 2 k:: s 1 2 
lE80 2e• 1 D DO 7E 
1 E9 0 0 F 1 2 2~ 1 D 
l'EA0 ~0 12!0 DO 3ll 
1EB~ DD 3Ll 00 3E 
1EC0 7E e 1 ~F C·3 
IEDe· ll7 79 l-7 LlF 
lEEE · EB 7r;;_ ~3 71 
lE.Ff.: e5 Ll~ DE E.Ll 

Table 4. System software. 

ED '-17 DD 21 
76 ~· 8 7(:; FE 
El 02 ~ll ~·5 

CD DE 12.3 CD 
FE 1 7 21C 3 3 
CD DE 03 CD 
03 .A~ FB 7f:. 
B8 1 3 FB F9 
A3 I D 21 0'-' 
23 1~ FB 3(' 

· ~E lA 06 ~t: 

23 73 23 36 
3E F B 2 3 ~ t 
FF 23 1 ~ fB 
FF FF FF DB 
I D DB 1 D 18 
0E· 3A 20 I D 
1305£31Ll 
Ct. fZ· 3 CD 61 
e:s ~3 14 £r 
B9 1 E 3E EB 
39 D I C9 3 2 
16 28 3LI D1 
1 2 0 F 1 2 2L 
(;f6 CD DA IE 
DD 7E 01 CD 
01 DD 7E 01 
f13 G3 1\k.: F B 
Ek.- C9 7( EE 
C£7 07 81 8(£ 
23 77 23 EE 
lb F 7 FE U1 

Table 5. Software subroutines. 

- Ell 1 D [:B !£;· 5 
20 20 FE r68 
1 3 Ill 09 0 E 
Cf 03 CD FD 
CD El 02 13 
C(:; 03 CD FD 
3E FS Cl. Cl 
76 12. ED FE 
CL· {£;(. 28 3E 
FC 23 0E lA 
3f L:e. 23 10 
u:, 23 3E: F7 
80 3t E5 23 
1 C 12. D 20 CA 
I D 2F I 2 1 3 
F 3 DB k: 5 2r 
CD C6 1 E. u:.~ 

L F 12 3A 20. 
~· 2 k:•E 15 ~D 
12 13 3A 2e 
C3 A~ F5 7(; 
J-3 10 lc.f Ill 
3E 73 10 f2 
~~ 14 2~ Ill 
CD t:·1 k:2 2~ 

DA 1 E C7 Cl 
FE 1B ~0 0D 
7( LC 7E ~- b 

U· '-lF 7(:; . FE 
18 EF C5 CD 
C 1 C9 ~t 3k. 
36 ~ 5 l c [ •( 
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LB IL 3E Ff 
CD Cf ~3 FE 
01 lil ~9 {(;f 
ID 3E E.7 CD 
eF 15 lf. 03 
1 D 3E 71 32 
CD 57 IE 18 
"'t 2 e 6ll c n· 
FF 23 · 1~ FB 
3t FF 23 lk:J 
FB 3t: FE- 23 
r3 fiE: 11 3E 
1 ~ f E 3E f 7 
~t ~· k.. 3f FF 
I-b F9 . 7E lf.S 
C9 CD fl e. 2 
71 00 CD Cc 
1D CD Ct. lE 
02 _ ~ .. s 12 2k.l 
'10 CC Ct. lE 
Et 18 20 F 6 
3E 77 D5 . D3 
11 s~ 82 cD.. 
~~ e1 ~3 k..B 
13 f-5 k:J3 14 
DD 35 e2 CA 
L-D 3( L:l ~1 

2F D3 88 LL 
C.IGI C8 Et: ~F . 

EA IE Ct 3~ 

ll6 F E f Ll 38 -
Ui 18 F 7 C9 

1 DF9 Used in READ and WRITE to convert the typed in track number, sector number and 
. number of sectors from decimal to binary, and then dump them into locations 1 DE4 
to 6 respectively using the index register. These bytes are then sent to the control
ler, which is then told to step into this track and, by reading an indent field, verify 
that the head is over the correct track. Also, by reading the CRC, verifies that the 
track number has been correctly read and does not match the track register's 
contents by chance. The data destination/source address is transferred from HL to 
DE and, by clearing HL and adding SP to it, the contents of the stack pointer register 
are loaded into HL. 

1E57 Used in READ and WRITE. On entering this routine, the A register holds a byte 
which is dumped at 1 DF3 to be used by a DRO interrupt as the lower part of the 
interrupt routine -address (1 DE7 for READ, 1071 for WRITE, 1 DF5 for VERIFY 
WRITE). 2010 is loaded into Band DE, which holds the destination/source address, is 
saved on the computer stack in case a re-read or -write is necessary. The controller 
is then instructed to read a sector of data to that and succeeding locations. After the 
read, at 1 E63, a check is made for the correct CRC and for the existence of the track 
and sector. If no faults have occurred, execution jumps to 1 E9B where the saved DE 
is discarded from the stack into BC and, using indexed operations, the number of 
sectors byte is decremented. If this operation sets the byte to zero, an exit is made 
because the READ is complete. Otherwise, the sector and, if necessary, the track 
number are updated for the next sector to be read, the information is sent to the 
controller registers and another sector is read. If the operation to read the sector 
fails, the starting address of the data is popped back off the stack and B is decre
mented. If this does not reduce it to zero, a re-read is attempted and after 20 
attempts execution passes to 1 E6C et al and the error message appears. 

1 EC6 Loads decimal data from the keyboard and converts it to binary in register C. 

1 EDA Displays the contents of A, converted to decimal, on the v.d.u . 

1 DE7 The READ interrupt routine, called by a 'i5Rc1. This routine transfers the byte in the 
controller's data register to the Z80, inverts it to its true form, stores it in the location 
pointed to by DE, and increments DE ready for the next byte. The interrupt system 
in the Z80 is automatically disabled when an interrupt is accepted so that the ZBO 
can service the interrupting device without interference from the interrupting de
vice itself. Standard service routines usually finish with a re-enabling of the in
terrupt system and then a return . To ensure that the return will occur, the ZBO does 
not re-enable the interrupt until it has executed the instruction after the enabling 
instruction F3. This service routine doe:s not have a return, but it uses this one 
protected instruction after the F3, F9, to foad !HL into the stack pointer, SP, register. 
SP is increased by two when the subroutine 1DF9, which loaded HL with the SP, 
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ended and the return address was popped off the stack. When the 5'RO interrupt 
was accepted, the current PC (program counter) contents were pushed onto the 
stack and SP decreased by two, as is normal at the calling of any subroutine. 
Therefore, for the first ORO, HL and SP are the same and F9 has 'no effect. The next 
~in the subroutine is a HALT, at which the Z80 stops and waits for the second 
rmLI which, when it arrives, jumps the execution back to the start of the subroutine 
and pushes another return address onto the stack. When the data byte is read and 
the F9 is executed, SP, which decremented when the second interrupt was 
accepted, is pulled back to where it was before the interrupt occurred. Therefore 
this, and all future OROs are demoted from calls to being, effectively, simple jum&s 
to 1 DE7. Whilst each return address is written on top of the last as the DR s 
progress, the first call from the m~rogram remains unaltered one position 
further up the s~hen all 128 IJRTIS .have passed and the SP has been pulled 
back again, the INTRQ interrupt occurs and this, having a conventional return at its 
end, returns execution to the first popped address, i.e. where the original "read a 
sector" command was given. This forms a neat method of writing the main 
program because it makes the controller appear as part of the main processor and, 
more important, it saves time. There are only 32~-ts during which data can be 
transferred from the controller to the memory, and the Z80 made ready for the next 
interrupt. If the sequence servicing the controller takes longer than this, data will be 
lost and the controller will halt the reading sequence. A conventional return takes 
51f2f.tS and the jump from this returning point to the "wait for a i5'R"'" point requires a 
further 6~-ts. The single F9 instruction only takes 3~-ts, which achieves the same 
purpose, but just within the 32~-ts limit. 

.1 071 The WRITE interrupt routine called by D"Ra. This is similar to the previous routine in 
that the progress .of the stack pointer is arrested by repetitive loading from HL. This 
routine differs because the first two ORO-pushed addresses are saved, 1 068 and 
1079 respectively. When the 128 DROs have occurred, INTRO causes a jump to the 
status reading routine after which the return occurs to 1079 at which a jump pushes 
execution on the 1 068. Here the other i5'm5' is popped off the stack and a new vector 
byte, F5, is placed into the A register ready for the third type of 'D"Rci. 

1 DF5 When checking a written sector, 1 E57 is used as the reading subroutine. Because 
we are interested in the CRC and not the data on the disc, 1 DF5 acts like 1 DE7 when 
handling DROs, exR(ft that it makes no attempt to store the unwanted data and just 
waits for the INT . When this arrives, 1 DF5 returns to the point in the main 
program where the CRC can be checked to see if the track just written has verified· 
itself. 

reading any sector track 77' which does 
not exist! Note that spaces are required 
after decimal information - the track, 
sector and number of sectors, but not after 
the hexadecimal destination address. 

If the Read has worked type RUN 
1DOO, Which should cause the unloaded 
head to return to track 00. Next type 
WRITE space, and in response to 
SOURCE type 0000, for TRACK: 40 
space, for SECTOR: 0 space, and for 
NUMBER OF SECTORS 32 space. The 
head should move in and write to track 40, 
step to track 41 and continue writing, so 
that the first 26 sectors fill track 40 and the 

Table 6. Floppy-disc controller commands· 
used. The asterisked addresses are where 
modifications to the software are ~ade 
when a track is re-formatted. 

Address Byte Command Function 

final 6 fill sectors 0 to 5 track 41. The write 
operation is slower -because after each 
sector is written it is read back and 
checked for errors. As before, U'p to 20 
attempts are made before the operation 
terminates and the ERROR message 
occurs. Nevertheless, it should only take a 
few seconds to record the entire 4 K 
monitor. 

Explanations of thy-software 
subroutines are given in Thble 5. To follow 
the main program 1DOO to 1DFC, a 
disassembler such as the one given in a 
recent computer newsletter is useful. The 
interrupt mode 2 is set and the I register, 
which is used (as described in part one) to 
form the top half of the interrupt 
addresses, is set at lD and the IX index 
register is set at 1DE4. The index register 
is useful as a pointer to an area of memory 
because any indexed Z80 instructions, i.e. 
instructions prefixed by DD, will use a 
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byte in the instruction to say which byte 
relative to 1DE4 is to be used in the 
instruction. In this case byte number 00' 
(i.e. 1DE4 itself) stores the required track 
number, byte number 01 (IDES) stores 
the required sector number and byte 02 
(1DE6) stores the number of sectors. The 
status and data registers are read next (not 
for their contents) to reset the INTRQ and 
DRQ interrupt lines if they are active due 
to the power-on sequence. Note that this 
unit is designed to operate with the mark 
III operating · system, (see the scientific 
computer newsletter) which contains these 
same four bytes, DB,OS, DB and lD. They 
are executed in the high level so that the 
MM57109 interrupts are not upset by the 
disc controlled conditions. 1 DOE-14 
illustrates the way instructions are sent to 
the controller. The instruction byte loads 
into A, in this case a Restore instruction, it 
is sent to the command register, the 
interrupt is enabled and the Z80 is halted 
to wait for the interrupt. When it arrives, 
in this case a INTRQ, the computer reads 
the interrupt controller byte Fl, adds it to 
the 1D previously stored in the I register 
and then reads in the byte at lDFl and 
1DF2 as the address of the INTRQ sub
routine, which is 1DF9. Execution passes 
to this address when the status register is . 
read and inverted back to a true state. 

Re-formatting a disc 
As well as reading and writing individual 
sectors, the controller can read and write 
whole tracks using the index pulse as the 
start and finish of the operation. As 
described in part one, even before use the 
disc is fully recorded with ident fields aDd 
dummy data. If the ident fields become 
magnetically corrupted, the entire traek 
has to be re-recorded, or re-formatted, 
before it can be used in the sector mode 
again. To do this, a block of length 5 '(4K 
bytes must be set up in r.a.m. and then 
recorded en bloc. Assembley of this block 
requires extra r .a.m. over the basic 
computer's memory and, given this, the 
operating system can synthesise the track 
format. I used a 32Kbyte expansion 
(referred to in the computer newsletter) 
and assembled this block at COOO. To 
accommodate other r .a.m. locations, the 
byte at 1D88 must be altered. After RUN 
1DOO, type FORMAT space and then the 
track number, in decimal, to be altered. As 
continued on page 57 

1DOF FF 00 RESTORE the head to track 00 and clear the track register. 
1063 57 

1E47 EB 

*1E5D 77 

1E69 73 

1EB4 A3 

*1063 OB 
*1E47 EF 

A8 Assuming the head is to be loaded against the disc, WRITE a single record of IBM format to the track 
and sector specified by the respective registers, using FB as the data mark. 

14 SEEK the track specified by the data register by stepping the difference between it and the contents of 
the track register. Then, by reading an ldent Field from the track, verify that it is the correct one. 

88 Assuming that the head is loaded against the disc, READ a single record of IBM format from the track 
and sector specified by the respective registers. 

8C As above, but it begins by issuing the HLD, head load, signal and waiting for the HLT signal to become 
active before proceeding. 

5C Load the head against the disc and then STEP IN by one track, updating the track register. Perform a 
verify of the track as described above. 

F4 WRITE TRACK. Starting at the index pulse, data is written continuously up to the next index pulse. 
10 On a badly corrupted track, it is not possible to verify the head position after a SEEK, so this version of 

the command omits it 
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as included FREE with December issue of 
PRACTICAL ELECTRONICS 

It's work-bench size for keeping alongside your favourite 
journal for instant reference to stock and technical data. 

I 

With more to choose from than ever - all the 
items you have learned to depend on being 
obtainable from Electrovalue PLUS MANY 
NEW ONES to bring Catalogue '81 bang up to 
date. The V.A.T. inclusive price list that goes 
with it will hold for at least 4 months before 
the next one is issued. 
Yes- you will enjoy dealing with 
Electrovalue - prices are keen - service 
is tops. 

Write, phone or call if you haven't ye~ got 
Catalogue '81 - and you will receive yours 
by return. (We pay postage.) 

AND· YOU GET BONUS DISCOUNTS. AND 
FREE U.K. POSTAGE TOO, WHEN YOU 
BUY FROM ELECTROVALUE. 

ELECTROVALUE LTD. (Dept. WW) 28 St Jude's Rd. Englefield Green. Eghain. 
Surrey TW20 OHB. Telephone: (STD 07841 (London 87133603 Telex: 264475 

IP1:;e -;:d-;: ;;F~ ~;; ~c;v~~ -~ 
I CATALOGUE '81. I 
1 Name .... :................................................ ....... ... .. .. .................................. I 
I Address ........................................................ ......................................... I 
I ............................................................................ .. ........... ..... .. ............. .. ... J 
L-.--------.------

VERY SPECIAL OFFER 
·OF FULLY 

GUARANTEED BRAND 
NEW SINGLE SIDE 

EUROPEAN MINIDISK 
DRIVES 

EXCLUSIVELY TO 
WIRELESS WORLD 

READERS 
Now really is the time to buy. 

New 51M'' drives will proQ.
.ably never again be so cheap. 

Ring the enquiry number for 

77 

further details. · 

This offer is exclusive to WW 
Readers and represents a 
saving of about £7 5 each on 
the normal RRP. 

SPECIAL C.W.O. 
PRICE: £120 

+ £2 CARRIAGE 
+ 15°/o V.A.T. 

Total C.W.O. Price: 
£140.30 per Drive 

Cheques and postal orders made 
payable to: 

WW DISK OFFER 
49 Milford Hill, Batford 

Harpenden, Herts 

WW- 106 FOR FURTHER DETAILS 
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"1, NEVER KNEW COLOUR.:.VIDEO 
COULD COST SO LITTLE". 

Don't be put off by what you may have heard- or imagined 
-about the cost of colour video. 

Talk to Bell & Howell or one of our Video Centres and 
get the current facts. 

The fact, for example, that a portable JVC colour camera 
. costs little more than an ordinary black-and-white camera. 

And the further fact that by adding a JVC VHS you 
have a complete colour recording system for as little as 
£1,300 plus VAT For playback, a standard TV receiver is 
aU you need. 

At these prices every user can benefit from colour. 
Training will be easier to understand; publicity more 
compelling; management communications more 
interesting; role-p laying more effective. After all, we live in 
a coloured world . 

PUSH-.BUTTON FEATURES 
Don'tthink for one minute that the low price has been 

achieved at the expense of useful features. Among other 
things the camera has an iris control which automatically 
adjusts lens aperture to match lighting conditions; a -6:1 
power or manual zoom, giving close-ups as close as 50 mm; 
TTL indicators which automatically show exposure level, 
auto-whtte balance, operating mode and power level. 

. BETTER STILL 
Or, if you feel incJ ined to makE;. even fuller use of the 

camera's capabilities, couple it to a JVC %-inch U-format 
recorder. 

The picture will be improved. You'll have another 

sound track to use for foreign-language commentaries or 
question-and-answer training routines. 

On %-inch, moreover, you 'll be in the right format to 
edit and duplicate- or add in library material. And still 

the cost ofthe system needn't exceed £2,700 plus VAT 
·Alternatively, at very attractive rates, it can be lea$ed. · · ;: : 

. SEE FIRST, -THEN DECIDE 
You can, of course, spend mDre. At any Bell & Howell· 

Video Centre you'll see mor~ expensive carneras, video ' 
recorders and electron ic editing equipment that wouldn't 
be out of place in a national n·etwork. 

But do Y-OU need them 7 

Let the Video Centre, or Bell ·& Howell, he lp you decide: 
Whatever your decision, two things are certain. 
One, colour video now cpsts a lot less than it used to · 

(as well as being highly dependable ·and very easy to use). 
Two, every unit in the system you choose qualifies for 

the Supershield warranty,· unique to Bell & Howell. 
Under Supershield, all adjustments, repairs and 

replacements (except for tubes and tapes) are free for 
two years after purchase. And if a job can't be done on 
the spot we also provide free transport anywhere in 
mainland Great Britain to andfrom a fully equipped 
Supershield video workshop. · 

Convert to (or start with) colour. With JVC video 
equipment. And the Bell & Howe ll Supershield guarantee, 

Let Bell & H well show you the answer. 
--------------------
To PieterGias, Bel l & Howell A-V Ltd , Freepost, Wembley, Midd lesex HAOlBR. 
Please send me more information about video equipment an d a I 1st of you r Video Centres. 
Name 
Organisation 

Address 

ww 6 1 12 

JVC CAMERAS. JVC RECORD_ERS. JVC STUDIO EQUIPMENT JVC MONITORS. ELECTROHOME MONITORS FUJI VIDEO TAPES. 
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The . death · of ·electric current 
A contribution to electromagnetic theory 

Conventionally a signal can be 
understood either in terms of 
electricity in conductors, with 
asso.ciated fields, or in terms of 
electric and magnetic fields 
terminating on those conductors. 

· In this article the author steps 
outside the accepted dualism and 
proposes a mechanism of signal 
transmission based on Oliver 
Heaviside's 'energy current' without 
recourse to 'conductors' in ' 
their conventional· role. 

A major advance in electromagnetic 
theory, which I shall call the transition from 
Theory N to Theory H, was made by 
Oliver Heaviside a century ago. What i~ 
proposed here is a transition from Theory 
H to a third theory, Theory C. It is to be 
hoped that the response to Theory C will 
be more perceptive than was the general 
response to Theory H a· century ago, as 
typified by Sprague~ quoted in this article. 
Until it was revived recently by CAM Con
·sultants, Theory H had been ignored and 
then suppressed for a century. It was 
revived because of its great value in digital 
electronic design. 1'2 

Theory c has major implications across 
a whole spectrum of subjects. It could 
trigger an exciting renaissance in many 

• fields of endeavour. 
·Whereas the conventional approach to 

electromagnetic theory is to concentrate on 
the electric current in wires, with some 
. additional consideration of voltages be
tween wires, Heaviside concentrates pri
marily on what he calls 'energy current', 
th.ls being the electromagnetic field which 
travels in the dielectric between the wires. 
It has an amplitude equal to the Poynting 
Vector, ExH. Heaviside's phrase, "We 
reverse this"; points to the great watershed 
in the history of electromagnetic theory -
between the 'ethereals', who with Heavi
side believe that the signal is an 'energy 
current' which travels in the dielectric be
tween the wires, and the 'practical electri
cians', who like Sprague b(lieve that the 
signal is an electric current which travels 
down copper wires, and that if there is _a 
'field' in the space between the wires, this 
is only a result of what is happening in the 
conductors. 

Oliver Heaviside announced Theory H a 
century ago3: · ·' 

"Now in Maxwell's theory there is the potential 
energy of the displacement produced in the die
lectric parts by the electric force, and there is 

by lvor Catt CAM Consultants 

the kinetic or magnetic energy of the magnetic 
induction due to the magnetic force in all parts 
of the field, including the conducting parts. 
They are supposed to be set up by the current in 
the wire. We reverse this; the current in the 
wire is set up by the energy transmitted through 
the medium around it . . . " 

The importance of Heaviside's phrase, 
·~we reverse this;" cannot be overstateq. It 
points to the watershed between the 
'practical electricians', who have held sway 

· for the last half century, promulgating 
their theory - which we shall ·call 'Theory 
N', the Normal Theory: that the cause is 
electric currents in wires and electromag
netic fields are merely an effect - and the 
'ethereals', who believe what we shall call 
'Theory H': that the travelling field is the 
cause, and electric currents are merely an 
effect of these fields. 

Opposition to any attempted change 
from the familiar Theory N to Theory H 
was forceful and successful for the next 
century. Sprague, a 'practical electrician' 
wedded to Theory N, with its retention of 
a phlogiston-like 'fluid'*, electricity, at the 
centre of the electromagnetic stage, 
wrote4: 

"A new doctrine is becoming fashionable of 
late years, devised chiefly in order to b!ing the 
now important phenomena of alternatrng cur
rents under the mathematical system. It is 
.purely imaginery . . . based upon Clerk
Maxwell's electromagnetic theory of light, itself 
described by a favourable reviewer as 'a daring 
stroke of scientific speculation,' alleged to be 

. proved by the very little understood experi
ments of Hertz, and supported by a host of 
assumptions and assertions for which no kind of 
evidence is offered; but its advocates now call it 
the 'orthodox' theory. 

· "This theory separates the two factors of 
electricity . ~ ., and declares that the 'current', 
the material action, is carried by the 'so-called 
conductor' (which according to Dr Lodge con
tains nothing, not even an impulse, and accord
ing to Mr 0. Heaviside is to be regarded as an 
obstructor), but the energy leaves the 'source' 
(battery or dynamo) 'radiant iri ex~ctly the same 
sense as light is radiant', according to Professor 
Silvanus P. Thompson, and is carried in space 
by the ether: that it then 'swirls' round (cause 
for such swirling no one explains) and finds its 
way .to the conductor in which it then produces . 

* Phlogiston was a 'subtle fluid' postulated by the 
German chemist G. E. Stahl (1660-1734). It was 
thought to be_combined with a 'calx' or ash in combus
tible materials and to be given off by these materials in 
the process of burning, leaving the ash behind. This 
hypothesis was strongly held in the 18th century but 
was eventually upset by Lavoisier's deductions leading 
to the theory of the conservation of mass. - Ed. 

the current which is apparently merely an 
agency for clearing the ether of energy which 
tends to 'choke' it, while the conductor serves 
no other purpose than that of a 'waste pipe' to 
get rid of this energy . . . 

"This much, however, is certain; th:n if the 
'ether' or medium, or di-electrics carry the 
energy, the practical electrician must not 
imagine he can get nature to do his work for 
him; the ether, &~;;., play no part whatever in 
the calculations lie has to make; whether copper 

. wire is a conductor or a waste pipe, that is what 
he has to provide in quantity and quality to do · 
the work; if gutta percha, &c., really carry the 
energy, he need.npt trouble about providing for 
that purpose; he must -~ to it that he provides · it 
according to the belief that it prevents loss of 
current. In other words, let theoretica.\ mathe
maticians devise what new t;)leories they please, 
the practical electrician must work upon the old 
theory that the conductor does. his work and the 
insulation prevents its being w~sted. Ohm's law 
(based on the old theory) is still his safe guide. 

"For this reason I would urge all practical . 
electricians, and all students wpo desire to gain 
a clear conception of the actual operations of 
electricity, to dismiss from their minds the new 
unproved hypotheses about' the ether and the 
abstract theory of condu.ction, and to com
pletely master the old, the practical, and com
mon sense theory which links matter and energy 
together, . . . " 

Sprague accurately described Theory N. 
One of the few supporters of Theory H 

was J. A. Fleming, who wrote5: 

"It is important that the student should bear 
in mind that, although we are accustomed to 
speak of the current as flowing in the wire in one 
direction or the other, this is a mere form of 
words. What we call the current in the wire is, to 
a very large extent, a process going on in the 
·space or material outside the wire. Just as we 
familiarly speak of the sun rising and setting, 
when the effect is really due to the rotation 
of the earth, so the ordinary language we use in 
speaking about electric currents flowing in 
conductors retains the form impressed upon it 
by older and erroneous assumptions as to their 
nature." 

Heaviside's v iew 

As time went by, support for Theory H 
gradually .died out. Let us end Theory H 
with a long discussion by its originator6: 

"Consider the electric current, how it flows. 
From London to Manchester, Edinburgh, Glas
gow, · and hundreds of other places, day and 
night, are sent with great velocity, in rapid suc
cession, backwards and forwards, electric cur-

.· rents, to effect mechanical motions at a 
distance, and thus serve the material interests of 
man. 

\ 
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"By the way, is there such a thing as an 
electric current? Not that it is intended to cast 
any doubt upon the existence of a phenomenon 
so called; but is it a current- that is, something 
moving through a wire? Now, although nothing 
but very careful inculation at a tender age, con
tinued unremittingly up to maturity, of the doc
trine of the Ihateriality of electricity, and its 
motion from place to place, would have made, 
me believe it, still, there is so much in electric 
phenomena to support the idea of electricity 
being a distinct entity, and the force of habit is 
so great, that it is not easy to get rid of the idea 
when once it has been formed. In the historical 
development of science, static phenomena came 
first. In them the apparent individuality of 
electricity, in the form of charges upon conduc
~ors, is most distinctly indicated. The fluids 
may be childish notions, appropriate to the in
fancy of sCience; but still electric charges are 
easily imaginable to be quantities of a some
.thing, though not matter, which can: be carried 
about from place to place. In the most natural 
manner possible, when dynamic electricity 
came under investigation, the static ideas were 
transferred to the electric current, which be-. 
came the actual motion of electricity through a 
wire. This has reached its fullest development in 
the hands of the German philosophers, from 
Weber to Clausius, resulting in ingenious expla
nations of electric phenomena based upon forces 
acting at a distance between moving or fixed 
individual elements of electricity. 

"Return to our wire from London to Edin
burgh with a steady current from the battery in 
London. The energy is poured out of the bat
tery sideways into the dielectric at a steady rate. 
Divide into tubes bounded by lines of energy
current. They pursue in general solenoidal 
paths in the dielectric, and terminate in the 
conductor. The amount of energy entering a 
given length of the conductor is the same wher
ever that length may be situated. The lines of 
energy-current are the intersections of the mag
netic and electric equipotential surfaces. Most 
of 'the energy is transmitted parallel to the wire 
nearly, with a slight slant towards the wire in 
the direction of propagati~:m; thus the lines of 
energy-current meet the wire very . obliquely. 
But some of the outer tubes go out into space to 
an . immense distance, especially those which 
terminate on the further end of the wire. Others 
pass between the wife and the earth, but none in .. 
the earth itself from London to Edinburgh, or 
vice versa, although there is a small amount of 
energy entering the earth straight downwards, 
especially at the earth "plates". If there is an 
inslrument in circuit at Edinburgh, it is worked 
by .energy that has travelled wholly through the 
dielectric, then finding its way into the instrU-
ment. " 

If we keep to Theory H, the theory that 
the field ExH, travelling along between 
the wires at the speed of light -. what 
Heaviside called . the 'energy current', is 
the cause, then electric charge and electric 
current are merely what define the .edge of 
an energy current. If electriC current is 
that which defines the side of an energy 
current, then we may with equal justifica
tion postulate 'displacement current' as 
that which defines the front face of a step 
of energy current1• · 

Now let us move on to Theory C, when 
we drop the dualism - circuit and field -
that has until now been the foundation of 
electromagnetic · theory. . First we shall 
discuss the reed relay . pulse generator, . 
which illustrates some of the ideas un
derlying Theory C. 

The reed relay puls·e generator was a 
·means of generating a fast · pulse using 
rather primitive methods. A one-metre 
section of 50-ohm coaxial cable AB was 
charged up to a steady 10 volts (say) via a 
one megohm resistor, and then suddenly 
discharged into a long piece of coax BC by 
the closure of two switches. 

r1:ov 
~~~------------------c-

A five-volt pulse two metres wide was 
found to travel off to the right at the speed 
of light for the dielectric on closure of the 
switches, leaving the section AB com
pletely discharged. (The practical device 
lacked the second, lower switch at B, 
which is added in the diagram to simplify 
the argument). · 

The curious point is that the width of 
the pulse travelling off down BC is twice as 
much as the ·time delay for a signal be
tween A and B. Also, the voltage is half of 
what one would expect .. It appears that 
after the switch was closed, some energy 
c;urrent must have started. off to the left, 
away from the now closed switch; bounced 
off the open circuit at A, and then returned 
all the way back to the switch at B and 
beyond. 

2M 

L 

This paradox, that when the switches 
are closed, energy current promptly rushes 
away from the path suddenly made avail
able, is understandable if one postulates 
that a steady charged capacitor is not 
steady at all; it contains energy current, 
half of it travelling to the right at the speed 
of light, and the other .half travelling to the 
left at the speed of light. 

Now it becomes obvious that when the 
switches are closed, the right-wards travel
ling energy current will exit down BC first, 
immediately followed by the leftwards 
travelling energy current after it has 
bounced off the open circuit at A. 

We are driving towards the principle 
that energy (current) ExH cannot stand still; 
it can only travel at the speed of light. Any 
apparently steady field is a combination of 
two energy currents travelling in opposite 
directions at the speed of light? . 

E and H always travel together in fixed 
proportion Zo. 

Electric charge does not exist according 
to Theory C. The so-called electric charge 
is merely the edge .of two reciprocating 
energy currents. In. the case of the so
called steady charged capacitor, the 
electric fields of the two energy currents 
add but the magnetic fields cancel, so that 
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it has come to be thought that a charged 
capacitor is devoid of magnetic field. 

Now let us consider a simple circuit with 
battery and resistor. Two conductors 
guide the energy current from battery to 
resistor. It enters the resistor sideways 

(Kip 1962)6. 'Electric current' is merely the 
side of a wave of energy current. If a 
'conductor' is perfect, the energy current 
has a sharp side; the so-called 'electric 
current' has infinite density in the outside 
surface of the 'electric conductor', which 
Heaviside called an obstructor. 

Energy current penetrates art imperfect 
conductor in the same way as it enters a 
resistor, from the side. In this case, the 
region containing a variation in energy cur
rent density, the so-called 'electric cur
rent', widens and penetrates into the 
conductor; skin depth is no longer zero. 

Nothing exists behind a mirror; nothing 
happens there. The velocity of the 'things' 
behind a mirror does not depend on the 
medium, or material, behind the mirror8• 

As Maxwell's equations show ,9 'electric 
current' is always derivable as the gradient 
on the side of a wave of energy current. 
Unlike energy current (but like the im
mages in a mirror), electric current con
tains no energy, it has no function, and it 
explains nothing. Electric current does not 
exist. 

Although a cloud cannot exist without 
edges, the edges of a cloud do not exist. 
They llave no width, volume, or 
materiality. However, the edges of a 
cloud can be drawn. Their shapes can be 
manipulated graphically and mathematic
ally. The same is true of the so-called 
'electric current'. 

In the following analogies, the sheep 
represent energy, the dogs electricity. 

Theory N. The sheep are forced out of the 
pen by the sheep-dogs. The dogs then run 
alongside the sheep. There can only be a 
forward flow if sheep-dogs first advance on 
both sides of the flow of sheep, which the 
dogs direct and cause. 

Theory H. The sheep rush out of the pen 
into the great open spaces. They will go 
forward regardless, but their direction is 
actively guided by the sheep-dogs running 
alongside, the front of the line of dogs 
always keeping level with the foremost 
sheep. 

(-

Theory C. There are no sheep-dogs. The 
sheep leave the pen and flow out into the 
great open spaces. Some of the space is 
rougher. (This rough space was previously 
thought to be the terrain preferred by the 
·dogs.) Here fewer sheep go, and their rate 
of advance is slower. Some ground is very 
obstructive, nearly impassable for sheep. 
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Although it might appear that the she~p 
are actively guided by the rough terram 
towards the smooth terrain, this is not so. 
Neither does ·a grease mark on blott~g 
paper actively guide the ink towards the 
ungreasy areas. The~e is no ~ctiv_e 
guidance mechanism; greasy paper 1s 
merely bad blotting paper with poor capil
lary action, passively guiding the ink. 

The excision of sheep-dogs from the 
theory is a giant simplification. Nothing 
flows in the conductor; nothing happens 
therein. Heaviside was right to call it an 
obstructor. · Half of the primitives in 
electromagnetic theory disappear, and it 
ceases to be a dualistic theory. p and J 
disappear, becoming merely the physically 
non-existent results of the mathematical 
manipulation of E and H, with no more . 
significance than "circularity'" (Letters, 
June 1979 issue, p. 82). 

The direct transition from Theory N to 
Theory Cis similar to the change in com
bustion theory from phlogiston to oxida
tion, but is more difficult. Phlogiston is 
very similar to electricity, being a strange 
'fluid' 'Which permeates solids. But 
'whereas the oxygen which 'replaced' phlo
giston was still within the same bo~y! t~e 
:energy current which replaces electr1c1ty 1s 
not where the electricity was; it is where it 
was not . This is a very difficult transition. 
If the idea of replacing the well known 
phlogiston by oxygen caused mirth at High 
Table, we have to expect Theory C to 
generate widespread hilarity. 

I would like to thank David Walton and 
Malcolm Davidson of CAM Consultants 
for their dogged support for six years. This 
article is taken from the book Electromag
netic Theory Vol 2, pub. CAM Pub
lishing, 17 King Harry Lane, St. Albans, , 
England. 
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Appendix 
Definition of a perfect conductor: E = 00 • 

It follows that velocity of energy current 

=_!_=0 
Yt-tE 

I~pedance Zo= v'(f.l/E) =0 

In an imperfect conductor' E is" very high. 
Impedance ( =Zo~O _J·. '· 

·Penetration velocity is very slow:' D 
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Solid-state ·level meter 
further notes · 

Several points were , not fully explained in 
.Quentin Rice's article on his level indicator 
in the August issue. The peak hold func
tion was a late addition. Achieved by tak
.ing a terminal adjacent to ~ to OV, this 
effectively switches off the decay voltage 
and is extremely useful for Peak detection. 
Although the unit has no graduations, the 
author says it is a linear and accurate piece 
of equipment, and the user can employ 
whatever scaling is required. The attack 
time of the circuit is about 2ms f.s.d., 
which is well within any p.p.m. specifica
tion, but if this is felt to be too fast, in
crease the value of R9. · 

When the unit was used with an oriental 
cassette recorder of dubious electronic in
tegrity (expensive but no input h.f. rolloff, 
.and no monitoring facility), intermodula
tion occurred because the meter was taken 
directly from the medium-impedance 
record output. This is overcome in such 
cases by using a buffer to isolate the signal 
and to provide adequate gain to bring the 
signal up to a useable level. With low im
pedance lines, this presents no problems. 

Mention was made of the LM3915 and 
3916 devices. As the data are quite recent, 
no consideration for these was made in the 
original design. The LM3915 may be cas
caded like the 3914, giving twenty steps of 
3dB, but an extra op-amp is required to 
provide 30dB gain and offset. The regul~
tor is changed for a 24V type, and D6 1s 

changed to 12V. It should be borne in 
.mind that the decay is no longer linear as it 
follows the law of the display. . 'fhe 
LM3916 is not cascadable, but it can be 
used with the LM3915 to give a mixed)aw 
display with a 40dB range, albeit with only 
19 l.e.ds and Without the linear decay: In 

:this circuit, the dot/bar mode select is diffi
cult to implement. For further informa
tion, consult the National SemiconduCtor 
literature. · · D 

c, 
o---tl ,..___" ' ''w--

220k 

·circuit for 60dB display range, left,' uses LW3915 
V,, 24V, Vgg 12V. Buffer circuit, above, and 
board pattro'}S are Jor use wtth medtum-tmpedance 
outputs. V" can l:!e 15 to 30V, unregulated: In 
the p.c.b. pattern on page 32 (August i-ssue), p1ns b 
& 7 of IOJ should be linked to pins 4 & 8 of IC4. 

www.americanradiohistory.com

www.americanradiohistory.com


82 

c 

c 

WIRELESS WORLD DECEMBER 1980 

RC oscillators: single-element frequency 
control 

by Peter Williams, Ph.D. Paisley College of Technology 

.5/NtrL£ 1<£StSro~ CON-{~0£. - MODIFIED M£111 

SIN tiLE AMPLIFIER SINGLE CL EM£NT CaNTROL 

The best-known RC oscillator is based on the Wien network, usually in the form of a 
bridge activated by an operational amplifier or other high-gain equivalent. It shares · 
with the related lead-lag and lag-lead circuits the need for simultaneous adjustment of 
two components if the frequency is to be varied without change in the loop gain. A 
number of elegant alternatives have been devised to overcome these limitations, 
usually at the expense of an additional amplifier. In this example the shunt capacitor of. 
the Wien network is driven instead via a unity-gain buffer from a tapping on the. 
resistor. By varying the resistor shown the frequency of oscillation is controlled over 
>100:1 range without change in the oscillatory condition (excepting second-order 
effects due to amplifier impedances, bandwidth etc.). This allows the amplitude to be 
controlled by a suitable amplitude sensing circuit with only minor shifts in the operat
ing point of the sensing element. The ratio of resistors differs from that of the conven
tional bridge. At either extreme of the frequency range the distortion increases and the 
second-order effects shift the amplitude but good performance over a 10:1 range is 
readily achieved with the single variable resistance. .. 

This circuit uses the current in the resistance path of the shunt CR network to provide 
a drive voltage for what would otherwise be the ground point on the feedback potential 
divider. Again variation of the single resistor changes the frequency of zero phase shift. 
At the same time the auxiliary amplifier injects a correcting signal into the potential 
divider to restore the gain condition. It is no coincidence that this and the previous 
circuit use the same components; this circuit was published first and the previous one 
derived from it by drawing in nullor form and manipulating the nullators and norators 
to produce new circuits, equivalent internally but differing for example in the point on 
the passive network is grounded. There are yet other practical forms but these two 
appear most useful each being tunable over a 100:1 range using a single variable 
resistor. Clearly the output of the auxiliary amplifier must vary with frequency of 
oscillation and the original output is the one that would normally be stabilized. Any of 
the stabilization methods applicable to the Wien bridge oscillators are equally applica
ble here. 

The lead-lag and lag-lead oscillators are known to have identical transfer functions to 
Wien petwork for equal ~ and C values throughout. The impedanc~ propertie~ i.nterl)al 
to the networks are different and there is no direct equivalent to the previous one. 
Another family of oscillators have been described using lag and lead networks with the 
addition of a second variable gain amplifier that, appropriately connected, again 
controls the frequency while leaving the oscillator gain condition unchanged. A simple 
alternative to a variable gain amplifier is a constant gain preceded by variable attenua
tion. In one of the configurations it is found that varying the gain from 0 to + 1 gives 
control of frequency from its usual value of f=1/2nCR toward zero. The amplifier is 
then a unity-gain buffer though a high input impedance stage such as a source 
follower is a convenient alternative. The useful frequency range in this circuit is of 
order 100:1 with a low distortion and stable amplitude readily achievable over more 
than a 10:1 range. 

To. reduce the number of variable components and achieve single-element control of 
frequency it has been necessary to introduce a second amplifier (or to permit the gain 
condition to vary widely placing a strain on the amplitude controlling circuitry). In the 
previous circuit a very simple step eliminates the extra amplifier. Because the variable
gain requirement has been reduced to variable attenuation the amplifier is being used 
only to buffer the lead-lag network from the potential divider. With modern operational 
amplifiers, particularly those with f.e.t. input stages, the ratio of the lead-lag resis
tances to the potential divider resistance can be large enough that the loading effect is 
negligible for the buffer amplifier to be omitted. In the final circuit shown, R«R and 
oscillation can be extended to low frequencies using relatively low values of capaci
tance - both because R may be large and because the configuration reduces the 
frequency further as the tapping point on the potentiometer is increased from 0 to 
100%. This circuit achieves frequency variation with a single potentiometer while 
requiring only a single. operation amplifier. The loading effect cannot be completely 
ignored but the usable frequency range though less than for the two-amplifier circuits 
readily exceeds 10:1. 

A powerful design tool in creating these variants is the nul lor. If the single amplifier 
circu;t is re-drawn in nullor form and inverted its internal behaviour remains the same. 
The shift in ground point to the other end of the norator then allows a new operational 
amplifier form to be produced. The same component values result in the same fre
quency of oscillation. The differences in performance may be significant as the com
mon mode swing at the amplifier input terminals is 213 of the output instead of 
%. An advantage of this configuration is that the resistance 2R' is grounded which 
makes it easier to control via an amplitude sensing network. It is such practical points 
that make it advisable to consider alternatives to known circuits - they will not often 
provide dramatic improvements but each new form may have particular advantage 
that can be exploited in particular circumstances; .... 

. . : '. 
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RC oscillators: single-element fr~quency 
control 

THEORY 

e · In each of the first two examples the resistor ratio to give the 
appropriate gain condition is assumed; the frequency condition then 
follows simply. In the third case the analysis is fuller with no prior 
assumption. 1 

Oscillator frequency corresponds to network attenuation of 0. 5. 
Impedance of series arm is R + 1 I sC 

1 n. sC 
Admittance of shunt arm ~ + 1 )A + n+1 

: .(n+ 1}R=(1 +nsCR}(R + 1 /sC} 

1 
s=- nC2R2 . 

1 
where w0 =-

. CR 

e The impedance convertor interpretation is not appropriate to the 
second form of oscillator. 

1 1 1 1 
1 +(R+-)(sC+-}=2+-+sCR+-.-

sC nR n nsCR 

v . 1 1 . 1 
· ~=2+-=2+-+sCR+-- and 

· · v. n n nsCR 

1 1 
w:::--v'n ·cR 

e If v. is derived (i) from ·the RC potential divider driving the 
non-inverting input (ii) by applying Millman's theorem (or superposi
tion) and the two results equated, an equation leading to the frequency 
and gain conditions is obtained. 

Vo 
(i) v =- (1 +sCR) 

x 1 +n 

(ii) v. 

v (sc+-k-+--
1-1 0 (n+1)R (n+1)R 

sC+ 1 /R+ 1 /R 

. 1 k+1 
(1 +sCR)(sC+2/R)=(1 +n) (sC+-R. --) 

n+1 

(1 +sCR)(2+sCR)=RsC(1 +n)+k+ 1 

2+3sCR+(sCR)2-sCR(1 +n)-(k+ 1)=o 

Equating real and imaginary separately to zero 

(1 +n)=3 

2-(k + 1) = (wCRf 

v'1=k 1 
w=-- where w0 =-

CR CR 

e Ask~ 1 w/w0 ~ 0 and low frequencies of oscillation are attained 
without the need for large time constants The theory is applicable to 
the single-amplifier circuit provided R' « R as then the loading effect on 
the potential divider remains negligible. The algebra is equally valid for 
the nullor equivalent circuit, its inverted form and any operational 
amplifier forms derived from them . 

EXAMPLES 

1. The first oscillator is required to have a frequency range from 1OOHz 
to 3kHz. Choose suitable component values, given that the available ' 
variable resistors have a contact resistance of 1 on and that the op amp 
input resistance with feedback is 1 OMn. 

The constraints suggest that the variable resistor has to be» lOn to 
avoid significant frequency shifts due to contact resistance variation. 
Similarly to avoid loading by the op amp the resistance should be 
«: 1 OMQ. To meet the frequency range with '8 dependence on 1 I yl n, 
the resistance has to change by (3000/ 1 00}2 over the whole range i .e. 
900 :1. This is just possible while. meeting the constraints if say Rmin = 
330n and Rmax = 300kn . Then 

Rmin = 33 x contact resistance 
Rmax = op-amp input resistance 

33 
with consequent errors of a few percent at the extreme ends of the 
range. 

This example illustrates the difficulty of achieving wide frequency 
variation with a single control element - though possible it requires 
considerable attention to detailed design . 

·2. The single-amplifier single-element-control oscillator uses a 
thermistor for amplitude control. The thermistor has optimum 
performance when its p.d. is 1V rms and it is dissipating 2mW. 
Choosing an appropriate value for the potentiometer, select R, C 
values to give a frequency of oscillation of 1kHz when the poten
tiometer is set at its mid point. 

The thermistor has to be placed at location 2R' to control the 
amplitude - as the amplitude increases the thermistor is heated 
causing its resistance to fall. This provides more negative feedback, 
reducing and then stabilizing the amplitude. 

v2 
Thus P=-

(2R') 

F 
2R'=---

2 .10-3 

1 Q3 
R'=-=25on 

4 

This is a standard potentiometer value and presents no problem . 
The R values of the lead-lag network must be » R' to avoid loading of 
the potentiometer, but should not be so high as to be loaded in turn by 
the op amp inputs. The latter constraint can be virtually removed by 
using f.e.t. input op amps, though increased susceptibility to hum 
pick-up can be a problem. 

These considerations suggest R = 1 OOkQ as a suitable compromise 
(400 X R'). 

For k=0.5 

. w=2'l11 03 

0.707 
C=--

2'll 108 

= 1.12nF 
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DESIGNING WITH 
MICROPROCESSORS 
I read the letter from R. M. O'Connor in the 
October issue with great dismay and I suspect 
that it has put off a few would-be micro system 
designers and made them think again. 

I would like to describe, as briefly as possible, 
a 'microprocessor based system that I have de
signed and built in just two months. I was not 
put off by any fears of components becoming 
out of date overnight. The objective was to 
design and make a machine, and it was achieved· 
with great success . . 

My business needed a machine to off-line 
direct mail letter production. We already have a: 

· Research Machine 380Z but this is in full time 
use doing other work. The machine needed: (a) 
the ability to read a serial keyboard and a cas
sette deck; (b) between 2 and 4 kilobytes of 
r.o.m. and about 4 kilobytes of r.a.m.; and (c) a 
driver for a fast daisywheel printer. (No screen 
was needed; the daisywheel provides the user
machine interface.) 

After browsing through several back copies of 
your ·journal I realized ·that the Z80 is the best 
and most popular processor around; also, be

. cause our Research Machines 380Z uses a 
Z80A, then this could be used to assemble the 
program which would control the new machine. 

Careful scrutiny of the WW articles on Z80 
type systems (particularly those by John Adams 
on the Scientific Computer) showed that there 
are not many ways of putting the support logic 
around a Z80. I therefore 'learned' how to de
sign a system by studying these articles. 

A design was made, carefully checked and 
improved. A printed circuit was then designed 
(double sided) and this was etched by a local 
firm. The whole was then assembled and tested. 
To my absolute delight it worked more or less 
•first time. The faults were in the printed circuit 
tracks being fractured; there was no design fault 
.at all. 

Next, software. A book on Z80 assembly pro
gramming was purchased and studied. The 
program to control the machine was written and 
assembled on the 380Z. It was not possible to 
test it on the 380Z because of the way input
output was implemented. Very careful desk 
checking was time well spent; there was no 
method of tracing the program once it was on 
the 'new' machine. The program (approx. 1500 
bytes) was burnt into two 2708 e.p.r.o.ms and 
the machine was tested. It worked, although not 
quite properly - subsequent sorting out did not 
take long. 

To summarise: It does help a great deal to 
understand how a particular microprocessor 
.works.· It is vital to understand the connections 
to the processor. It is futile to worry that a 
particular processor will become out -dated. If 
every designer held this view then nothing 
would be designed! The Z80 has been, and will 
be, around for many many years. 

I now have a machine that does exactly what I 
require and if a 32-bit machine comes along that 
is 500 times faster than my Z80 I will not worry 
one bit. I have had the satisfaction of designing 
from scratch, and with help from the many 
contributors to WW, a simple yet very useful 
machine for very little cost (£150). I now have 
considerable confidence in tackling further 
microprocessor based systems. It really is not 
that difficult. 

Finally, and in defence of ICL, Mr O'Connor 
has got it all wrong about the 2900 range of 
machines. The majority of these machines use 
'microcode' rather than hard wired instructions. 
This enables them to 'pretend' to be any 
machine, not just the ICL machine models that 
they replace. It is not true that they are 'very 
inefficient indeed'. They run at the same speed 
regardless of the machine they are emulating 
and their performance is very high. Does Mr 
O'Connor seriously believe that users would 
accept performance of the kind he describes? 
No, . the 2900 range is one of the best .in the 
world - the sales figures clearly dem~nstrate 
that. 
Charles Coultas 
Reading 
Berks 

CRANKY VIEWS 
I have news for S. Frost (October letters). The 
millibel, to use John Stuart Mill's own words, iS 
an absolute certainty - a concept that is prob
ably beyond the comprehension of most modern 
politicians, let alone one of the greatest of the 
nineteenth century. · 

So I still stand firmly by what I said in my 
original letter (May issue) - that in the context 
of its propo~ed application, it was rubbish; and 
if, in doing so, I was impolite, that too was 
intentional. · · 

My second comment ought to have been read 
more carefully. I would never deny the right to a 
platform for cranky views; good heavens, there 
are plenty of those around already and they are 
freely available on any bookstall. But is it not 
reasonable to plead for one oasis where rational 
and carefully considered ideas can be discussed? 
Or is it the intention of Wireless World to go the 
way of the comic papers that masquerade as 
technical journals? 

And since, sir, we are getting into a quoting 
match, may I parry with one from the same 
source: "The liberty of the individual must be 
this far· limited; he must not make himself a 
nuisance to other people". 

Can we now get back to good engineering and 
leave political philosophy to others? 
Reg Williamson 
Norwich 

.ENGINEERS IN THE 
ARMS RACE 
It is a sad day for me, having studied Wireless 
World for more than 60 years, to be reading an 
editorial in it openly urging civil rebellion, 
thereby laying itself open to a charge of treason 
(November issue). And on a basis of untrue and 
libellous statements too. 

You say, in effect, that our post-war govern
ments - Labour and Conservative - and our 
military and industrial leaders consist of mega
lomaniacs and insane persons, not amenable to 
reason but only to force applied by popular 
insurrection. I comfort myself with the thought 
that such a rebellion is unlikely to result from 
your intemperate outburst. 

There is certainly a case (to which during 
recent months you have not neglected to give 
prominence in what is supposed to be a techni
cal journal) for suggesting to readers that they 
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give conscientious thought to the morality of 
their vocations. There is also a case for asking 
them to take account of the fact that whereas 
world war II broke out 21 years after world war 
I, the latter ended 35 years ago and still there is 
no world war III in spite of the imperialistic 
aims of the Soviet 'Union,' and its many annexa
tions effected by the mere threat of nuclear 
power. Have you in mind bringing present 
authority in the West to an end, thus introduc
ing a state of chaos hitherto unknown here, and 
handing ourselves over to the mercies of th~ 
Soviets through the removal of the deterrent 
which (it is not unreasonable to argue) has ex
tended the duration of general peace so much 
longer than last time in spite of at least as great 
aggressive intentions? 

I realise that in saying this, and in failing to 
rally to the call to rebel, I have put myself 
among your demented class. Personally, instead 
of taking for granted that all who think, 
however reluctantly, that there is a case for the 
nuclear deterrent, are out of their minds and 
must be forcibly locked up, I would rather be 
charitable enough to give them credit for having 
given serious thought to the matter with the 
object of preventing any repetition of the dread
ful scenes described in your quotation. It is very 
very difficult to t.<now what to do. But of one 
thing I am sure, that your dogmatic and insult
ing attitude is unlikely to make matters any 
better. 
M. G. Scroggie 
Bexhill 
Sussex 

My son, who is a test engineer, bought a copy of 
the November issue of Wireless World yesterday 
and showed me the editorial on page 37 entitled 
"Microchips and megadeaths." My husband, 
son and I were all most impressed by the 
wording and presentation of this article. I would 
like to say how heartened I was to read your 
editorial as I sometimes get depressed by people 
who call me a traitor, especially as I am a 
perfectly ordinary middle-age woman with no 
strong political affiliations. 
Mary Davies 
Reading 
Berks 

Since the publication of my letter in November 
1979, whether by coincidence or otherwise this 
subject has not been discussed in your maga
zine. I see in the September issue a letter by 
~eter G. M. Dawe who, in my opinion, is highly 
Irresponsible. He says it is dangerous to have a 
nuclear capability. I submit that it would be 
suicide not to have one - and at best we would 
be puppets of the Russians. We need these bril
liant people he suggests should be put on the 
dole - the designers, the constructors, the pro
ject leaders. We are also told they have serious 
gaps in their knowledge. As a technical person I 
know this to be rubbish, having known a few of 
these highly skilled people. 

The freedoms we a11 enjoy today were fought 
for at a terrible price in the first and second 
world Wllrs. Defence costs are part of the contin
uing price 'of freedom and we should therefore 
keep our heads out of the sand and refrain from 
making ·a rhird mistake. 
Peter ~- 'Gregory, G4HXV 
Ashton-undJ:.Lyne 
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·Your November editorial "Microchips and me
gadeaths" made me very proud. Thank you for · 
printing it. 

I perceive two great threats to mankind: fust 
is the use of the ultimate weapon, second is the 
passive acceptance of the idea that such a 
weapon will inevitably exist in all futures. The· 
second frightens me more; we have to live with 
its paranoia. 

If sanity is left in the hands of the engineers, 
_then surely we can perfect the megachip and the 
microdeath? 
Philip Atkin 

- Gonville and Caius College 
Cambridge 

Congratulations on your editorial "Microchips 
and megadeaths" in the November issue. You 
are so right. No arms race without the active co
operation of the technical world. We need a new. 
style of conscientious objection. 
Bruce Kent 
Campaign for Nuclear Disarmament 
London WCJ 

E MADE EASIER 
I found Mr Finlay's three-part article one (De-· 
cember, February, April issues), of absorbing 
interest. For me, he certainly succeeded in enli~ 
-vening what I recall from my student days as ·a 
. rather dull subject. 

Perhaps I can make a contribution by outlin
. ing another method for evaluating e on a cheap 
pocket calculator: a method which I suggest is 
easier to memorise and more accurate than most 
cited by Mr Finlay. 

-Mr Finlay showed from fust principles that e 
:::::: (1 + lin)" when n is large, but this converges 
rather slowly. Faster convergence is obtained 
with the allied formula 

e~[~] 
. n-1 

Now translate this to binary form, viz.: 

[
2"+1 ] · 2(n-l) 

e~---

2"-1 

This can be applied on an ordinary four-func- · 
. tion calculator, even without memory - pro
vided only that it will treat the display both as 
'multiplicand and multiplier (as most do). 

For instance, select n = 8. It requires little 
mental effort to fmd 28 = 256. Enter 257 + 
255 =. Then press X = .seven times. The result 
on my calculator is 2.7182703 - having ' an 
error, when rounded, of only one unit in the 
fifth decimal place. · 

ODDBALL IDEAS 
"Mixer", writing in the August issue, is con
cerned about the · shops which are closed to 
oddball ideas. Strangely enough, we academics 
(not my own choice of phrase, but more appo
site than 'we scientists,' which I might 
reasonably claim to be in the view of the lay 
public) fmd ourselves on both sides of the coun
ter in these shops. We are, it is true, sometimes 
bothered by 'flat earthers', if one might coin a 
phrase for the kitld of people that have alterna
tive ideas that are no more useful than one's 
own. But equally, we also send 'original' papers 
to unsuitable magazines, or the edjtor suggests 
that we have simply re-invented the wheel, or 
his referee has written the standar4 text book on 

the subject which is still selling well in its ump
. teenth paperback edition. 
- · But . what I think troubles me occasionally, 
and less reasonably, is the oddball letter that I 
fmd unintelligible. If a letter is couched in Ian

. guage that betrays an ignorance of the specific 
meanings of words and phrases that are com
monly used in scientific and technical in-

. tercourse, then there is no way that I can be sure 
that I understand what the author means. 
Sometimes I can pass it to somebody with 

-specialist .knowledge and hope that he can 
discover its meaning or lack of it. Occasionally I 
have been referred to in my turn, and only once 
have I been able to say 'yes, this chap is not. off 
.his rocker, his proposal is feasible, and may be 
useful' . And what of the 'seeker after truth' 
person, who is difficult to convince of the 
pointless task of seekllig right and wrong in 
physics? A physicist is more likely to 'borrow' a 
_new idea if he thinks it useful, than to reject it 
on the grounds that Newton was always 'right'. 
But it has to be couched in standard scientific 
language or it doesn't even get to flrst base. As 
Heaviside discovered. 

I am of course always fascinated by encount
ers of the Dingle-McCrea, Snow-Leavis, and 
. now in WW the 'Displacement Current', kind, 
;where the Gods are fighting it out way above my 
head, and cries of 'oddball' must disturb the 
calm of editorial offices almost daily. From the 
safety of mY ivory tower, I can enjoy the wrang
les of Tweedledum with Tweedledee for a mere 
60p a month. 
;Desmond Thackeray 
Department of Music 
tUniversity of Surrey 

'INERTIA OF THE 
ELECTRON 
In the article on the inertia of the electron by T. 
B. Tang in the May issue we fmd references to: 
·numerical coincidences which have been used to 
develop some possible models for the universe. 
·Dr Tang's interesting article could also be a 
plausible one and it is suitable for further de~ 
velopment. 

Just to add to the number of models, I de
vised another one which can be sUmmarized by 
the equation: 

c c e - - _-
( )

4 

G = _-. - -- -- Ya:(2 - a:) 
rr.h 2rr. 2rr. 

where G is the constant of gravitation, c the 
speed of light, e the charge of the electron, ·his: 
Planck's constant and a: is the fine structure 
constant. 

Of course there is a theory behind it where 
the electron is considered as a black hole with 
the result that both e and a: take up new dimen
sions, thus . rendering the equation dimension
ally balanced. But its real interest is that the 
accuracy by which G can be computed is much 
higher than any experimental value so far 
found. In fact,- · G comes out · to be 
6,673019:10- 11 N m2 kg-2 with a precision 
better than 20 parts in a million. 

It is still a coincidence? 
D. DiMario 
Milan 
Italy 

The author -repiies: 
The expression given by Mr Di Mario for the 
gravitational constant G may indeed be interest
ing because, as he has mentioned, G has been 
measure~ only to an accuracy of several parts 
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·per million whereas the four physical constants 
appearing in the. l.h.s. of his expression are all 
'known to better than several p.p.m. However, 
the resulting numerical coincidence can have no 
mean1ng when the expression is dimensionally 
·incorrect; I fail to see how the dimension of the · 
l.h.s. may match that of G, which is (lengthi 
(in the system c=h/2rr.= 1). The theory 
·mentioned in which an electron is considered as 
a black hole would, to me, be considered as a 
dark alley. 
T. B. Tang 

1ELECTRONIC ORGAN 
TONE FILTERS 

.Pipe organ technology is limited in its-ability to 
imitate musical instruments but the sounds pro
duced by combinations of organ stops are varied 
and pleasing. Electronic organs imitate pipe or-· 
gans and current developments are concerned 
with perfecting this imitation (Dr Pykett's arti- · 
cle in the October issue). Thus in general we 
have a good imitation of a poor imitation of a 
mixed bag of musical instruments - some obso
ilete (what were diapasons and cornopeans any
'way?). 

Surely it would be better to imitate electroni
cally modern musical instruments and thus have 
the modern symphony orchestra sound available 
-to the keyboard player - which was probably 
the goal of the original pipe organ builders in 
tl;teir time. (We could even see stops called 

·"Galway Flute" or "Perlman Violin" etc.) ' 
On a broader front, electronic musical instru-' 

ments lack any way for human beings to express 
themselves as compared with what they can do 
on conventional musical instruments which can 
be bowed, blown or struck. This results in gim
micky and sterile music without warmth. 

Perhaps the conventional forms of musical . 
iristrument expression input could be put into 
electronic instruments, which could then 
produce the sound of the best conventional in
strument of that type, e.g. bowed input would 
give the sound of a Stradivarius violin. Of ·. 
course it would also be possible to produce the 
best trumpet sound from a bowed input at the 
'flick of a switch! 
M. Robins 
Rugby 

· The author replies: 
Mr Robins's assertion that the pipe organ at: 
tempts to emulate a symphony orchestra is mis
taken. The organ reached its pinnacle of de
velopment as a musical instrument in Northern 
Europe during the Baroque era as exemplified 
by the works of J. S. Bach, well before sympho
nies or symphony orchestras appeared! The to
nal design of the better modern instruments is . 
mainly based on Baroque principles, though the 
presence of a few stops with "orchestral" names 

. is a legacy (not necessarily an unmusical one) 
from the romantic period around the turn of the 

'century. Therefore the organ is an instrument in 
its own right, and its musicillliterature has little· 
connection with that of the orchestra or any 

. other ensemble of players. Consequently there 
.are several reasons why a good imitation of the 
organ is a valid pursuit, not the least of them 
being that the electronic version is smaller and 
cheaper than the real thing and thus more suited 
to the domestic environment. 

With regard to his query concerning the 
names of stops, "diapason" is derived from the 
Greek - it has no cortnectiqn with any other 
instruments and is peculiar to the British organ .. 

www.americanradiohistory.com
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'"Cornopean" is probably a corruption of "cor
net a pistons" and is of Victorian origin. 

In widening the discussion to include other 
forms of electronic music we are going beyond 
rqe scope of my article, but Mr Robins's final 
comments call to mind the application of de
vices such as vocoders in modern music. His 
criticism that electronic instruments are unmu
sica.l is too generalised; any musical instrument 
is merely a machine for producing sound and 
the utmost in sophistication or craftsmanship 
cannot make good the inadequacies of an in
competent performer. A Stradivarius is indeed a 
wonderful instrument, but it would still sound 
appalling in the hands of many a beginner. 
C. B. Pykett 

The type of electronic organ Dr Pykett is des
cribing in his current articles is basically iden
tical with the Allen-Rockwell types which pro
duced from r.o.m.-plus-d.a.c. approximations 
to waveforms collected fr.om more than one or
gan. The largest of these belongs to the inde~ 
fatigable Carlo Curley who nearly filled the Al
bert Hall with people, not to mention sound, in 
an event involving also the resident Fath Willis 
.. organ and three or four catehdral organists . . 

l want to suggest that there are about twenty 
difficulties confronting the designer of 
electronic organs and wish Dr Pykett every suc
cess with them. I think it was at the Great 
Exhibition of 1851 that an organ was pcwered 
by steam to the extent that housewives thought 
it was the Last Trump and knelt to pray in the 
streets. By the turn of the century some church 

· organs roared very loudly indeed, nearly drown
ing the noise of the gas-engine driving the 

· blower. It took Albert Schweitzer to stop people 
ripping out baroque organs which among other 
things worked at a very low pressure and had 
broad lines on the frequency analyser, or in 
other words they produced filtered noise~ 

Strange materials such as pure tin are used for 
some pipes, and the board they are set in func
tions as a soundboard. This all tends to the 
production of a very complex sound on organs. 
One electronic organ constructed for an English · 
parish church used waveforms derived from 
bistables triggered by noise gated alternately to 

. R and S at the fundamental frequency, to 
broaden the spectral lines. 

Many amateur constructors seem convinced 
that each manual should have its own speaker 

. system and Curley's organ has 400 speakers. 
This resembles the situation where rock music 
can be played through normal speakers but a 
bass electric guitar has to have a specially strong 
speaker. There is perhaps a problem here of 
occasional peaks building up. Thus if one is 
simulating 100 pipes at different pitches sound
ing at 1 W each measured on the way to the 
speakers, with a single speaker system a IOkW 
capacity is needed to prevent overloading when 
all the peaks coincide,. to provide 100 times the 
sound peak pressure arising from one "pipe". 

I think there is room to doubt the validity of 
any approach which averages harmonic spectra 
right across the keyboard even though this is 
only four octaves. Piano design is based on 
systematic drooping of harmonic amplitudes as 
one ascends the keyboard; even t):len end-effects 
on the lowest strings give overtones which are 
not true harmonics and I would expect the same 
trouble with flue pipes. The point is important 
because it affects the choice between filtering 
out a tone and building it up from components, 
since a filter affects each note differently. 

Of course organ pipes have different enve
lopes for the different partials and presumably 
this will be a residual difficulty for some time to 
come. But pipe organs can only get more expen
sive and electronic organs, ho/fentlich, will ,get 
cheaper and better simultaneously. I recom-.,. ,./, 

mend that readers building organs simulate 
some reverberation, in fact a good deal of it, and · 
turn their loft into an organ loft lit only by a 
small lamp over the music rack, and pretend 
they're the cantor of Leipzig. 
Bernard Jones 
London WI 

FAILURE OF DISTRESS 
SIGNALS AT SEA 
With reference to Mr Wiseman's letter of June 
1979, although the gist of his remarks is rele
vant, some of his letter may prove very mislead
ing to non-seagoing readers. 

It is true that all ships compulsorily fitted 
with wireless telegraphy (i.e., those of 1,600 
gross registered tonnage and over) carry a bat
tery powered w rr transmitter operating on 500 
kHz. This is only an emergency installation and 
is a back-up to the ship's main m.f. transmitter 
which, today, has a p.e.p. output in the region 
of 1:5kW. . . 

The supply for the main installation is taken 
from the vessel's main distribution board fitted 
in the engine room. This is also covered by an 
emergency supply consisting of a diesel driven 
generator set of sufficient output capacity to 
provide all essential supplies should the main 
generators fail. This supply is so connected as to 
cut in automatically when the main power fails. 
From this is will be seen that in most emer
gency situations the ship's radio officer has 
access to his main W rr transmitter, the emer
gency diesel set usually being installed outside 
the engine room and above the water' line 
(mainly on the boat deck). . . 
· I should not like to take up Mr Wiseman's 
remarks about the aerial situation. It is my ex
perience that the loss of radiation can only be 
blamed slightly on deck or bulkhead feed
through insulators. The fault must lie in the 
practice of designing modern ships with the 
bridge, accommodation and engine room casing 
all on top of each other, leaving little room to rig 
a realistic aerial system. One can add to this the 
lack of thought whic;:h is put into using it effi-
ciently. · · 

Recently, while serving on board a 250,000 
deadweight tonnage supertanker, I had the very 
disturbing experience of not being able to raise 
any ship carrying a doctor in what should nor
mally have been good m.f. range. An engi
neering officer was suffering from second-de
gree scald burns and, although I knew that 
within help range there were at least five Rus- . 
sian, Polish or East German freighters or fish 
factory vessels (having passed a couple earlier), I 
could not raise one in reply to my emergency 
signals. In fact, a nearby British tanker, whose 
emergency alarm was activated by my signals, 

. advised me over v.h.f. that my signals were just 
about readable at under IS miles. 

Atmospherics were normal for the tropics, 
humidity was a little on the high side (but no 
more than had been experienced in past years) 
but the strain aerials were neutralised by a de
posit of salt from spray and carbon from funnel 
gases. The particular aerial layout consisted of 
two horizontal nine-metre lengths connected in 
parallel to a 13-metre downlead. This arrange
ment was slung between the signal mast on top 
of the bridge house and a 60-ft high funnel 
casing to the top of which it was secured at the 
end of a 3-ft iron bracket and held up by a wire 
hallyard made fast at the base of the funnel 
casing. 

Under normal conditions one could (with the 
transmitter in use) expect to register 10 amps on 
the aerial ammeter on 500kHz but as soon as 
any high humidity was experienced 1ae dropped 
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to 1 amp or less. Despite dropping the mairi 
aerial on as many occasions as possible (a 
practice frowned on by most ship's deck officers 
as it interferes with the essential work of 
painting) to wash off carbon and salt from the 
strain insulators, after a couple of days the old 
problems showed up again after dark. 

When one's main aerial was rigged between 
two high masts and led into the radio room 
using an aerial of the inverted 'L' or a 'T' con
figuration the problem was practically non-exis
tent. The writer remembers the many occasions 
when contact was established on m.f. with 
Capetown radio (ZSC) using an IMR M-lOOa 
half-wave rectified main transmitter at 2,500 
nautical miles, or Auckland radio (ZLD) at 
3,000 miles across the Pacific with the help of a 
Marconi type 380 Y4-Watt full-wave set. 

Okay! So it was at night, and in the tropics, 
and conditions were good, but normally -one 
could work within 500 miles to ·a shore station 
and over 300 miles to another shiP.. Today, even 
with the most sophisticated l.SkW synthesized 
transmitter one can get a better DX on the 
v.h.f. 

It is felt that more care should be used in the 
siting of modern aerial installations, or more use . 
(certainly in British ships, where the practice 
seems to be frowned on) made of the 'capaci
tan~e hat' type, or the folded unipole type, of 
free-standing radiators. Good examples of such 
installations can be observed on Norwegian, 
German or Swedish vessels (for the use of mast 
radiators) or Japanese ships for conventional 
types of aerials. 

However, when these points were raised re
cently (after my emergency experience) with a 
ship's superintendent, he raised his hands in 
horror at the idea of the vessel's owners being 
asked · to foot a bill of (his figures) $10,000 
upwards for a newly designed aerial system. 
When tackled as to whether seafarers' lives were 
not considered to be worth an extra $10,000, he · 
refused to commit himself. I wonder what his 
thoughts would have been if he had been chief 
engineer of my ship and his engineer officer had 
been the man to require medical aid. Probably 
he would have--put it down to the P.B.R/0. 

If this letter only makes some of your aerial 
design readers think, I shall be well rewarded. 
However, I must admit my remarks are going to 
be raised with my association for consideration 
by it, and all other seafarers' organisations. I've 
only one life; I don't want it to be jeopardised by 
a lousy bit of wire. 
John J. Boyd (Radio Officer) 
Birkenhead 
Merseyside 

LEVY ON BLANK TAPES 
I learn with some misgivings that the Mechani
cal Copyright Protection Society is considering 
the promotion of a Bill to allow the levying of a 
surcharge on the price of blank magnetic tapes. 

While I support the attempts of musicians 
and their agents to obtain a just reward for their 
labours, I do not think this is a suitable way to 
go about it. It sets a poor legal precedent, in that 
it attempts to penalise people for something 
they might do - akin to compulsorily levying ' 
the price of a dog licence from everyone in ca~e 
they may get a dog. 

Should the Society feel compelled to persist 
with this proposal, I would like to have their 
assurance that users of magnetic tape for pur
poses other than the duplication of copyright 
material will be exempted from this levy. As a 
reminder, these purposes include: dictation; 
word p~qc~~~ing; information storage in both 
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amateur and professional computing equip
ment; data logging; amateur recording of live 
music; tape 'letters'; recording of broadcast pro
grammes for · educational purposes; wildlife 
recording; recording of effects for amateur dra
matics; . recording of interviews and spoken 
pieces for local radio; telephone answering 
machines; and recording of messages trans
mitted by licensed amateur . radio . operators. 
R. C. Simmons 

. Chipping Norton 
Oxfordshire 

-ELECTRONIC IGNITION 
I have been interested to read of the problems 
your correspondents have been having with 
their electronic ignition systems. I used to have 
starting troubles with my car and decided to do 

. the · main switching of the coil by transistors 
·rather than using the contact breaker directly 
!or this purpose. The circuit is very simple and 
'costs less than £3 to make. It has now been in 
use for more than three years ( 40,000 miles), 

•'an.d . the points themselves are still in perfect 
·condition. The contacts still need adjusting 
. every 12,000 miles or so because there will be 
·wear on the cam foliower causing the gap to 
narrow slightly with age. 

· To co'ntact 
breaker 

BU208 

To co .i l 

c.ontact 
breaker 

type 

The circuit is as shown. With the contacts 
.closed, Tr1 is off, and hence Trz is hard on. So 
hard in fact that the voltage drop across it is in 

...the order of 0.3 volts. Since it is passing a cur

. rent of about 4 amps, it is only dissipating just 
.over 1 watt and has worked perfectly well with-
· out extensive heatsinking. 

The contact breaker is now switching just 
4mA at the most, and this is purely resistive, 

.: hence the total lack of pitting e~c. · 
"D. J. Cope 
··Southport 
Merseyside 

.: ADVERTISEMENTS IN 

. WIRELESS WORLD 
·As a regular Wireless World reader I think the 

·. number of full-page advertisements is excessive 
for the price of this otherwise interesting maga
zine. It would probably be true to say most 

· readers would pay another Sp orso to reduce the 
· full page ads that seem to increase in number 

every month. 
· The point is here that ads on lTV are free* 
. but in this magazine and others you pay to see 
. th~m. I realize this is a large source of income 
.. but it will not be if your readership is reduced 

· because of them. I think a better idea is to cut 
· down on some of the ads but increase those in 

the appointments section. With rising unein
. p~oyment this would serve a more useful pur
pose to help the electronics community as a 
'whole. · 
"Worried" 
Haverhill 
Suffolk 
*See the current editorial on this · ;~biect ' - Ed. 

TV VIEWING AIDS 
Mr Fred Holloway (October letters) has sug
gested that television sets should be provided· 
with headphone sockets for the benefit of 
viewers who are hard of hearing. May I suggest 
that there is also a strong case for the provision 
of this facility for another reason? In many 
homes there are conflicting simultaneous de-

. mands for television sound for one or more 
persons and quietness for others who may wish 
to read, do homework or listen t() the radio on 

:.Phones. · 
A related subject is that of room lighting. Use 

of the conventional room lighting reduces 
'effective luminance contrast, and colour satura
; tion, while the absence of lighting produces 
. eyestrain. At an early Television Society lec-
ture a manufacturer demonstrated a receiver 
with an illuminated area surrounding the 
screen. Such an arrangement would not be ap
propriate with today's larger screens, but I find 
that a 13-watt fluorescent tube fitted at the rear 
of a receiver provides a good "halo". (An incan
descent lamp of similar brightness would need 
to dissipate about 60 watts and would increase 
the ambient temperature undesirably.) 

It would be more convenient if manufacturers 
would provide these facilities . 
Roy C. Whitehead 
Sutton 
Surrey 

TV SETS FOR THE 
HARD OF HEARING 
In your Octobe~ issue Fred Holloway of the· 
Essex League of the Hard of Hearing recounted 
his difficulties in obtaining a television receiver, 
with earphone facility. The implication of 
course was that British industry was once again 
seen to be behind its foreign competitors. Not 
so - Decca produce 14in, 20in, and 22in sets all 
with a choice of headphones only or both loud
speaker and headphones plus tape recording 
and with full remote control if required. To this 
will be added in the autumn of this year a new 
range of 30AX models each with the same facili
ties. According to our information at least three 
other British manufacturers also supply sets 
fitted with earphone sockets. 

We shall be glad to send full details to any
body interested in this particular problem. 
Ian C .. Rule 
Decca Radio & Television Ltd 
Willenhall 
West Midlands 

Mr Holloway's letter in the October issue draws 
attention to the lack of headphone outputs on 
many tv sets, and the resultant problems for the 
hard of hearing. The following comments might 
be of interest to people in a similar position. 

Several sets, mainly portable types, have a 
3. Smm socket for use with a low impedance 
earpiece. This can be used with normal 
headphones and a suitable adaptor; the socket 
can be easily modified to stop switching of the 
speaker. If a socket is to be added to an existing 
set, an isolating output transformer is usually 
necessary due to the lack of an earthed chassis. 

For those who do not wish to modify the set, 
the following are available: small battery ampli
fiers using a microphone placed near the 
speaker and a lightweight headset or phones; for 
those with a suitable hearing aid, similar 
microphone amplifiers to drive a simple induc
tive loop placed round the room~ Several fi!ms 
including ourselves make suitable models. The 
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RNID also issue a leaflet on the various types of 
"aids" available. · 
P. Royall 
Sarabec Electronics 
M iddlesborough 
Cleveland 

INDUSTRIAL ROBOTS 
Granted that industrial robots have been 
successfully applied to routine repetitive tasks 
in the automotive industry, the question 
nevertheless flrst arises as to whether we want 
every motor car on the road to look and be like 
every other. If, as you say in September News, 
"the natural growth area lies in flexible manu
facturing systems, where a large number of dif
ferent product types will be demanded by an 

· increasingly sophisticated market", the answer 
to the question seems to be definitely in the 
negative. _ 

If that is so, we may not need robots to make 
motor cars, or indeed much else, for that mat
ter. There might well come a time, for example, 
when I may not like to have my motor car· 
designed or built by anyone or anything that 
cannot properly appreciate Beethoven's · 4th 
symphony or Renoir's "Le Moulin de Ia Ga
lette", i.e. that cannot clearly distinguish be- · 
tween good art and bad art. A high level of 
sophistication maybe, but one that is certainly 
conceivable to me. 

The amount of "fast-acting tactile, visual and 
aural sensory devices" that you would have to 
build into a robot to enable it to meet this level 
of sophistication would certainly have . to be , 
pretty enormous. I would respectfully suggest, 
therefore, that one might have much better 
luck, or success, by endeavouring to employ 
some of the two million unemployed "fast-act
ing tactile, visual and aural sensory" individuals 
who are at present on the labour market. 
Peter G. M. Dawe 
Oxford 

AERIAL INSULATORS 
AT SEA 
John Wiseman, in his August letter on the 
subject of the distress frequency at sea, has 
clearly defined the necessity for thoughtful an
tenna design, with fewer (parallel) insulators, 
better shielding, and greater capacitance. Mr 
Wiseman also makes reference to the Admiralty 
Handbooks, and I would like to supplement his . 
reference by quoting from the 1931 Edition as 
follows: "It is, therefore, the duty of the wireles 
staff to keep all these scrupulously clean, espe
cially after heavy steaming, heavy rain or bad 
weather; since under these conditions the insu
lators will probably be covered with a semi
conducting layer of 'stokers', dirt, or dried · 
salt." , 

It is the semi-conducting layer that spoils 
radiation, not so much a flushing of the insula
tors with rain or sea-water. Thus, if the insula
tors are cleaned regularly, as their Lordships of 
Admiralty once instructed, it is almost a cer
tainty that no difficulties will be experienced 
except in special circumstances such as arise in 
areas ·like the Persian Gulf, where sand and 
spray may combine. 

With the modern base insulated medium fre
quency antennae, the cleaning of the insulator 
poses little difficulty, and there is no excuse at 
all for it to become salt, stokers, or dirt en~ 
crusted. 

Mr Venekamp's low . impedance antenna 
(August letters) may contribute to a solution, 
but I don't think we should avoid cleaning it. 
P. J. W. Sawyer 

' Natal, Republic of South Africa 
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E.p.r.o.m. 
programmer 
A low-cost programmer for use 
with Intel 2716 e.p.r.o.ms has 
been introduced to the market by 
Technova Developments Ltd. 
After a sequence is written into the 
programmer, addresses can be in
cremented automatically. Also, 
addresses already entered can be 
selected for verification and/or alte
ration to allow possible errors to be 
corrected before the e.p.r.o.m. is 
programmed. Crystal control is 
used for the program pulse length 
to increase programming reliability 
and, at a one-off price of 
£475+v.a.t., the unit could be use
ful to development engineers who 
wish to program e.p.r.o.m.s for 
prototypes, or to modify existing 
programs. Technova De
velopments Ltd, Francis House, 
Blofield Heath, Norwich, Norfolk 
NR13 4SF. 

ww 301 

·Microwave 
detector 
Now that microwave ovens used in 
hotels and restaurants must comply 
with the regulations of the Health,~ 
and Safety at Work Act, the need 
for cheap, simple but effective . 
methods of detecting mkrowave 
leakage has increased. This battery
powered "pocket" tester, the 
model TS256 from Bach-Simpson, 
gives both an audible and a visible 
alarm when r.f. leakage greate.r 
than 4.5inW/cm2 is detected, and its 
·otdy control is a combined on/off 
and "battery-test" switch. De
signed for use in the ISM band, the 
TS256 is calibrated at 2450MHz 
and is said to be practically immune 
to failure caused by excessive field 
strength or physical abuse. Possible 
leakage is detected by simply 
switching the tester on and passing 
it around the seals of the oven, the 
only stipulations being that the 
oven is switched on at "high", and 
has been for a period of one minute 
prior to testing, and that the oven 
has in it a plastic vessel containing 
around 275ml of water. The price 
of the TS256 is £24.50. Bach-Simp
son (UK) Ltd, Trenant Estate, 
Wadebridge, Cornwall PL27 6HD . . 

ww 302 

Hard-cbpy unit 
High-resolution, continuous-tone 
copies can be produced in a matter 
of seconds from raster-scan video 
sources using the Tektronix 4364_ 
imaging hard-copy unit. With an 
image of 15 x 20cm, the copier uses 
a fibre-optic cathode-ray tube to 
record onto dry-silver paper with-

ww 301 

ww 303 

out the use of toners or developers . 
Front control panel and front paper 
load/exit allow the unit to be unob
trusively mounted into a video 
system. The 4634 is self-contained, 
usually requires only a single cable 
connection and can be interfaced to 
most video sources whether anal
ogue or digital. An a.g.c. circuit is 
included which tracks the input sig
nal to reduce the . effects of varia
tions at the input and a grey-scale 
range with twelve levels is also fea
tured. The makers say that the unit 
was designed to provide photo-

graphic quality images and claim it 
is a cost-effective alternative to 
other 'display recording devices 
with a similar image quality. Tek
tronix UK Ltd, Beaverton House, 
P .O. Box 69, Harpenden, Herts . 

ww 303 

M iniature motor 
With a supply potential of 1.2V, 
the 712L d.c. motor from Partes
cap can develop . a mechanical 
power of 70m W although it mea
sures only 7x 12x 16mm. These 
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features, together with a starting 
torque of 2~5x w-4Nm, a no-load 
speed of ll,OOOr.p.m. and low
inertia, are said to have been made · 
possible by combining the use of 
new materials with established de
sign techniques. Gold-alloy 
brushes, samarium-cobalt magnets, 
sintered-bronze bearings and the 
maker's ironless rotor are ·an in
cluded in the design. Portescap 
(UK) Ltd, 204 Elgar Rd, Reading 
RG2 ODD. 

WW304 

Strain meter 
Field measurements can be made 
with the DMD20 battery powered 
and portable strain meter with digi
tal readout. Hottinger Baldwin 
Messtechnik GmbH, represented 
by Carl Schenk Ltd, manufacture 
the instrument which provides· 
energizing for transducers, and'. 
operates with a carrier frequencyof 
225Hz. Strain-gauge half and full 
bridge circuits with resistances 
from 60 to 2000!1 can be used in 
conjunction with the meter to indi
cate strains of up to ± 1999~-tmlm 
and gauge matching and balancing 
facilities are built in. Although pri
marily designed to indicate static 
values, the meter has an analogue 
output which allows the recording 
of low-frequency dynamic values 
also. The same manufacturers have . 
also announced extensions of their 
range of strain gauges. Carl Schenk 
(UK) Ltd, Stonefield Way, Ruis
lip, Middx HA4 OJT. 

iWW 305 

Continuous 
coverage 
receiver 
Any frequency in a range from 
50kHz to 29.7MHz can be tuned 
in, using the McKay DR 33C com
munications receiver, distributed 
by Lee Engineering Ltd, which 
makes use of phase-locked digital 

'frequency synthesis, with crystal 
control, to enable continuous and 
accurate coverage of the full range, 
and a large, six-digit, display for 
frequency readout. Demodulation 
for either a:m., u .s.b., l.s.b. or 
c.w. (also r.t .t.y. with an external 
converter) is switch-selectable, as 
are r.f. filtering, which ranges from 
four to eight kHz, and noise limit
ing. A high-level r .f. front end, ::).nd 
a double-balanced diode ring-mixer 
are used for good i.m. rejection and 
sensitivity; whilst crystal filters in · 
the first and second i.f. amplifiers, 
and a ceramic filter in the third, are 
provided for the rejection of all un
desired frequencies and good 
selectivity. A.m . envelope detec
tion is carried out using a class D 
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configuration, which has the advan
tage of giving low-distortion, even 
at high modulation levels. Varia
tions on the DR 33C model are 
available, as are an active all-wave 
antenna, and passive r.f. preselec
tors ranging from 0 to 30MHz in 9 
bands. The DR 33C costs around 
£950. Lee Engineering Ltd, Napier 
House, Bridge St, Walton on 
Thames, Smurrey KT12 lAP. 

ww 306 

Keyboard 
protection 
Moulded rubber covers to protect 

.keyboards can be made to manufac
turers' specifications by Kea Flex 
Ltd. These covers make possible 
the use of keyboards outdoors and 
in dusty, humid enviroments such 
as process plants and mills. One 
such cover already made by this 
manufacturer for Racal Datacom WW 307 
has individual raised keypads to im
prove tactile response, bonded 
white key symbols, and is made 
from silicone rubber to give it 
mechanical flexibility and resis
tance to high temperatures and 
chemical contamination. Kea Flex 
say that they can provide a com
plete design, development, tool
making and moulding service 
specially geared to handle difficult 
customer requirements. Kea Flex 
Mouldings Ltd, Broxhead Works, 
Linford, Bardon, Hampshire. 

ww 307 

16ic modem 
The world's first 16,000bit/s mo
dems to be made available commer- · 
cially is the claim made by Plessey WW 308 
for their 16000 series. An improve
ment on the 16001, the first design 
in the series, is expected to be avail
able in January and is designated 
the 16002. The second version is 
suitable for data communication as 
weU as digital speech transmission 
and also offers improved perform
ance on poor lines . Quadrature am
plitude modulation has been chosen 

.·as the 'means of carrying informa
tion over voice frequency lines as it 
offers high noise immunity. The 
two carriers in quadrature are at a 

· frequency of 1700Hz and each can 
have eight possible amplitudes. In 
order to reduce the effects of line WW 306 
noise which would normally cause 
unacceptably high error rates , a for-
ward correction module will also be 
available as an optional extra. Ples-
sey Digital and Network Systems · 
L td, Taplow Court , T aplow , 
Bucks. 

ww 308 

Humidity contro'l 
switch 
Natural hair is used as the sensing
element in this control unit , the 
Regin type-HR room humidistat 
from Appliance Components Ltd: •. 
Any desired relative humidity limit 
value from 30 up to 90% can be set WW 309 
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using a dial on the front of the unit, 
and the hysteresis of the limit 
switching point is low at ± 1.5% 
r.h. The taut hair of the sensor 
stretches as the humidity of the air 
around it increases. This means 
that if the sensing-element should 
break, become wet or not be recali
brated after a certain period of 
time, the humidity of the room will 
tend to decrease rather than in
crease, an inherent safety function 
not found in for example cotton
type sensors which shrink with in
creasing humidity. Calibration of 
the 165x60x38mm wall-mounting 
unit is simple, and its control 
microswitch has a contact-rating of 
lOA at 480V a.c. into a resistive 
load. Possible applications of the 
type-HR include the control of 
humidity in computer rooms, air
,conditioning systems and labora
_tories. The 100-off price is around 
£17.34 per unit. Appliance Compo
nents Ltd, Cordwallis St, Maiden
head, Berks SL6 78Q. 

ww 309 

C.r. t. controller 
Design aims of this r.o.m. 
programmable c.r.t. controller 

·were to reduce the manufacturing 
costs of intelligent c.r. t. te_rminals, 
word processors and information 
display equipment proquced in 
large quantities. The S68045 from 
AMI Microsystems Ltd is pin com
patible with existing software 
programmable devices and can 
directly replace those such as the 
MC6845 and SY6545 once charac
ter fonts and display formats have 
been established. Two complete 
character and display programs are 
stored in r.o.m. in the S68045, 
which makes use of the same power 
supplies and clocks as the devices it 
is to replace. This offers, the manu
facturers say, cost savings of up to 
40%. AMI Microsystems Ltd, 
Princes House, Princes St, Swin
don, Wilts SN 1 2HU. 
ww 310 

F-V converter 
Low drift and high reliability are : 
claimed for the Teledyne Philbrick 
4736 hybrid frequency to voltage 
converter which is available 
through Technical Selling Services. 
With a guaranteed linearity error of 
less than 0.008%f.s ., the 4736 can 
operate at frequencies of up to 
lMHz and gives an output voltage 
which is linearly proportional to the 
input signal frequency regardless of 
the waveform used. Mounting onto 
a p .c.b. is simple as the hybrid-type 
package used has a 24 pin d.i.l . 
layout. Minimum and maximum 
input potentials are 1.6V (threshold 
voltage) and 12V respectively , 
while the maximum output voltage 
is 11 V, and the maximum output 
current is 20mA. Versions are avail
able which have undergone 100% 
screening similar to MIL-STD 883, 
method 5008. Technical Selling 
Services, 80a High St, Camberley, 
Surrey GUlS 3RS. . 

WW 311 
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Al l very well, but . . 
It isn't often· I can report what seems to me 
a hopeful sign of renascent sanity, but it's 
all the more welcome for its rarity. If you 
can be bothered with the rest of the issue 
after reading this page, you may come 
across a piece by one of our hacks on air 
traffic control in which the said hopeful 
sign makes a brief appearance. 

In a few year's time, it is the intention of 
the civil aviation people to provide air traf
fic controllers with all manner of compu
tery, which it is hoped will enable them to 
see what is going to happen in about a 
quarter of an hour unless they tell the 
pilots to do ,something else. In this way, 
they will be able to tell whether everything 
will proceed in an orderly and thoroughly 
British manner, or whether there is going 
to be an almighty bang. 

To the naive, this is just the ticket, and 
one might imagine that controllers would 
be absolutely delighted to exchange impor
tant parts of their anatomy for such equip
ment. But air traffic controllers are not 
noted for their naivete, and engineers 
rather less ·so, if anything, so they're all 
looking at the gear through noticeably nar-
rowed eyes. · · 

What they don't like much, they say 
(and the people developing the stuff quite 
see their point) is that the displays are so 
convincing that they find ~hemselves tak
ing the computer's word for Gospel, and 
they're realistic enough to insist that noth
ing is that perfect. Well, you can see what 
they mean - when a couple of airliner 
captains come on the air to point out that 
they haven't been trained for close-forma
tion flying, and would you mind awfully 
making the other one go away, it is absolu
tely not on to explain that it's all right 
really, because the computer says so. 

So, you see, there's hope. So lo~g as 
there are some people left who can still say 
"Yes, but ... ", we can rest easier in our 
economy-class, battery-passenger cells. 
11 

• • • by any means 
make money" 
"It is in the game for profit, and the ser
vice it provides is incidental, a means to 
that main purpose." Thus the editorial at 
the other end of this month's issue, inde
pendent television being the target. 

It is just possible that there may be a 
couple of you out there who think the 
above remark is going a bit far . The pro
grammes aren't that bad, you might think, 
and they have to show adverts to pay for 
the programmes, which are obviously the 
reason for broadcasting at all. They are, 
aren't they? Well, actually no, they're not. 
The programmes seem to be regarded by 

the companies as a rather time-wasting and 
expensive way of filling the time between 
adverts. Admittedly, with some of the 
stuff they put out, I wouldn't argue with 
them but for a method of propagating 
infor~ation as prodigal of bandwidth as 
television to be used by a few people to 
make vast amounts of money by advertis
ing seems to me obscene. 

I can vouch for the prevalence of this 
view of television among the companies 
and will illustrate it by reference to a visit I 
once paid to Yorkshire Television. I'd 
gone there to see some new equipment 
they'd had installed, and arrived just after 
a breakdown lasting some hours. I com
miserated and said "How awful" and 
"Dear dear" and all the usual things and 
was a bit taken aback when the very senior 
engineer I was talking to said that it hadn't 
been all that disastrous, really, because 
they'd only lost about fifteen minutes. 

Apparently the loss of several pro
grammes didn't count: it was the fifteen 
minutes of adverts down the drain and the 
consequent loss of revenue that had caused 
them to hop around briskly mending fuses 
or whatever they do. So there you are :...... 
never mind the programmes; feel the ads! 
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seems harmless enough. But to call an : 
electronics magazine after a hairy-footed 
denizen of Middle Earth does indicate a 
certain self-imposed limitation in circula
tion figures. We shall see, but it's going to 
need some very explicit covers if confusion 
is to be avoided. Maybe they don't read 
Tolkien in Holland: or perhaps Hobbit is · 
spelt with a lot of 'j's and 'k's in Dutch - I 
wouldn't be a bit surprised. · 

Best of luck to Hob-bit, anyway. 

Real estate 
As befits a journal with a readership of 
Wireless World, the standard of letters we 
receive is a cut above the normal run of 
'letters to the press'. I have been terribly 
impressed by all the erudition displayed 
over displacement current and .electrons, 
and only wish I could contribute myself. 
But I have always thought it important to 
know one's limitations, and displacement 
current, relativity and many other rarefied 
subjects are well on the 'no-go' side of 
mine . 

I do feel, however, that all this about e 
ought not to be allowed to go un
recognized. You never know when you 
might be caught short without either gues-
sing stick or calculator, and experience an 
urgent need to know the value of e. I've 

The game of the name noticed several letters offering valuable ad~ 
The Dutch are a fine race, and I have often vice here, and this is an area where I do 
thought it was a crying shame they never think I could be of assistance. I doubt 
learned to speak properly. Still, they do whether many folk would be able to re-
keep trying, and to prove it, a Dutch pub- . · member those funny sentences, such as 'In 
lisher recently sent a letter, couched in the · Wapping, a quantity of penguins I 
unlikely combination of characters that I · glowered at grumpily fled', so I've come 
am reliably informed passes for a language up with another idea. 
over there . Words like 'wij' and 'mogelijk' My method could be used in any cir-
abound. cumstance, but preferably while standing 

Now, my adventures in foreign Ian- in a 54.365636568 acre tract of land - a 
guages, apart from those that are dead and wood, or moor or whatever is to hand: one 
therefore 'useless', have been confined in of the Ordnance Survey plans should be 
the main to a discussion of extraordinary helpful here. Stand there until you have 
femaJ.es who, for some inscrutable reason, managed to attract the attention of twenty 
insist on keeping a supply of pens in the passers-by - more or less could be used, 
garden. I am not, therefore, }Yell prepared but the arithmetic becomes inconvenient. 
to decipher communications even in single Now get them to distribute themselves 
Dutch. Luckily, the newest member of equally over the area you have chosen 
our editorial team has been exposed to the . (offers of money or quantities of alcohol 
lingo for some years and is aqle to make make this easier). This done, you mark out 
sense of it. So I asked him to cast his eye the land by drawing lines exactly midway · 
over it and give me the gist, which he did. between people,. and then you can tell 
· It seems that two magazines, Elektronica them all to go away. It should be possible 
Hobbie and ELO.are to merge under a new to do this without causing offence, but if 
name, which they have decided is to be not, you might find it necessary to feign 
Hobbit. It does have a hyphen - Hob-bit madness - this often averts aggressipn. It 
- but it is pretty clear that it has appeared only remains to measure one of the small 
in translation. areas enclosed by the lines you have 

I have no quarrel with the name Hobbit. drawn, which will be found to be 
As names go, it is a perfectly good name. I 2.7182818284 acres . 
am not sufficiently enthusiastic about it to Alternately, you could try remembering 
want to read books on the subject, but it 2.7 1828 1828 4. 
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~-----------------------
Please send me the following: 

. Quantity Model Price 

······· · ··· · ···· ··· · · ·· · · · ·········· · · · ANTEX (Electronics) Ltd .• 
Mayflower House. Plymouth. Devon. 

Telephone : Plymouth (0752) 67377/8. 

------------------------------i 
0 Please send me the Antex Colour Catalogue. 
I enc lose cheque/P.O./Cash Value 
Name .. . .. .. . . . ...... . . . .. .. . .. . . ..• .. .. 
Address .• .. . . .. . .. . ............ ... . . • .. 

i 
I 
I 
I 
1 
I 
I 

··· ·· ····· · · · ·. . . . . . . . . . .. . . . . . . .. . . . .. I 
. . . . . . • • . . . • . . • . . • . • • . . • . . . • • . . • • • . . . . . Telex: 45296 Giro: 25810100 Telephone : • . • . . . . . . . . . . . . . . . . . . . . . . . . . . • . 1 

---------------~-~------- Stocked by many wholesalers and retai lers or direct from us .. ~,-----------------~~~~-J 
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The new 

BOB-1 
Breal< -out Box 
* V24 Terminal interface activity tester 
* Pocket-size * Battery-powered 
* LED indicator 
* Dual-in-line switch control 
* Simple to use. 

BoJrneErd (06285) 24977 ortelex849408Trend G. 
Trend Communications Limited, !· 11 PHilDmJ ~I:MuNICATKJNs . 'f ..... ,_,. DIVISION 

Knaves Beech Estate Loudwater. H1gh Wycombe. Bucks HP10 90Z. 

WW- 103 FOR FURTHER DETAILS 

P.O. BOX~. 34 SEAFIELD ROAD, COPNOR, PORTSMOUTH. HANTS., New, full apec. device• 

***************************** Jt SPECIAL OFFER . Jt Jt LED ALARM CLOCK MODULE with bright 0,7" LED display and switched alarm Jt ..._ output. Just add mains transformer and time sett1ng SWitches for operational clock. At the Jt 
-t~:i;;e;:·:;i::c:l:·;i:d;;:;t;~:******t 
SOUND EFFECTS MODULE Brand new, designed for 'Spaceman' toy . Gives 5 audio/visual programs. Requires B ohm speaker (not supplied. 15p. Cat. No. 108 LED DISPLAYS Red, common anode. 0.3" digits wtth crisp. bright segments. 14 pin OIL package. 
Super value at liZp. Cat. No . 313 . POLARISING FILTER MATERIAL 0.006" thick plastic film. Any size cut- even 1 sQ. inch . Mo.. width 1 9", any length. Only 3p per sq. inch . Cat. No. 701 . GIANT LED DISPLAY Common cathode, non-nulttplexed super 4 digit LED clock display. Lots of 
other uses too . Only E3.15 each . Cat . No. 204 DIGITAL ALARM CLOCK CHIP MM531 6 alarm clock chip. With data E2.35. Cat. No. 203 MINI I DIGIT LED DISPLAY 8 digit, 7 segment calculator style display. Common cathode, multiplexed, with 0.1" high digits. lip each. Cat. No. 31 2. . . . LM565 TIMER I.C. An extremely versatile I. C. to sattsfy most of your urner reqUirements . W1th data/applications booklet. Only 25p. Cat. No. 407 20 KEY KEYBOARDS. Calculator keyboards, e.cellent key action . 20 keys per board . 2 keyboards 
forllp.Cat. No. 101. . .. DIGITAL MULTIMETER CHIP Builds into high accuracy dvm or panel meter. Aeqwes add•ttonal circuitry. With data and circuit. MM5330 only [3.55. Cat. No. 404 0.1 " LED WRISTWATCH DISPLAY. High brightness display in 'legless flashback' styie package. !Requires 1 fairly fine soldering. With data. lip ea_ch or 2 for £1.50. Cat . No. 20g . : MOMENTARY SWITCHES Miniature push button switches (spnng loaded) with one normally 
sii~Eo;;~l~t.:~;a~:;,~~ i!~::lf~~ ;!1ic~0.;, i~~~ pole change-over contacts All brand new 16p 
each. Cat. No. 802 . 2102 MEMORIES (static RAM's) . A snip at lip each. With data . Cat. No . 102. RESISTORS 1 ohm to 10 megohms Ei 2 series. 2 ohms tot megohm E24series. •;.w. 5% 21f•P 
each of 8p for five of same value. CAPACITORS 25V ....,_lytic:e 1 .0, 2.2. 4.7. 10uF. 8p each . 22, 47uF. Bp each. 100uF. 1Dp 
each. 220uf. 1Zp each. 470uf. 18p each 100v Myler 0 .001. 0.002. 0.0033, 0 0039, 0.004 7uF, &peach. O.Ot, 0.022 , 0.025, 0.033uF , 
7p each. 0.04. 0 .05. 0 . 1uF. lp each. 100v ,.....,;c plolte 1.8pf to 47pf, Sp each . 56pf to 4 700pf. &peach TRANSISTORS BC207 . 15p each. BC25t B. 15p each . BD 135 , 28p each . BD t36 . 28p each . · DIODES 1 N3470, 4p each or 25 for 50p. 1 N4003 . 5p each. 1 N4 148, 3p each . t N4 151, 5p each or 1 0 for 35p. . .. CALCULATOR CHIP Nortec 4204. 4 function and constant. Not compattble w•th our calc . kbds. With data and calculator circuit. lOp. Cat. No. 408 . BRIGHT ORANGE DISPLAY 9 digit, 7 segment gas discharge display . 0 .25" high digits. With 
data, only 75p each. Cat . No .3 10. 

Unteatecl Item• FLUORESCENT CALCULATORS Manufacturers rejects . Most repairable but no guarantees. 10 function with full memory . With ' repai ri ng calculator' info £2.50. Cat . No . 107. LED DISPLAYS (untested -no guarantees) 10 segment LED displays. 0.127" digits. common 
cathode . 1 0 for lip. Cat . No. 3 1 t 

POST AND PACKING PLEASE ADD ~P (OVERSEAS ORDERS ADD £11 LOTS MORE GOODIES IN OUR CATALOGUE, SEND MEDIUM SIZED ·sAE. FOR YOUR' 
FREE COPY 

SATISFACTION GUARANTEED Oii'Al.L ITEMS 011 FULL CASH REFUNDED 
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It's easy 
to complain 

about 
advertisements. 

'The Advertising Standards Autltority.' Han advertisement is wrong, we're here to put it right. 
A.S.A. Ltd., Brook House,Torrington Place, London WClE 7HN. 

TARGET ELECTRONICS 
18 Chelfy Lane, Bristol BS1 3NG 

Telephone: 0272 421196 
OFFICIAL ORDERS WELCOME . GVT . & EDUCATIONAL DEPT. , ETC. 

Panel tleters 

Dims :· 50 x 4G )( 33mm. Requ ire 38mm riia. cut out 

Dims: -

"' 

"' 
"' "' 
131 

'" T) ) 

"' 

0 · 5QIJA 
0 lOO U A 

0 · lMA 

Cl SO~A 
0· IO OMA 

0 · 1 AMP 
0 · 2AMf' 
0 · 25 Volt• 
0 50~ 1\C 

50 · 0 · ~0 U/1. 

3.75 + 15% 
P&P 35p 10+ 
10% Discount 

NASCOM IMP PLAIN PAPER 
PRINTER 

The Nascom IMP (Impact Ma!fl)( Printer ) features· 
• 60 hnes per mmute • 60 characters per line • Bi· d~rectton al pnntmg • 10 line pnnt buHer • Automatic 
CR! LF • 96 characters ASCII set (includes upper /lower 
case. $ . £.1 • Accepts 8-;- paper (pressure feed). • 
Accepts 9r paper (trae1or feed) • Trae1or l pressure leed • Baud rate from 110 to 9600 •External s1gnal tor 

~~:~o~a!s!~~~h~~~~~~:~~~~~c~au d £325 • VAT 

Dims:- 110 x 82 x 35mm. Reauire 58mm dia. cut out 
eoNE QUA.LITV-

Illuminating ki t for meters T21-T43/0430450 
[ .. " I lOp + 15%VAT I 

Dims: - 52 x 52 x 33mm. Require 45mm dia. cut out 

NASCOM2 
Kit Includes all parts to bui ld CPU board which has 
resident6K microsoft BASIC and 2K NAS-SYS 1 monitor 
for machine code programming. 

Included with k1t IS a fully assembled LICON QWERT':r' 
SOLID STATE KEYBOARD specially destgneo to explo~ 
:~~~e~~::ao:~~!~~;~;;:mo;~:~r T~~";~~~~s 
standan.1 cassette interface (30011 200 baud) or 
RS232/20mA teletype 1n1ertace 
In addrt•on to tun character generator graphics ROM Is 
provided to g1ve BASIC on board g raphics capability 

System_ uses ZBOA WhiCh giVes Nascom 2 K1t Price 
se~ectabil tl)'betweeO 2or4MHz £225 • VAT 

ro~::.:r~~~'oi ;:;: NSau~~~et ~~lr· 50 
or 2 and memory expanSIOn 

NASCOM DI STRIBUTOR 

IWICU'IURD 

We can offer you Barclaycard or 
Access facility, just telephone your card number to 

place an order. -VISA - -WW- 047 FOR FURTHER DETAILS 

WIRELESS WORLD DECEMBER 1980 

·ai< ON BOARD MEMORY! 
5K RAM , 3K ROM or 4K RAM , 4K ROM (link select

. able) . Kit supplied with 3K RAM . 3K ROM . System 
expandable for up to 32K memory . 

2 KEYBOARDS! t 
56 Key alphanumeric keyboard for entering high level 
language plus 16 key Hex pad for easy entry of machine 
code. 

:t:;RAPHICS! 
:' 64 character graphics option - includes 
transistor symbols! Only £18.20 extra! . 

MEMORY MAPPED 
High resolution VDU circuitry using dis
crete TIL for extra flexibili1y. Has its own 
2K memory to give 32 lines for 64 cha-

. racters. 

KANSAS CITY 
Low error rate tape interface . 

PSI COMP 80 
Z80 Based power1ul 
scientific computer . . 
Design as published 

in 
WIRELESS WORLD 

0 

2 M.ICROPROCESSORS 
Z80 1he powerful CPU wi1h 158 instruction including all 
78 of the 8080, controls the MM57109 number 
cruncher . Functions include + . -. ·. I. squares, roots , 
logs exponef1)1als. !oa functiOllS . inverses. etc. 
Range 10:-99 to 9 x 1 9-99 ro 8 figures plus 2 

. exponent d1gtts. 

EFFICIENT OPERATION 
Why was1e valuable memory on sub routines for 
numeric processing? The number cruncher handles 
everything interna lly! 

RESIDENT BASIC 
With extended mathematical capabili1y. 
Only 2K memory used but more powerful 
than most 8K Basics! 

1KMONITOR 
Resident in EPROM . 

SINGLE BOARD DESIGN 
Even keyboards and power supply circui-
~l~t~d t~~~u~'tf-~~~e ~c~ity double-sided 

. COMPLETE KIT 

NOW ONLY 

,£225 +VAT!. 

Cabinet size 19.0" x 15.7" x 3.3" Television no1 included in price 

.Th~ kit for this outsta~dingly practicai design by John Adams published in a senes of arttcles m Wtreless World really is complete! 

Included in the PSI COMP 80 scientific computer kit is a professionally ftmshed cab1net, f1bre-glass d?uble s ided , plated-through-hole printed 
ClfCUit board. 2 k~yboards PCB mounted for ease of construction , IC sockets, hogh rellabollty metal oxide resis1ors. power supply using custom destgned toro1dal transformer, 2K Baste and 1 K monitor in EPROMS and of course, wire, nuts, bolts, etc . • ' 

KIT ALSO AVAILABLE AS SEPARATE 
PACKS 

For those customers who wish to spread their purchase or build a 
per~naltsed,~ystem the ki1 is available as separate packs e.g. PCB 
_(16 X 12.5 ) £43.20. Pair of keyboards £34 .80. Firmware in 
EPROMS £30 .00 . Toroidal transformer and power supply 
components £17 .60 . Cabinet (very rugged, made from stee l really beautifully finished) £26 .50 . P.S . Will grea11y enhance any 
o1her s.mgle board computer mcluding OHIO SUPERBOARD for 
~~~:L~~a~Ebe readily modified . Other packs listed in our FREE 

PSI COMP 80 Memory Expansion System 
Expansion up to 32K all inside 1he computer's own cabinet! 
By carefully thought-out engineering a mother b·oard w ith buffers and its own power supply (powered by the computer's transformer) enables up to 3 BK RAM or 8K ROM boards to be f11ted neatly inside the computer cabtnet. Connectoonsto the mother board from the main board expansion 

. socket 1s made vta a rtbbon cable . 

Mother Board : 

8K Static 
RAM board 

SK 
ROM board 

Fibre glass double sided plated through hole PCB ' 
B .7"X3 .0" se t of all components including all 
brackets, f•xing parts and robbon cable w ith socket 
to connect to expansion plug £39 .90 

Fibre glass double sided plated through hole PCB 
5 .6"X4 .8" ................ £12.50 
Set of components including IC sockets. plug and 
socket but excluding RAMs . . . . £11 .20 
2114L RAM (16 required) . . . . . . . . . £4 .50 
Complete set of board, components, 16 RAMS 

£89 .50 

~i-~.~ ~~s~.~ouble sided plated th rough hole PCB 
..... . .. ... .. £12.40 

Set of components including IC sockets, plug and 
socket but excluding ROMs .. . .. .. £10.70 
2708 ROM (8 requ ired ) . . . . . . . . . . £6.00 
Complete set of board , components, 8 ROMs 

£68.50 

IIEWI ETI VOCODER 
COMPLETE. KIT 

ONLY £195+VAT 

Published in Electronics Today International 

Panelllize 19.0"X5.25". Depth 12.2" 

14 CHANNElS! 
NOISE GENERATOR! 
SLEW RATE CONTROL! 

·2 OSCILLATORS! 
voiced I unvoiced detector! 
LED PPM METERS! 

Kit includes FREE foot control and test oscillator! 
Like. all our kits, the ETI V~CODER really is co_mplete- fully finished metatwortt; profeatiional quality components (all resoatora 2°/o metal oxodej, nuts, bolte, etc. -even a 1 3A plug! 

Value Added Tax not included in prices 

OUR CATALOGUE IS FREE! WRITE OR PHONE NOW! 
PRICE STABI LITY: Order 'with confidence! . Irrespective of any price changes we wtll hon?ur all prices in 1his advertisement until January 31st. 1981 , of thts months advertisement is mentioned with your order . Errors and VAT rate change excluded. 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER HANTS SP1 0 3NN 

ANDOVER 
(0264) 64455 

EXPORT ORDERS: No VAT . Postage charged at actual cost plus £1 
hand long and documentation . 
U.K_. ORDERS: Subject to 1 5 % surcharge for VAT . NO charge is made for 
carnage . Or current rate if changed . 
SECURICOR DELIVERY: For thi's optional service (U .K . mainland only) add £2 .50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your computer from the factory . 

. ~~~r:~a~ales Counter. Open 9 a.m .- 12 noon . 1-4 .30 p.m . Monday-, 
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SUPER BARGAIN 
TUNER OFFER 

Brand new by famous manufacturer. MW 1 LW / FM Tuner and Stereo Decoder Board . 
Features include capacitor tuned mosfet front end, Integrated circuit ':F . stnp. and phase locked loop stereo decoder chip . Stabilised power supply and rect1f1er on board only 
requires 19V AC at 175MA to power. Size 12V2 X 3V2 X 1%. . Supplied complete with circuit d1agram and fernte rod aena': FM sect1on fu lly aligned and 
tested before despatch . Fantastic value at ON LY £9.99 plus VAT . P.P. £1. 

SUPER BA RGAIN OFFERS 
LENCO FFR CASSETTE DECK . 

· For those who missed our recent bargain 
CT4s we now are delighted to be able to 
offer Brand New Lenco FFR Decks com
plete with motor speed and auto-stop 
control board f1tted and tested . These w1ll 
operate with any supply between 9 and 
1 6 volts . This deck can be used lor both 
record and playback applications and 1s 
fitted with an erase head . A mono 
record I play head is fitted and we can 
supply an extra stereo head , .if ordered 
with the deck at the very spec1al pnce of 
£2 plus VAT . We also supply . w1th each 
deck and completely FREE , one of our 
specially moulded escutcheons . This deck 
would normally cost about £25 but we are 
able to offer them . wh ile they last. at only 
£9 .99 plus VAT. 

LI N SLEY HOOD CASSETTE RECORDER 1 

WIRELESS WORLD DECEMBER 1980 

Our new improved performance model of the Linsley Hood _Cassette Recorder 
incorporates our VFL 91 0 vertical front mechanism and c~rcu1t mod1flcat1ons to 1ncrease 
dynamic range . Board layouts have been altered and improved. but retam the. outsiandingly successful mother and daughter arrangement used on our Lmsley Hood , 
Cassette Recorder 1 . 
This latest version has the following extra features . Ultra low wow-and-flutter of .09%
easily meets DIN Hi-fi spec . Deck controls latch in rewmd modes and do not have to be , held . Full Auto stop on all modes. Tape counter w ith memory re\llllnd . 011 damped cassette door'. Latching record button for level setting. Dual con_centnc mput level controls . Phone 
output. Microphone input faci l ity 1f reqUired . Record mterlock prevents re· recordmg on valued cassettes . Frequency generatmg feedback se\vo dnve motor w1th bullt-1n s.peed. 
control for thermal stability. All these desirable and usefu l features added to the excellent design of the Linsley-Hood circuits and the quality of the components used makes th1s 
new kit comparable with built-up un1ts of much h1gher cost than the modest £94.90 + 
VAT we ask for the complete kit . · 

LINSLEY-HOOD 30 WATT AMPLIFI ER 

• 
.'The ~ery latest .amplifi~r design to be published and in ~ur ~pinio~. the

7 
~e!~iteJ~::~ conce twas to produce an amplif ier that sounded as good as t e aut ors . .' but which was cheaper and simple to build for applications where the h1~her ~ow~r 1s ~o~ needed This new kit is designed to match the L1nsley-Hood Cassette ecor er d an d ·tuper V:.ill be available later to make a complete stackable system. A very ad vance h been devised by us to make construction ultra s1mple an anyone ~~~~~~ys~~~~~o~~onents in a printed circuit board will find it great fu~ . Conve~tional 

wirin is at an irreducible minimum. only bein!J needed to connect th~ mams trans ormer and ~ilot light. For an amplifier of this quality th1s k1t represents 1ncred1ble value for 
money . 
All parts can be bought separately at a total cost of £7 9 .12 but complete kits are available 
at a special int rod uctory discount price of only £72 +VAT. 

STUART TAPE CIRCUIT S 
(For reel-to-reel decks) . 

These circuits are just the thing for convertmg that old valve tape deck mto a useful 
transistorised recorder . Total system is a full threehea~ec~rdertw'tt~ep~~=~esr~~~dk~;i~ re lay sections for simultaneous off tape mon1tonng . e a so s oc ~ . · w~ll engineered but does not have the detailed 1nstruct1ons that_ we g1veR w1th our ~~~e recent designs . We would not therefore recommend 11 to begmners . epnnts o e 

. orig inal three articles 45p. Post f ree . No VAT . 

CASSETTE H EADS 
HS 15 SEN DUST ALLOY SUPER HEAD . Stereo R I P. Longer life than Permalloy Higher 

output than Ferrite . Fantastic frequency response . Complete w1th data · · · · 7.60 HC20 Stereo Permalloy A I P head for replacement uses 1n car players, et c. · · · · 4.25 
HMgQ Stereo RIP head for METAL tape . Complete w1th data · · : !:~~ 

We are the Designer Approved suppliers of kits lor th;s excellent design. The Author's reputation tells all you need to know about the circuitry and Hart expert1se and expenence 
guarantees the engineering design of the kit. Advanced features 1nclude : H1gh-qual1ty 
separate VU meters with excellent ballistics . Controls. switches and sockets mounted on PCB to eliminate d1fficult winng . Proper moulded escutcheon for cassette aperture 
1mproves appearance and removes the need for the cassette transport to be set back 
behind a narrow finger trapp1ng slot . Easy to use , robust Lenco mechan1sm . Switched 
bias and equalisation for different tape formulations . All w1nng IS terminated With plugs and sockets for easy assembly and test . Sophisticated modular PCB system g1ves a spacious. easi ly built and tested layout. All these features added to the h1gh-qual1ty metalwork make this a most satisfying kit to build . Also included at no extra cost IS our new HS15 Sendust Alloy record / play head , available separately at. £7.60 plus VAT, but 
included FREE as part of the complete kit at £75 plus VAT . 
REPRINTS of the 3 articles describing this design 45p. No VAT . 

~ ~~~ ~iae~~~r~r~:~ri7:~~af~: ~e~~L tape . 1.5~ 
4-Track A I P Head . Standard Mounting 7.4 R484 2 / 2 (Double Mono) RI P Head . Std . Mtg. · 4.90 
ME 1 51 2 I 2 Ferrite Erase. Large Mtg. . . · ~:~~ CCE I 8M 2 / 2 Erase . Std . Mtg . 

All prices plus VAT 

REPRINT of Postscript article 30p. No VAT. . 
We regret that due to the latest increase in postal costs we must now charge for 
carr iage. Please add as fol lows: 
Ord er up to£ 1 0 - 50p 
Orders £10 to £49- £1 
Over £50- £1 .50 

P&P Export Orders- Postage or shipping at cost plus 
£2 Documentation and Handling 

Please send 9x4 SAE for lists giving fuller details a n d price breakdowns 

Instant easy ordering, telephone your 

. requirements and credit card number to us on 

Oswestry (0691) 2894 

WIRELESS WORLD DECEMBER 1980 

TRANSCENDENT 2000 SINGLE. BOARD SYNTHESIZER. 
Designed by consultant Tim Orr (formerly synthesizer designer for EMS Ltd .) and featured 
as a constructional article in ETI. this live performance synthesizer is a 3 octave instrument transposable 2 octaves up or down giving sweep control , a noise generator and an ADSR envelope shaper. There is also a slow oscillator. a new pitch detector , ADSR repeat , sample and hold, and special circuitry with precision componen ts to ensure tuning 
stability amongst its many features . 
The kit includes fully finished metalwork , fully assembled solid team cabinet . f ilter sweep 
pedal , professional qual ity components (all resistors either 2 % metal oxide or V2% metal f ilm). and it really is complete - right down to the last nut and bolt and last p iece of wire' There is even a 1 3A plug in the kit - you need buy absolutely no more parts befo•e 
plugging in and making great music ! Virtually all the components are on the one 
professional quality fibreglass PCB printed with compon ent locations . All the controls mount directly on the main board, all connections to the board are made with connector plugs and construction is so simple it can be built in a few evenings by almost anyone capable of neat soldering ! When fin ished you wil l possess a sy nthesizer comparable in performance and quality with ready-built units selling for many times the price . 
Comprehensive handbook supplied . w i th all complete kits! This fully describes construction and tells you how to set up your synthesizer with nothing more elaborate than a multi-meter and a pair of ears! 

COMPLETE KITONLY 
£168.50 +VAT.! 

NEW! TRANSCENDENT POLYSYNTH 
EXPANDABLE'POLYPHONIC SYNTHESIZER 

AS FEATURED IN 
Electronics Today International 

COMPLETE KIT from £320 +VAT 
By brill iant desig n work and the use of h igh technology components the Polysynth brings to the reach of the home constr uctor a mach ine whose 
versati l ity and ra nge of sounds is matched only by ready-built equ ipment costing 
thousands of pounds. This latest add it ion to the famous Transcendent family is a 4 octave (transposabl e over 7 octaves) polyphon ic synthesizer w ith interna lly up 
to 4 voices m aking it possible to play simultaneously up to 4 notes . An add-on 
unit perm 1ts expansion up to 8 voices . Each vo ice 1s a co mp lete synthesizer in 
itself w ith 2 VCOs. 2 .AD SRs. 1VCA and 1 VCF. Bein g vol tage contro lled all voices can be adjusted simultaneously by m aster cont rols yet the ir own pitch 
and gate signals mean each voice can be opera ted independently from the 
keyboard . 

Cabinet size 31.1" x 19.6" x 7 .6" (rear) 3.4" (front) 

Although using very advanced electron ics th e kit is mechan ically ve ry simple 
with minimal wiring , most of w hich is w ith ribbon cable co nnectors. A l l controls 
are PCB mounted and the voice boards plug 1nto PCB m ounted sockets . The kit 
1ncludes fu ll y f in1shed metalwork, so lid teak cabm et , pro fess1onal quality 
components (resistors 2% metal ox ide or 0 .5% and 0 .1% metal f ilm) . nuts, 
bolts. etc . Complete kit w ith 1 voice £3 20 , 2 vo ices £3 68 . 4 voices £464 . 
expansiOn unit to extend to 8 vo1ces £275 (al l pnces subject to V. A .T .) . A mere 
fract1on of what you would have to pay for a ready-built compa rable instrument' 

TRANSCENDENT DPX MULTI-VOICE SYNTHESIZER 

Another superb design by 
synthesizer expert Tim Orr 

published in 
Electronics Today Internat ional 

COMPLETE KIT 
ONLY 

£299 +VAT! 
Cabinet size ' x 5.0" (rear) 3. 3 '; (front) The Transcendent DPX is a really versatile 5 octave keyboa rd instrum ent . These are two audio outputs which can be used si mu ltaneously . On the first there is a beautiful harpsichord or reed. sound- ful ly polyphonic , 1. e. yo u can play chords with as many notes as you l ike. On the second output there is a wide range of di fferent voices, still fully polyphonic . It can be a straightforward piano as a hanky tonk piano or even a m1xture 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 as the lower end (the keyboard is electron ically spl it after the first two octaves) or vice-versa or even a combination of strings and brass sounds simultaneously . And on all voic'es you can sw itch in circu it ry to make the keyboa rd touch sens1t1vel The harder you press down a key the louder it sounds - just like an acoustic piano. The. d igitally controlled mu lt iplexed system makes pract ical touch se nsitiv ity w ith th e complex dynamics law necessary for a h igh degree of realism . There is a master volume and tone control . a separate control for the brass sounds and also a vibrato circuit with variable depth control together w ith a variab le delay control so that the vibrator comes in only after waiting a short t ime after the note is struck for even more realist ic string sounds To add interest to the sounds and make them more natural there is a chorus 1 ensemble uri 1t w h1ch is a complex phas1 ng sys tem usin g CCD (charge co upled device) analogue delay lines . The overall effect of this IS s1m 1lar to that of severa l aco ustic mstruments playmg th e same p1ece of m usic The ensem ble c~rcu 1t ry ca n be sw1tched 1n w1t h e1 ther stro ng or mild effec ts As the system is based on dig ital Circuitry d1g1tal data can be easily taken to and from a com pute r (for stormg and pla y1 ng back accompan1 ments w 1th or w 1thou t p1tch or key change. comp uter compos1ng , etc., etc .). 

Although the DPX IS an advanced des1gn us1 ng a very la rge amount of ci rcu1try . much of it very sophisti ca ted . the k1 t 1S mechan1ca lly ex tremely s1 mple w 1th excellen t access to all th e ci rcu1t boa rds wh1ch Interconnect w1th mu lt1 w a'y connec tors. JUSt fou r of wh 1ch are removed to se para te the key board c ~rcu1try and the panel c~rcu1 t ry from the ma 1n c ~rcu 1 t ry in the cabmet The k1t mcludes tully l 1n1shed metalwork . sol1d teak ca b1net profess1onal q ual1ty components (all res1stors 2% meta l ox 1d e) . nuts . bol ts . etc . even a 13A plug' 

POWERTRAN MANY MORE KITS ON PAGES 93 and 97. ORDERING INFORMATION ON PAGE 93. 
All pro1ec ts On th1s page can be purch ased as separate packs e .g . PCBs. com pone nts se ts. hardware sets . etc . See our free catalogue fo r fu ll details and pn ces . 
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Be it a career, hobby or interest, l&e it or n!h~hl~hip. 
will revolutionise every human activity over the next ten years. 

Knowledge of its operation and its use is vital. Knowledge you 
can attain, through us, in simple, easy to understand stages. 

Learn the technology of the future today in your own home. 

MASTE ELECTRONICS i~A:E~I~~E~~~ WAY 

e Building an oscilloscope. • Recognition of components: , . , 
e Underst~nding circuit diagrams. • Handling all types So~1~ State Ch1~s · 
e Carry out over 40 experiments on basic circuits and on dig1tal electromcs. 

e Testing and servicing of Radio, T.V., Hi-Fi and all types of modern 

computerised .equipment. 

MASTER COMPUTERS 
LEARN HOW TO REALLY UNDERSTAND COMPUTERS, HOW 

THEY WORK- THEIR 'LANGUAGE' AND HOW TO DO PROG~S. 

• Complete Home Study library. • Special educational Min~- _________ ___;, ______ '""'1 

Computer supplied ready for use .. • Self Test program exerclSe.l r------ , . . . 1 

· • 1 i} 1 J Please ~nd your FREE brochure 1 I am Interested 1n . -

• ServlCeS of skil ed tutor ava ab e. F wothout oblogation to - : PRACTICAL ELECTRONICS .......... ....... ..... .. .. .. ... .. .. I 

MASTER THE REST 
e Radio Amateurs Licence. • Logic/Digital techniques. 

e Examination courses (City & Guilds etc.) in electronics. 

e Semi-conductor technology. 
e Kits for Si,gnal G~Werators- Digital Meters etc. 

I : 
I ~ :·~::.:, ... i ~~~:~Ts~RB~EE~;sN.~.~~.~~ .: ·.:::::::::: : ::: : : : : : ::::: :::::: :·.:: I 
1· E . .... .. . . .. .. .. .. . .. . .... 1 ,p,..,,. ''.~~~.~ ~ ~.:. ~~~.~:~.~~~.... ..... ....... .. ......... .. .. .... .. .... ...... I 

I s'Loc ·~ CAPS PLEASE .... ................ .... ... ......... ~ .......... ........... .......................... I 
I BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL I 
I 4 CLEVELAND ROAO, JERSEY, CHANNEL ISLAN~.~__:_:2~111 
L---,---------------- ... 

INSTRUMENT CASES 
AND BOXES 

WW - 067 FOR FURTHER DETAILS 

Zaerix 
Electronics 
Limited 
46 W estbourne Grove 
London, W2 5SF 

PROF-ESSIONAL 
QUALITY 

Desk consoles, instrument 
cases and boxes which 
feature anodised aluminium 
extrusions and panels, with 
integral facilities to mount 
sub chassis and PCBs. 

Telex: 261 306 
Tel. 01-727 5641 

WIRELESS WORLD DECEMBER 1980 

MPA 200 100 WATT (rms into 80) MIXER/AMPLIFIER 
Featured as a constructional article in ETI, the MPA 200 is an exceptionally low priced- but professionally finished - general purpose high power amplotier . It features an adaptable mput 

m1xer which accepts a wide range of sources such as a microphone , guitar, etc . There are wide range tone controls and a master volume control. Mechanically the MPA 200 is simplicity 1tself 

WJ!h mmunal wonng needed making construction very stra ightforward . -

The kit includes fully finished metalwork, fibreglass PCBs , oontrols, wi re, etc . -complete down to the last nut and bolt . 

Panel size 19.0" X 3 .5''· De pth 7 .3" 

CHROMATHEQUE 5000 

COMPLETE KIT 

ONLY 

£49.90+VAT! 

MATCHES THE 
CHROMATHEOUE 5000 

PERFECTLY! 

5 CHANNEL LIGHTING 
EFFECTS SYSTEM 

This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels w ith mdividuallevel con tr~ ls on each chan nel. Control of the 

hghts IS comprehensive to say the least. You can run the un1t as a stra1ghtforward sound-to-hght or have it st robe all the lights at a speed dependent upon music leve l or f ront panel cont rol 

or use the Internal d1g1tal c~rcu1try whoch produces some superb random and sequencing effects. Each cha nnel handles up to 500W and as the kit is a single board design wiring is m
1
nimal 

and constru~t1on very straightforward . · 

Kit includes fully finished metalwork, fibreglass PCB controls. wire, etc . - Complete right down to the last nut and bolt I 

COMPLETE KIT 

ONLY 

£49.50 + VAT! 
Panel s ize 19.0" )( 3.5". Depth 7 .3" 

PDWERTRAN SYNTHESIZER KITS ON PAGE 95; MORE KITS AND ORDE RING 
INFQRMATI ON ON PAGE 93 

All ki ts also a¥ai la ble as separate packs (e .g 
etc.). Prices in our FREE CATALOG U E. 

• I@ 

DE LUXE EASY TO BUILD LINSLEY HOOD 
75W STEREO AMPLIFIER £85.00 + VAT 

This easy to build version of our world-wide acclaimed 75W amplifier kit based· upon 

CirCUli boards Interconnected w1th gold plated con tacts resulting in min imal wiring and 

construction delightfully straightforward . The design was published in Hi-Fi News and 

Record Review and features include rumble filter. variable scratch filter , versatile tone 
controls and tape mon itoring wh ile distortion is less than 0.01 %. 

T20 + 20 20W STEREO AMPLIFIER £33.1 0 +VAT 

This kit . oosed upon a design published in Practical W ireless, uses a single printed circuit 

board and offers at very low cost. ease of con struct ion and all the normal facil it ies found 

on quality amplifiers. A 30 . watl vers ion of th is ki t (T30+30) is also available for 

£38.40+VAT MATCHING TUNERS- See our FREE CATALOGUE! 

Above 2 kits are supplied w ith fully f inished metalwork , ready assembled high quality leak veneer cab inet. cable, nuts. bolts. etc . an d full in structions- in fact every thing' 

~ 
MUSIC EFFECTS DEVICE- AS FEATURED 
IN ELECTRONICS TODAY INTERNATIONAL! 
The BLACK HOLE designed by Tim Orr. is a powerful new mus ical effects device for proc essi ng both natural and 

electronic instruments, offering genuine VIBRATO (pitch modulat ion) and a CHORUS mude wh ich g1ves a 

" spacey " feel to the sound ach1eved by delaymg the inpu t signal and m 1x1ng 11 back with th e ongmal Notches 

(HOLES). introduced in the freq uency response. move up and down as th e ti me delay is modulated by the chorus 

sweep generator. An optiona l double chorus mode allows exciti ng an ti phase effects to be added . The dev ice 1s 

floor standing with foot switch contro ls. LED effect selection ind icators, has variabl e sens itivity , has h ogh 

Signal/noise rat 1o obtained by an audio com pander and IS mains powered - no bat teri es to change ! L1ke al l ou r 

klls everythmg IS prov1ded mcluding a h1ghly supeno r. rugged steel. beaut if ul ly fi nished enc losu re. 

COMPLETE K IT ONLY £49.80 +VAT (single delay line system) 

De Luxe version (dual delay line system) also available for £5 9.80+ VAT 

Cabinet 1ize 10.0" x 8 -5" x 2.5" (rear) 1 .8" (front) 
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P4000 PRODUCTION 
EPROM PRO~RAMMER 

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. . . h Independent blank check & verify controls are prov1ded along w•t mode pass/fail indicators for each copy socket and a sol:'nder to ·i nai a correct key command & the end of a programm1ng .run. l 9 of the 2704/2708/2716 (3 rail) & 2508/275812?16/ · 2~~6/2532/2732 (single rail) EPROMS may be selected w1thout 
hardware or personality card chan.ges. 
PRICE £545 +VAT. Postage pa1d 

BULK EPROM 
ERASING 

MODEL UV141 EPROM ERASER e 14 EPROM capacity . e Fast erase time e Built-in 5-50 minute timer . · . . • Convenient slide-tray loading of deVICeS. e Safety interlocked to prevent eye and sk•n damage . e Rugged construction · · 
• M INS & ERASE indicators 

'd e Price £78 +VAT postage pa• . 
MODEL UV140 EPROM ERASER Similar to Model UV 141 but without timer. Price £61.50 + VAT 
post paid 

.. 1-9 
£9.00 

10-24 
£~.00 

·s·· 
25-49 
£7.35 

50-99 
£7.00 

~~8~ · 
Oc, 

100 up 
£6.60 2716 (450ns) 

(single rail) 
2708 (450ns)· £4~80 £4.3Q £3.90 £3.60 £3.40 · DEDUCT A FURTHER 5% FOR CASH WITH ORDER ON 

THESE EPROM PRICES. · Postage· and Packing is included in all price~. ADD VAT.at 15%. All our EPROMS are manufactured by lea?.mg _compan1es and are fully guaranteed, branded and to full_ spec1f1cat•on . · 

WRITE OR TELEPHONE FOR FURTHER DETAILS OR SEND . . · OFFICIAL COMPANY ORD,ERS/CHEQUESTO: 

PLEASE NOTE NEW ADDRESS & TELEPHONE NUMBER 

WIRELESS WORLD DECEMBER 1980 

s 100 
Do You Have All These Facilities On 
Your S 100 System. With- Just Two . 

Boards? 

SEMEL 

1. ZBOA CPU-2 or 4 M Hz 
Operation. 

2 ZBOA CTC- 4 Channels. 
3: ZBOA S10- 2 RS-232. 
4 Z80A P10. s: Disk controller; :rakes up to 

4 disk drives, sangle or do· 
uble density operation. 

6. 64k Bytes of memory. 
7. EPROM Programmer. 
s. Real time clock . 
9. Software; 

Standard 2k Monitor. 
CP/M Cold Start Loader. 
CP/M B10S (1.4). 

Prices: 
£495.50 
£327.56 

FDC-1 Board 
Expandoram 
Mother Board £42.00 
All prices exclude VAT. 

MICROCOMPUTER~ HARDWARE- SOFTWARE 
3c Barley Market Street, Tavistock, De.von PL 19 OJF Tel. Tavistock (0822} 5247. Telex: 45263 

The Monolith C1000 is a ne~ British-ma~e twin·_motor tape transport, ideal for a wtde range of tndustnal 
applications. 

High reliability. 
Solenoid controlled. 
Four remote functions - stop, play, 
rewind and fast forward. 
Supplied complete with spooling . and capstan motors, dnve solenoid, 
and 112-track record/playback and 

Buy now! 
Ex-stock 

£36.95 
+ VAT (£2.50 P & p). 

erase heads. . 
The C1000 is a major cost reduction d.evelopment . from the successful Monolith C2000 senes .of remote operation transports, which is widely used tn process control, data logging and compu~er systems. Ask for details of our centro~ c1.rcu1t boards, search, position sensors, spec1al1sed heC~ds and 

other prod~u=c::t:;:s:;. =====;:;;;;;;;iiiiiiiNiiii-
Q !!llftH) 

THE MONOLITH ELECTRONICS CD. LTD. S{l Church Street, Crewkerne, Somerset TA18 7HR Tel ~0460) 74321 Telex 46306 ['t10NL TH G 
- WW- 087 FOR FURTHER DETAILS 

WIRELESS WORLD DECEMBER 1980 
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WILMSLDW ffi00[[)0[[) 
; ._;. 

. / .' 

The firm for Speakers 

·HI-FI 
DRIVE 
UNITS 

Audax HD 12. 9D25 £8.25 Audax HD11 P25EBC £7.50: 
Audax HD20B25H4 £14.95 Audax HD 13D34H £12.95 Audax HD24S45C £21.95 
Baker Superb £25.00 . Castle Super 8 RS/DD £14.95 Chartwell CEA205 pairs only £61.25 

• Coles 4001 £7.65 . " ·Coles 3000 £7.65 Celestion HF1300 II £10.95 Celestion HF2000 £10.95 
Dalesford ABA 1 0" £10.25 Dalesford 030/110 £11.25 

· Dalesford 050/153 £12.25 
.Dalesford 050/200 £12.25 

'Dalesford D70/250 £25.50 Dalesford 0100/310 £35.75 Dalesford D 10 tweeter £8.45 
Decca london Horn £61.95 
Elac 6NC204 6V>'' · £7.50 
Elac BNC298 8" £7.95 EMI type 350, 1 3" X 8", 4 ohm .£9.45 EM114A/770, 14" X 9", Sohm £19.50 
lsophon KKS/8 £8.15 
lsophon KK1 0/8 £8.45 Jordan Watts Module £24.95 Jordan Watts HF kit £10.50 Jordan 50mm unit £24.50 Jordan CB crossover . £24.50 pair Jordan Mono crossover £24.50 pair 
KefT27 £9.45 
KefB110 · £12.25 Ke'fB200 £13.50 " · 
KefB139 £27.75 Kef DN13 . £6.75 . Kef DN12 £9.4o : Kef DN22 · pair £42.00 

'LoWther PM6 £59.00 ' 
Lowther PM6 Mk I £62.00 Lowther PM7 £94.50 
Peerless K01QDT £10.95 Peerless DT10HFC ' . £10.50 
Peerless K040MRF £13.60 Radford BD25 Mk Ill £36.95 
Radford MD9 £14.85 
Radford MD6 £25.50 Radford FNS/ FN831 £22.50 Richard Allan CGST £13.50 
Richard Allan CG 1 2T Super £29.50 Richard Allan HPBB £20.75 
Richard Allan LPSB £14.50 Richard Allan HP 12B £33.50 Richard Allan DT20 £9.95· ·Richard Allan DT30 £10.75 
SEAS H 107 £8.95 
Shackman Electrostatic. with polar network and crossover £136.00 pair 
Tannoy DC296 10" £118.00 
Tannoy DC316 12" £159.00 Tannoy DC386 15" £199.00 

PAGROUP& & 
DISCO UNITS 

0 

•

0 

WILMS 
AUDIO 

Celestion G 1 2 /50TC ' 
Celestion G 1 2/80CE 
Celestion G 12/BOTC 
Celestion G 1 2 /12 ~CE 
Celestion G 1 5/1 OOCE 
Celestion G 1 5 I 1 OOTC 

•Celestion G 18 I 200 
,Celestion HF1300 
Celestion HF2000 
Celestion Powercell 1 2/1 50 
Celestion Powercell 15/250 
Celestion M H 1 000 
Fane Classic 45 12" 
Fane Classic 55 12" 
Fane Classic BO 1 2" 
Fane Classic 85 15" • 
Fane Classic 1 50 1 5" · 
Fane Classic 125 18" 
Fane Classic 1 7 5 18" 
Fane Guitar SOt 1 2" 
Fane Guitar 808/2 1 2" 
Fane Disco 1 00 1 2" 
Fane PAB5 12" . 
Fane BaSs 100 1 5" 
Fane Crescendo 12 E 
Fane Crescendo 15 E 
Fane Crescendo 18E 
Fane Colossus 1 5E 
fane Colossus 18E 
Fane J44 
Faile J1 04 
Fane J73 
Fane. HPX.1/HPX2 
Fane HPX3A 
Fane HPX3B 
Gocidmans 8PA 

£19.50 1·: £24.50 
£23.75 
£42.00 
£37.95 
£38.50 
£64.75 
£12.50 
£12.50 
£66.00 
£88.00 
£21.75 
£13.95 
£15.50 
£19.75 
£26.00 
£37.95 
£43.95 
£47.95 
£26.25 

. £27.25 
£28.75 
£26.25 
£39.00 
£57.50 
£74.50 
£94.75 
£99.95 

·£107.00 
£6.90, 

£.15.95 
£10.90 

£3;45 
£S.60 
£4.55 

. £5.05 
., £2i,5o. Goodmans PP12 

Goodr'nans Dl.l :2 
Goodmans GR12 
Goodmans t8P 
Goodmans Hifax 50HX 
McKenzie C.12100GP 
McKenzie C 1 21 OOTC 
McKenzie C 1 21 00 bass 
McKenzie G P 1 5 

·,,' , g:::~ 

McKenzie TC 1 5 
McKenzie C 1 5 bass 
Motorola Piezo horn 3V2" 

• Motorola Piezo 2" X 6" 
Richard Allan HDBT 
Richard Allan HD 1 OT 
Richard Allan HD'12T 
Richard Allan HD15 
Richard Allan HD 1 5P 
Richard Allan Atlas 1 5" 
Richard Allan Atlas 18" 

£48.45 
£21.85 
£24.45 
£24.45 
£24.45 
£35.10 
£35.10 
£59.60 

£8.50 
£12.25 
£20.25 
£21.75 
£29 .• 75 
£52.75 
£52.75 
£77.00 
£96.00 

KITS FOR MAGAZINE DESIGNS, elc. Prices per pai' :" KITS INCLUDE DRIVE UNITS. Carnage t;J : 7~ pair , CROSSO VEHS.' BAF I LONG ·oalesford .System· 1·. ·,· If, ~ - <£S4.oo • . FIBRE WOOL, ·etc : Dalesford System 2 £5'1.00 , FOR A PAIR OF SPI!AKERS Dalesford Sy~tem 3 . £l04.QG . unle~~~~~~~~~~ated g:::~}~-;~ ~~·~i!~ ~ · · !Ug:~g _· , Dales.ford ·Sv.stem 6 . · . . . ·£95;00 ' Practical Hi Fi & Audio PR09-Tl (Rogers) KEF Reference: 1 Q4a8 kit . ·' . . , .. £146.00 . · · £133.00 + ·n carriage As above blJ! 1n~lup~1g5~~~~a~1~5 ~-rnag~ :; ' j~~i~~~!!~~~ito~·~i~T·3;-~ ::""''~'t;fiF(~e,!:' ~ H1 F1 Answers MOf\ltOr (Rogers) £146.00 .< · : -l · , - · .·· .• J .. < £'M .00•';{- : £3 .•i' 5. carri~<i:9\:i H1F1NewsStateoftheArt(Atkmson) "' i "L<iWt~ei:PMSk\t ,;~ .. ~:~ ;j ~116;.oQ: £185.00 - · LoWther' P~ 6 Mk ·l .i?ii ·.:· :·i • ·' ' '( :t:l2:()& Hi· Fi Ne~·Miniline (Atkinson) Lowther PM 7 kit £1 !!5.00 · ' £49.00 + £3 carriage Peerless 10.'70· • . · ·, J, ~·1$.7:'()"()' Hi ,·Fi For Pleasure Compact Monitor (Col- Peerless 11,20 ~ ... • '. ' ~J'fi.9,go' IOms) £116.00 + £5 carriage Peerless 2050 . - - -:· •• '£59.95:' Popular Hi Fi Mini Monitor (Colloms) Peerless 2060 £79.95 · £74.00 Radford Studio 90 kit £181.00 P-opular Hi Fi Round Sound (Stephens) Radford Studio 270 kit £309,00 in,cluding complete cabinet kit £71.00 Radford Monitor 180 kit · £243.00 Po~;~ular Hi Fi Jordan System 1 Radford Studio 360 kit £450.00 £98.00 + £3 carriage RAM 50 kit ~makes RAM 1 00) £76.25 Practical Hi Fi and Audio 6SC3 (Rogers) -R1chard Allan Tango Twin k1t £55.50 . £85.00 Richard Allan Mara mba kit £77 :so Practical Hi Fi and Audio Monitor (Giles) Richard Allan Charisma kit £111.00 £180.00 Richard Allan Super Triple kit £102.50 Prilctical Hi Fi and Audio Triangle (Giles) Richard Allan Super Saraband II . £159.95 , £120.00 Richard Allan RAB kit £62.75 Hi"F'i News Tabor (Jones) with J4 bass units Richard Allan RA82. kit £98.75 · , £68.00 Richard Allan RA82l kit · .. ·- ·£1·08.00 Hi Fi News Tabor (Jones) with H4 bass units SEAS 223 £42.50 £70.00 s'EAS 2 53· .. ,!:, •: ·' , : -;' . • £67.00 ,, Wireless World Transmission line KEF •SEAS 403 · ' .. £79.95 .· (Bailey) £125.00 SEAS 603 . ,·. £'134.95'·'."' Wireless World Transmission line RAD· Whartedale Denton XP2 kit : ',. · · , £31 ;45.: FORD (Bailey) £179.00 Wharted.ale SheHon XP.2· kit ' .· ' .£4Q>40 : .. : Everyday Electronics EE70 ~Stephens) Wharte9ale linton x·p~ kit £56.21t,' £150 + £5 carriage Wharfedale Glendale· XP 2 kit ·· · · £i69i00 . Everyday Electronics EE20 (Stephens) 
,• '· £29.50 + £3 carriage 

SMART BADGES FREE WITH ABOVE KITS 
(TO GIVE THAT PROFESSIONAL TOUCH 

TO YOUR DIY SP{AKERS!) 

REPRINfS/CONSTRUCTION DETAILS . OF A80YE DESIGNS . 1 Op E~CH 

CARRIAGES. INSU'RANCE 
TWEETERS I CROSSOVERS 60p each · 
SPEAKERS .4" to 6'h" 80p elllCh 
S"to 10" £1•11Ch 14'!, 13". X 8". 
14" X 9" 
15" 
18" 
SPEAKER KITS 

£1.96 each 
£2.95-h 
£4.60 ..Ch 
£1.15 each 
.· £3.95 pitir 

MAG DESIGN K!TS £3.95 pair 
unless otherwise stated 

All PRICES CORRECT AT 1/2/80 

WILMstow ·Auom 'BA1 : ,;~b· f:ia ~s , 
amplif,ier / ,crossover k.it . , • . 

£37.95 '+-' £ r eairia.ge;. : 
/ · ,l .. • · ' • I 1 

. , . ~ 

EVERYTHI .. G IN STOCK-FOR .... ,,, 
· THE SPEAKER . 
CONSTRUCTOR! : ·<, 

· BAF, LON.G FIBRE WOOL. 

~~~~Ls~~~~~6~~~r~~~~c ' '· 
LARGE SELECTION OF GRjLLE. . ; 
FABRICS. 

(Send 22p i :~ stamps for.'gr,illfl . 
fabric sam.p(es) . 

... ;r-· ALL PRICES INCLUDE VAT..@ 15% 
' >,,, -~·.~. 

Send 50p ·for 1980 56-page 
~catalogue ·choosing a -Speaker· .. 

. ":,-.,, ·: (.' 

tmrJ Tel.: 0625 52959. 9 FOR MAIL I Te. 1: OS2S 526213 (SWIFT OF ORDER & EXPORT OF DRIVE WILMSLOW) FOR HI-FI & COM-UNITS, KITS, ETC. PLETE SPEAKER SYSTEMS. 

.• . WILMSLBII . . illO[J[[)0([J . 
~ The firm for Speakers . 5 Swan Street, . 

Wilmslow, I Cheshire. _.. . 35/39 Church Street. = Lightning service on telephoned credit card orders! 1~ ... '•· ; Wil mslow, Chesh ir~ 

WW - 066 FOR FURTHER DETAILS 
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HILOMAS~." SYSTEM ~T ~ - . 'rt't 

II 
II 

PNEUMATIC 
TELESCOPIC 
.M.AST_S: 

WIRELESS WORLD DECEMBER 1980 

RADIO SHACK LTD for I~ ln;l!131 

Ham Bands with 1.5-30 MHz receive with built-in 150 MHi: 
frequency counter plus option of 0-1.5 MHz rece1ve and I or any, 

trRA
9DIO ,SHAcK tTD 

·For Communications equipment including Trio products and 

Trio testgear. 

. . 1 W st Hampstead Underground Station 
We are s1tuated JUSt around the ~ornf~ rom i: West Hampstead Midland Region 

(Bakerloo line) . A lew mmutes wa adw~rreet Line. We are on the following Bus 

st'!tiq~ . an~ West .~-~d-~azisott b~~~~o; are g_5 Monday to Friday. Closed for', Lunch 

~~1~~~~t~?da~9.;_,~ ;re. op~n g. 1 T.30 orily . World wide exports. 

DRAKE *SALES *SERVICE 

RADIO SHACK LTD 
188 BR_OADHURST GARDENS, LONDON NW6 3AY 

Giro Accouin No. 58B.i15.1. telephone: OF824 'Tn4 . 

· ciiblea:·· rc_;.a!~S-Ii&K:k, Londpn,l'o!W&.Jelex: 23:718 

Memories 

2114-300ns 
4116-200ns 
2708-450ns 
2516-450ns 
2716-450ns 
2532-450ns 

1kx4SRAM 
16k X 1 DRAM 

1kx8EPROM 
2k X 8 EPROM 
2k x 8 EPROM 
4k x 8 EPROM 

£2.25 
£2.61 
£3.60 
£7.92 
£7.92 

£23.40 

Please add 50p for postage and VAT 
Send SAE for price list 

STRUTT LTD. 
ELECTRONIC COMPONENT DISTRIBUTORS 
MANUFACTURERS & SUB-CONTRACTORS 

to the ELECTRONIC INDUSTRY 

3c Barley Market Street 
Tavistock 
Devon, England PL 19 OJF 
Tel. Tavistock (0822) 5439/5548 
Telex: 45263 

WIRELESS WORLD DECEMBER ·1980 101 

·- O.K.· RETUR.N OF -POST_ MAIL o·liDER SERViCE, ALSO WORLDWIDE EXPO-RT SERVICE 

J Plays 1 2", 1 0" or 7" records, 
: Auto or Manual. A high quality 
unit backed by BSR reliability . 

. Stereo Ceramic Cartridge. AC 
200/250V. Size 13Y>-11\4in. 
3 speeds. Above motor board · 
3%in. Below.motor board 2Y2in . 
with Ceramic Stereo cartridge. 

£20 P~st£2 ,\ 

AL PLINTHS 
Cut out for most Garrard decks . 
Silver grey finish . 
Size 16x 14x 3in . 
BSR DE LUXE TEAK VENEERED MODEL 
With hinged perspex cover. 
'Size 17Y> x 15 x 6 in. 
TINTED PLASTIC COVERS 
Sizes: 14Y> X 12Yz X 4in . or 14'12 X 12'12 X 3in. £l.SO. 
lB X 13\4 X 4in . £6.17% X gy, X 3 '/z in . £3. 
1B X 12'12 X 3in. £6. lB X13% X3Y2 in. with 

hinges £7. Post £1 

BSR PlBi 3 speeds flared 
aluminium turntable " ·S" shape 
arm, cueing device, 
ceramic cartridge £26 
Post £2.00. 

' ~~~~~~u;x~~unting board . 

/ 

. 'iiSRc-142 RIM DRiVE 'fiuALITY DttJr'· .. 
Manual or automatic play. Two speeds . 
'Precision ultra slim arm . • 
Cueing device . Bargain price 
Witli Stereo ceram1c cartndge 

BSR P207 BUDGET .SING .. LE PLAYER iifeal ior disco or 
.. smaU _two-speed Hi-Fi syste_m with stereo cartridge · £15 
.. ~artndge andcueing devjce . . .. :·Post:£.2 ,·. 

\:ijq,HH:AHD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and 
Diamond Stylus, 3-speeds . Manual and Auto Stop/Start . 
Large Meta! Turntable . Cueing Device and Pause Control 

_ReadYCutiTii!UritlnQtiOard'only l £1 extra . . £22 _Po~t ~~· 

HIGH QUALITY 
JVC 

DECK 

Post £2 

RCS SOUND TO LIGHT KIT Mk. 2 
Kit of parts to build a 3 channel sound to light unit 
1.000 watts per channel. Suitable for home or disco. 
Easy to build . Full instructions supplied . Cabinet Post 50p : 

£4.SO extra. Will op~rate from. 2.0.Q~V to _1 QO_ W!l!t. ~lgnal_ __ _ ' 

200 Watt Rear Reflecting White Light Bulbs . Ideal for Disco 
Lights. Edison Screw. 6 for £4. or 12 fqr £7.SO. Post 50p. 

£18, 

.... MiNOR-,, 'iOwattAMPLIFIER KIT £14.00: 
Thi$ kit is suitable for record players, guitars, tape playback ,' 

: electronic instruments or small PA systems . Two version 
available: Mono, £14.00; Stereo, £20. Post 45p · · 

lOW per channel; input lOOmV; size 9'12 x 3 x 2in. approx . SA 
details. Full instructions supplied. AC mains powered. 
Input can be modified to suit guitar. 

• RCS STERE-O PR£·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 

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 CT. 5V 2A. . 
300-0-300V 120mA. 2x 6.3V 2A C.T.; 5V 2A 

Post 35p 

99p . 
£3.45 

220V 45mA, 6.3V 2A . . . . . . . . . . . . . . ..... 

~~~~~~P~~av~l~b~PQ.S.!= .l.OW VOLTAGE: __ 

. £4.60 
.. . £12.50 
... £10.00 

£2.50 

'BAKER LOUDSPEAKERS 
.. SPECIAL PRICES" 
MODEL 

INCHES 
MAJOR 12 
DEWIEMIIII 12 
SUPERB 12 

:AUDITORIUM 12 
AU11111111UM 15 
GIIGUP35 12 
GRIUt45 12 
GROll" 50 12 
IIROUP75 12 
GROUP 100 12 
IIROIW 100 15 
DISC0100 12 
DISCO 100 15 

BAKER 
-50 WATT 
.AMPLIFIER 
£69 Post £2.00 

OHMS 
WATTS 

4-1-16 30 
1-16 15 
1-16 30 
1-16 45 
1-16 60 

4-1-16 40 
4-1-16 45 
4-1-16 60 
4-1-16 75 

1-16 100 
1-16 100 
1-16 100 
8-16 100 

Post £1 . 50 ea . 
TYPE 

PRICE 
HI-FI £12 
HI-FI £14 
HI-FI £20 
HI-FI £20 
HI-FI £35 
PA £12 
PA £15 
PA £20 
PA £22 
PA £26 
PA £29 
DISCO £26 
DISCO £29 

Ideal for Halls / PA systems, Discos and Groups. Two inputs . 
M1xer, Volume Controls. Master Bass, Treble and Gain Controls. 

; 50 watts r,m.s. Three loudspeaker outlets 4 , 8 . 16 ohms. 

; BAKER 150 WATT MIXER/POWER. 
-AMPLIFIER 
Professional 4 inputs with 
volume controls . Will mix 
mics, decks, musical £89 
Instruments. etc 

Slave version available £75 1 DO Volt Line £14 exira. Post £2 .00 

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" Post £1.50 ea 
MAllE MODEL SIZE WATTS OHMS PRICE 
SEAS TWEETER 4in 50 8 £7.5il ' 
GODDMANS TWEETER 3V.in 25 8 £4.110 
AUOAX TWEETER 3'!.1n 60 8 £10.SO 
SEAS MID-RANGE 4in 50 8 £7.50 
SEAS · MID-RANGE Sin 80 8 £10.50 
SEAS MID-RANGE 4Y>In 100 8 £12.50 
GODDMANS FULL-RANGE 5'1>in 15 8 £6.50 
GOO OMANS FULL-RANGE Bin 20 8 £5.50 
SEAS WOOFER Sin 30 8 £14.00 
RIGONDA RJLL-RANGE lOin 20 8 £8.50 
GOODMANS AUDIOM 12PG 60 8/15 £20.00 
GOODMANS AUDIOM 12PD 60 8115 £20.00 2 amp. 3, 4, 5, 6, 8 , 9, 10. 12. 15, 18, 25 and 30V . . . . . ..... £6.00 

1 amp. 6. 8. 10. 12. 16, 18, 20. 24, 30, 36 , 40, 48 , 60 £6.00 

~=;;;~ ~: ~: ~g ~~ : i~: i~ : ~g ~1: ~g: ~t :g !~ : ~g .... .. £~~::g r--D"iiTTim~iliimU:m'iliia.ii'i'ii~~ftiffliiTn-..--
s amp 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 .. £16.00 . 

·GOODMANS AUDIOM 12P 50 B/15 £20.00 

MAINS to 9 VOLT 

POTENTIOMETERS Carbon Track 
5k0 to 2MO . LOG or LIN . LIS 50p: DP 90p. Stereo L! S £1.1 0. 

'DP £1 .30. Edge Pot 5K . SP 4Sp. Sliders Mono.6Sp. Stereo SSp. 

£9.95 £10.95 
- Post 99p · Post ggp · 

' SUITABLE BOOKSHELF CABINET £9.SO. 

Bass woofer: EMI £1 0 9 5 .. . . 
15 ohm . 20 . . • · Post gg,p 

"J.Il!STANT" BULK.TAPE ERASER .• _; 
Suitable for cassettes. and all sizes of tape 

. reels. AC mains 200/ 250V. Hanp held size 

~iW;~~~t~~nadg~e:t1~e small tools £7. 50 
Re8cii:J8mag.nitiHr only £5 Post 

BLANK ALUMINI M CH S. 6 x 4-£1.20; B x 
6-£1.50; 10 X 7-£1 .90; 12 X B- £2.20; 14 X 9-£2.50; 
16x 6-£2.40; 16x 10-£2.70. 
ANGLE ALl. 6 x% x %in-25p. 
ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-38p; 
14 X 3-40p; 10 X 7-54p; 12 X B-70p; 12 X 5-44p; 
16x6-70p; 14xg-94p; 12x 12-£1; 16x 10-£1.16. 

, PLASTIC AND ALl BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 X 4 X 1 y, £1.4 X 2 X 2£1 . 3 X 2 X 1 
80p. 6 X 4 X 2 £1.30. 7 X 5 X 2Y, £1.45. B X 6 X 3 £2.20. 1 0 X 

7 X 3 £2.50. 1 2 X 5 X 3 £2.l0. 1 2 X B X 3 £3. 
BRIDGE RECTIFIER 200V PIV 4 amp £1.50. B amp £2.SO. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p. 
PICK-UP CARTRIDGES ACOS, GP91 £2. GPg4 £2.50. 

SONOTONE 9TAHC Diamond £3. V1 00 Magnetic £6.50. 
RESISTORS. 100 to 10M . '14W, 'I>W. 1W, 1p; 2W 10p. 
HIGH STABILITY. 'I2W 2% 10 ohms to 1 meg . 8p. 
Ditto 5% . Preferred values, 1 0 ohms to 1 0 me . 3p. 

12V, 1 OOmA £1.30 20V, 40V, 60V, 1 amp - ·-:- '£4.00 
12V. 750mA . £1.75 12V. 3 amp . . . . . . . £3.50 
10-0-10V2amp ...... £3.00 10V,30V. 40V, 2amp . . £3.50 
30V, 5 amp and 1 7V-0-1 7V, 2 of 28 volt 1 amp ..... £5.00 
· 2 amp . . . . . . . . . . . . £4.00 20V. 1 amp £~.lf0 
0.5, 8, 10, 16V, y, amp . £2.50 20V-0-20V, 1 amp .. £3.50 

9V. 3 amp t3.50 9-0-9 volt 50ma .. £1 .50 
25-0-25V 2 amp .. .. . £4.50 2 of 18V. 6 amp. . £11 .00 
30V, 1 y, amp £3.00 2 amp £3.50 12-0-1 2V, 2 amp £3.50 
6V y, amp £2.00 9V, •;.. amp £1.50 

15-0-1SV, 2 amp ...... £3.75 32-0-32V, sv, amp .. £11.00 

AUTOTRANSFORMERS:-115V to 240V 150W £8.00 500W £10.00. 

. . CH,RGER . CHARGER 

TRANSFORMERS RECTIFIERS 
· 6-12 volt 3 amp £4.00 6-1. -? ~olt ~,amp 
· 6-12 volt 4 £6.SO 6- 1'2 volt 4 amp 

LOW VOLTAGE ELECTROLYTICS 
1 mfd, 2 mfd, 4 mfd, B mfd. 1 0 mfd. 1 6 mfd . 2 5 mid , 30 mfd. 50 · 
mfd. 100 mfd, 250 mid . All 15 vgts. 22 mfd/6v/10v; 25 
mfd/6v / 10v; 47 mfd / 10v; 50 mfd / 6v; 6B mfd / 6v / 10v / 
16v/25v; 100 mfd / 10v; 150 mfd / 6v / 10v; 200 mld / 10v / 
16v; 220 mfd/4v/10v/16v; 330 mfd/4v/10v; 500 mfd/6v; 
680 mfd / 6v / 10v/16v; 1000 mfd / 2 .5v /4v/ 10v; 1500 
mfd / 6v / 1 Ov / 16v; 2200 mfd / 6v I 1 Ov; 3330 mfd / 6v; 
4700 mfd/4v. ALL lOp. 
500mF 12V 1Sp; 25V 20p; 50V lOp. 
1 OOOmF 12V 20p; 25V 3Sp; 50V SOp; 1 OOV 70p. 
2000mF 6V 25p; 25).1 42p; 40V 60p; 1200mF 76V 80p. 

2500mF 50V 70p; 3000mF 50V 65p; 2000mF 1 OOV £1. 

4500mF 64V £2. 4700mf 63V £1.20. 2700mF I 76V £1 . 
5000mF 35).1 8Sp. 

HIGH VOLTAGE ELECTROLYTICS · 

8 i350V l5p a·+ B/450V 75p 
16 /350V 45p B + 16/ 450V 75p 
32 /500V 7Sp 16+16/450V 7Sp 
50 / 500V £1.20 32+32/350V 50p 
8/BOOV £1.20 50+50/500 £1.80 
16 / 500V 65p 

50+50 / 300V . SOp 
32+32/450V 90p 
100+100/275V 6Sp 
150+200/275V 70p 
220/450V 9Sp 
80+40/500V £2 

TRIMMERS 1 OpF, 30pF, 50pF, 5p. 1 CJOpF , 1 50pF, 1Sp. 
CERAMIC, 1 pF to 0 .01 mF, 5p. Polystyrene 2 to 5000pF, 5p. 
PAPER 350V-0 .1 7p; 0 .5 llp; 1 mF 150V 20p; 2mF 150V 

· ;Deluxe pocket she precision moving" 20p; SOOV-0.001 to 0 .05 12p; 0 . 1 1Sp; 0 .25 25p; 0 .4 7 lSp. 

coil instrument, jewelled bearings - MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 

2000 o.p .v. Battery included · .. SUB-MIN MICRO SWITC.H, 25p. Single pole ' change over. 

11 instantrangesmeasure· TWIN GANG, 385pF £1; 500pF £1; 365 + 365 + 25 + 

DC volts 10, 50 , 250. 1000. 25pF. Slow motion drive £1 . 120pF SOp. 3 Gang 36 5 pF £2. 

AC volts 10. 50, 250, 1000 TRANSISTOR TWIN GANG. Japanese Replacement SOp. 

.DC amps 0- 100 mA. NEON PANEL INDICATORS 250V 30p. 

Continuity and resistance 0-1 meg ILLUMINATED ROCKER SWITCH. single pole . Red 6Sp. 

ohms in two ranges. WIRE-WOUND RESISTORS 5 watt. 1 0 watt. 1 5 watt 1Sp 

Complete with Test Prods and CASSETTE MOTOR. 6 volt £1.00 

instruction book showing how CASSETTE MECHANISM. Mono heads with motor £4.00 

. .. '£6.50 . to measure capacity and inductanc~ •. _ U.H.F. c_OAXIAL ~ABLE SUPER LOW LOSS. 2Sp yd. 

Stabilised output, 9 volt 400 m .a . UK made in plastic 

case With screw terminals . Safety overload cut out . Size 

5 x 3% x 2 112in . Transformer Rectifier Unit . Double 

insulated. Suitable Radios , Cassettes. models , £4.50 

.. -TEAK VENEERED HI-FI SPEAKER CABINETS 
For 13xBin . or Bin . speaker £9.SO Post \99p : 
For 6'12in . speaker and tweeter £8.50 Post 99p 1 

Many other cabinets in stock. Phone your requiremenis . · 
SPEAKER COVERING MATERIALS. Samples Large SA E. 
LOUDSPEAKER CABINET WADDING 18in wide 2Sp ft .• 

GOODMANS TWIN AXIOM 8 inch dual cone loudspeaker. B 
ohm. 1 5 watt hi-li unit £10.50. Ditto 1 5 ohm £8. Post £ 1 . 
CROSSOVERS. TWO-WAY 3000 c/s 3 or B or 15 ohm 
£1 .90. 3-way 950 cps/ 3000 cps, £2.20. 
LOUDSPEAKERS PM 3 ohm 7x4in. £1.50; 6'12in .. £l.OO; 
8x5in .. £l.OO; Bin .. El.SO. 

SPECIAL OFFER : 64 ohm, 2%in .. lS ohm. 3in ., 
25 ohm, 3in .. 5x3in ., 7x4in ., 8 ohm, 2in., 2'/ain .. 3in .. 3 Y2 in .. 
5in ., 15 ohm. 3'12in . dia. 6x4in ., 7x4in ., 5x3 in., 
l ohm. 4in ., Sin ., 7x4in ., 120 ohm, 3 V..in . dia . £1.50 each. 
FAMOUS MAKE TWIN CONE LOUDSPEAKERS . 
Bin . diameter 4W £3.50. 1 Oin . diameter 5W £3.SO; 
12in. diameter 6W £4.SO. 3/8 or 15 ohms. please state . 
MOTOROLA PIEZOELECTRIC HORN TWEETER £6.50 
Handles up 10 100 watts . No crossover required . 

BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia . Sturdy job . Size 6 1.4 x 4 314 x 2in . £1.50 

'GOODMANS RUBBER 
SURROUND BASS WOOFER' 
Standard 1 2in . diameter fixing w ith 
cut sides 12" x 10". 14.000Gauss 
magnet. 20 watts RMS 4 ohm imp. 
Bass resonance 30 c. p.s. 
Frequency response 20-BOOO c.p.s. 

BARGAIN. £8.50. Post £2 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
· Sizes 5"X 4" X 1" 9Sp. 6V2" X 2"X 2'14" 4Sp. 
JACK PLUGS Mono Plastic 2Sp; Metal 30p. 
JACK PLUGS Stereo Plastic lOp; Metal 35p. 
JACK SOCKETS. Mono Open 20p; Closed 2Sp. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mm and 3 .5mm JACK SOCKETS 15p. 
2.5mm and 3 .5mm JACK PLUGS 1Sp. 
DIN TYPE CONNECTORS 
Sockets 3-pin. S-pin lOp. Free Sockets l-pin, S-pin 25p. 
Plugs 3-pin 20p; S-pin 25p. 
PHONO PLUGS and SOCKETS ea. 1 Op. 
Free Socket for cable end ea.' 1Sp. 
S.:reened Phono Plugs ea. 1 5p. 
TV CONVERGENCE PC:»TS 1Sp each 
Values = 5, 7, 10, 20, 50. 100 200 . 250, 4 70. 2000 ohms 

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy 
10 build kit . Controls up to 4BO watts AC mains £3 

DE LUXE MODEL READY BUILT 800 watts plus Photo . 
Electric Sunset "On" feature . Front plate fits standard box £4. 

. •.. 
337 WHITEHORSE ROAD, CROYDON. RADIO COMPONENT SPECIALISTS· 

. Radio Books and Components Lists 20p. (Minimum post I packing charge SOp. ) Access or Barclaycard Visa. Please Tel: o·l:684 1665 for same day despatch. Cash prices include VAt. · Open 9-6. Closed ail day Wed. Open Sat. 9-5 . 

www.americanradiohistory.com
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·,TUNE IN · 
·the new-lOOk 

FRE 
"~·tjlf\DII's·-- ·H· ·o· p--n.tr::rc?7E:R·S.. . 
·LJ:J .. u.n~ . ~ • . . · -l·v~ll,~~' . 

• THE FIRST Yl." 
One of the most active of the early amateur YL opercitorswas Barbara 
Ounn BYL (later GBYL), who was involved in monitoring the famous 
Southern · Cross oA its transatlantic flight 50 years ago. Ron . Ham 
recounts 6YL's achievements. . 

• PW 'TWYNHAM' DIGITAL 
ANALOGUE.MULTIMETER 
Combining two instruments seems an attractive idea-until you want 
to measure, say, voltage and frequency together. The PW 'Twynham' 
is a mains"powered multimeter which gives you simultaneous 
analogue and digital readouts for both accuracy and trendwatching. 
Full instructions-are given for making this useful device. 

, . . /.,, 8 EXTRA EDITORIAL PAGES in the 
January issue out Friday December 5 
• DX TV-the basics 
• Tape/Slide Controller 

WIRELESS WORLD DECEMBER 1980 

VALVE.S. 'Minimum 'VALVES VAT'~ ,. 

.Order £1.00 IS INCLUDED .. 

£ £ £ , £ £ 
A106S 1.40 KT66 6 .30 X66 0.95 6JS 2.30 35Z4GT 0.80 

A2293 · 8.80 9 .20' X61M 1-70 6J5GT ·. '0,9Q 40K06 3.15 

A2900 12.80 KTBB 8 .95 XR1-6400A 6J6 0 .65 SOC5 1.15 

- ARB 0.75 13.80' 82.90 6J6W 0 .90 50C06G 1.35 

i1RP3 0.70 I\!IH4 . 2.50' Z159 9.00 6J7 1.20 7581 1.25 

· ATP4 ·o.8o ML6 2.50 Z749 0.·75 6JE6C 2.95 75C1 . 1.70 

a12i·r 3.90 N78 9 .90 ZBOOU 3.45 6K7. 0.80 7.6 0.95 

CY31 1.40 OA2 0.70 ZSOIU 3.75 6L6M 2.80 78 0 .9!5 · ~ 
OAF96 0.70 082 0.80 Z803U 8.95 6L6G 2.50 80 1.70 

OET22 21 .95, · PABCBO 0.60 Z900T 2.45 6L6GC 2.10 8SA2 1.40 

OF96 0.70 PCBS 0.7!5 1A3 Oc85 6L6GT 1.25 2.55' 

OK96 . 1.20 PCBS 0.95 1L4 0.50 6L7G .· 0.65 723AI B :u.ao 
' OH76 0.75 PCBS 0.95 IRS · 0.6(1 6L18 ' 0.7Q 805 20.70 

OL92 0 .60 ' PC97 1.50 154 0.45 6LQ6 2.95 807 1.25 

OY86/87 • 0.,65 PC900 1 .15 1$5 0.45 6LD20 0.70 813 ' 13.30 

OY802 0.65 PCC84 0.50 1T4 0.45 . 6KG6A 2.70 8298 14.00 
E55L 14.90' PCCB9 0.85 1U4 0.80 607G 1.30 632A 8 .90 

E88CC 1.60 PCC189 LOS 1X2B 1.40 6SA7 1 .00. 8661\ 3.80 
E88CC/01 PCFBO 0.80 2021 0.90 6SG7 1.15 866E 6.25 

3.10 PCFB2 0.70 2K25 '11.90 6SJ7 1.05 931A 1;J.80 

E92CC 1.20 PCF84 0.75 . 2X2 1.15 ( 6SK7 0.95 954 0.60 . 

EIBOCC 2.80 PCF86 1 .50 3A4 0.70 6SL7GT 0.85 955 0.70 
E180f . 6.30 PCF87 0.50 3AT2 2.40 6SN7GT 0.80 956 0.80 
E182CC 4.95 PCF200 1.60 . 306 0 ,50 6SR7 1 .10 957 1·.05 
EA76 2.25 PCf201 1.65 3022 23,00 •6507 0.95 1625 1.80 

EABC80 0.60 PCFBOO 0.50 3E29 19.00 6V6G 1.50 1629 1 •. 85 
~891 0.60 · PCF801 1.76 3S4 0.80 6V6GT 0.1!5 2051 2.90 
EBC33 1.15 PCF802 0.85 58 I 254M 6X4 0 .75 5763 4.20 
EBC90 0.90 PCF805 2.45 14.00 . 6X4WA 2 .10 5842 7.50 

1.· EBFBO 0.60 PCF806 1.20 58 I 255M 6X5GT 0 .85 5851 3.40 

EBF83 0.60 • PCFB08 2.05 11 .50 6Y6G 0.90 5881 3.40 : 

EBF89 0.80 PCH200 1.35 58/258M 8.80 6Z4 0.70 5933 6.90 

EC52 0.65 PCL81 0.75 5R4GY 1.30 ' 787 1.75 6057 2.20 ' 

E,::91 3.40 PCL82 0.95 5U4G 0.75 7Y4 1.25 6060 1.95 

EC92 0.85 PCL84 0 .90 5V4G 0.75 902 0 .70 6064 2.30 . , 
ECC81 0.65 PCL86 1.05 5Y3GT 0.80 906 2 .90 6065 3.20 
ECC82 0.80 f'CL805 /85 5Z3 1.50 10C2 0.85 6067 2.30 

ECC83 0.65 1.25 5Z4G 0.75 10F18 0 .70 6080 5.30 

ECC84 0.60 P0500 1510 5Z4GT 1.05 10P13 1 .50 6146 4.95 .,, 
ECC85 0.60 4.30 6 130L2 0.90 11 E2 19.50 61468 5.20 

ECC86 1.70 PFL200 1.10 6A87 0.70 12A6 0 .70 6360 2.85 

ECC88 0.110 2.80 6AC7 1.15 12AT6 0.70 6550 6.60 
ECC189 0.95 PL36 1.25 6AG5 0.60 12AT7 0 .65 6870 14.00 

ECC804 0.90 PLBI 0.85 6AH6 1.15 12AU7 0.60 8552 8.20 I• 
ECFBO 0.85 PL82 0.70 6AK5 0.65 12AV6 0.95 6973 3.30 
ECF82 : 0.65 PL83 0.60 6AKB 0.60 12AX7 0.65 7199 2.85 

i 
ECF801 1.05 PL84 0.95 6AL5 0.60 12BA6 0 .90 CRT 
ECH34 2.25 PL504 1.45 6AL5W 0.8!5 12BE6 1 .25 1CP1 18. 50 

ECH35 1.70 PL508 1 .95 6AM5 4.20 12BH7 1.10 3BP1 11.00 

ECH42 1.20 PL509 2.90 6AM6 1.50 12CB 0 .65 5FP7 18.00 

ECH81 0.70 PL519 3.20 6AN8A 2.50 12E1 18.95 4EP1 32.00 

ECH84 0.80 PL802 3 .20 6AQ4 3.40 12J5GT 0.55 88J 14.00 

ECLBO 0.70 PY33 0.70 6AQ5 1.00 12K7GT 0 .70 88L 14.00 

ECL82 0.75 PY80 0 .70 6A05W 1.80 12KBGT 0.80 CV1526 16.00 

ECL83 1.40 · PYBI 1800 0.80 6AS6 1.15 12Q7GT 0.80 OG7-5 22.40 

ECL85 0.80 PY82 0.85 · 6AT6 0.90 ' 12SC7 0.65 OG7-32 34.80 

ECL86 0.90 PY83 0.80 6AU6 0 .60 12SH7 0.65 OG7-36 36.00 

EF37A 1.50 PY88 0.85 6AV6 0.85 12SJ7 0 .70 OPM9-11 38.40 

EF39 1.25 PY500 1.70 6AX4GT 1.30 12SQ7 1.45 013-33GH 
EFBO 0.65 PY809 6.45 6AX5GT 1.30 12S07GT 0 .85 41.80 

EF83 1.76 PYBOI 0.80 6BA6 0.55 12Y4 0.70 
EF85 0.60 QQV03/10 6BE6 0.60 1303 0 .70 · spec. Q 
EF86 0.75 2.85 6BG6G 1.60 1305 0.90 
EF89 1.05 QQV03-20A 6BJ6 1.30 1306 0 .80 
EF91 1.50 14.40 6BQ7A 0.85 1457 1 .15 
EF92 2.90 QQV03·25A 6BR7 4.80 19AQ5 0.85 
EF95 0.65 21 .20 68W6 6.20 19G3 11 .50 
EF96 0.60 QQV06 140A 6BW7 0.90 19G6 8.50 
EF183 0.80 16.10 6C4 0.50 19H5 39.55 
EF184 0.80 QV03-12 4.20 6C6 0.55 2001 0.80 
EF804 4.95 SC 1 I 400 4.60 6CH6 8.20 20F2 0.85 SPECIAL 
EF812 0.75 SC1 / 600 4.50 6CL6 1.70 20E1 1.30. VALVES 
EFL200 1.85 SP61 1.80 6CX8 3.80 20P1 0.65 4CX 11liiiA 
EH90 0.85 TT21 16.50 6CY5 1.15 20P3 0.75 4CX 50IIIlA 
EL32 1.10 U25 1.15 606 0.70 20P4 1.25 8MZ5l 
EL34 1.80 U26 1 .15 6EAB 3.20 20P5 1.35 BW 153 · 

2.90' U27 1.15 6F6 1.60' 25L6GT 0.95 DMZ5LB 
EL37 4.40 U191 0.85 6F6GB 1.10 25Z4G 0.75 Yl1421J 
EL81 0.95 U281 0 .70 6F7 2.80 30C15 0 .50 YL 1430 
EL82 0 .70 U301 0 .65 6F8G 0.85 30C17 0.50 n 1440 
EL84 0.80 U600 11.50 6F12 1.50 ... 30C18 2.45 GXU6 
EL86 I 0.95 UBOI 0.90 6F14 1: 15 30F5 1.15 CV1597 
EL90 1.00 U8C41 1.20 6F15 1.30 30FL2 1.40 CY Z116 

- El9.1 4.20 ~~~~~0 . ~:~~ 6F17 1.15 · , 30FL12 1.25 ·4CX 15008 
EL95 0.80 6F23 0.75 30FL14 2.15 BR 189 
EL504 1 .70 UBFBO 0.70 ' 6F24 1.75 30L 1'5 1.10 BR 179 

., 
EL509 2.70 UBFB9 0.70 6F33 10.50 30L17 1.10 CV6131 ·. 
EL802 1.70 UBL1 1 .25 6FH8 3.60 30P12 1.15 GMU 2 
ELB21 8.20 UBL21 1 .75 6GA8 0.90 30PL 13 1.25 TI4·500 
EL822 9.95 UCC84 0 .85 6GH8A 0.95 30PL14 2.45 BK485/5552A 
EMJI 1.60 UCC85 0.70 6H6 1.60 35L6GT 1.40 MIL 594811754 
EMBO 0.85 UCFBO 1.30 6J4 ' 1.35 35W4 0.80 GNP·l7A 
EM81 0.85 UCH42 1 .65 6J4WA 2.00 
EM84 0.85 UCH81 0.75 ----
EM87 1.30 UCL82 0.95 GEIGER 11ifuu:E:R TUBEs· '" · 
EY51 0.95 UF41 1.25 RESISTORS GM4 5.90 EY81 0.65 UF80 0.95 ww EY86 / 87 0.60 UF85 0.95 MX120/01 27.60 
EY88 0.65 UL41 1.50 . 1 .5watt 0.10 
EZBO 0.70 UL84 0 .95 3 wan 0 .21 FIELD TELEPHONES TYPE "J". 
EZBI 0.70 UMBO 0.90 4.5watt 0.28 Tropical, in metal cases. 
GY501 1.30 UM84 0 .70 6 watt 0.41 
GZ32 1.05 UY82 0 .70 

9 watt 0.49 10-LINE MAGNETO SWITCH-
GZ33 4.20 UY85 0.85 BOARD. Can work with every type 
GZ34 2.30 VR105 / 30 20walt 1.15 
GZ37 4.60 1 .25 120watt 1.80 of magneto telephones. 

VR150 130 TELEPHONES EEB. American 
. 1.35 

manufacture, in leather or canvas 
VALVES AND TRANSISTORS housing,. 
Telephone enquiries tor valves. tra~sistors ; etc.: retail 

INTEGRATED CIRCUITS 7493934, trade and export 743 0899 . 

f PRfCES MAY VARY~- ·: tscNi401 N 0.32 SN74L73N 0.38 SN 76033N 1.95 

=·-- SN5402N 0.28 SN7474N 0.30 MC6800P 8.20 
A-I!SISTOIIi·s ex SN5410F 0.32 SN7485N 0.95 MC68BOOP 9.80 
NON INDUCT. SN54 70F 0.48 SN 7 4L85N 1.10 MC1451 18AL2.95 

50ohm lOW 0.85; 6.3kohm 6W 1.15 SN54196J 1.20 SN7491AN 0.32 81 702AL 4.30 

TELUROMETER MRA3 DISTANCE MEASURERS SN7407N 0.29 SN74123N 0 .42 MM6300·1J 3.80 

LOW RESISTANCE HEADPHONES TYPE CLB £ 1.50. SN7408N 0.18 OM74123N 0 .38 MCM6810AP 3.40 
SN7445P 0.85 SN15836N 0.26 6340-IJ 3 .60 

40p postage. VAT 15%. SN74453P 1.10 SN760013N 1.80 MIC945· 50 0.28 

HIGH .VACUUM VARIABLE CAPACITORS- cer· SN7453N 0.18 SN76003N 1.60 M IC936· 50 0.22 

amic envelopes uc 1000AI201150~VMMHC 36' AERIAL MASTS consisting of 6 sections 6 ' 8" X 
1000 60· 1 000" F, 20kv-1SOA RF max~ 27MHz 2 %" dia . Complete with all accessories to erect and 
TEST SET FT2 for testing Tran•ceivers A40 , A41 , A42 

instal 
and CPRC26 ' 

Mullard C11. High power installation , 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk 
2 YA 8316 to tra 1n 32 operators simultaneously on key 1 OOOW . Technical details and prices available 

and phone . Complete installation consists of 3 kits ~~~e.W:~~~~i:C.~.1~~~~~' lisL packed in 3 special transit cases 
HARNESS .. ~ .. & "B" CONTROL UNITS "A" "A" POSTAGE: £1 -£3 30p; £3-£5 40p; 
"J1" "J2," Microphones No 5. 6 , 7 connectors, 

£5-£10 45p; £10-£15 60p; over £15 frames. carrier sets etc 
DRUM CABLE cont inuous connect ion YC 004 33 free. 

COLOMOR Tel. 01-743 0899 
(ELECTRONICS LTD.) .)'' Open Monday to Friday 

110 Goldhawk Rd., London W.12 · 9 a.m.-5.30 p.m. 
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it pac;:ks twice as much 
on ONE BOARD - at aro·und 
HALF THE PR!C!E! 
lt'staken three whole years to produce the BigBoard. 

designed from scratch to run the latest version of · 

CP/M, so just imagine what software you coold'run 

WITH NO.MODS NEEDED! In factJ ,add a cpupl~_ of 
8" Disk Drives. a Video Monitor andJ~eyboard, then 

an enclosure and connect a sui.table Power S\Jpply-·and • 

you 'II have aT otal Business System for about QNE 
THIRD the .(:o.st1' That's w!\a't 'you cal)}3igBoard : - : 

flexibility, power ·:_ and sheer operating value·. Send 
· ' · · ' for your BigBoarcj today! , , , ·~ 

Size 8'/z x 13314 inches. Requires+ SV @ 3 Amps +I- 12V @. 0.5 A~ps. 
' · 

YOU GET .THESE :.FEATURES~ .. -·· _ . 
64KRAM That's 64K of usable RAM space using industry

standard 41 16s. AI/ 64K is available to the user. 

(video and EPROM sections do not make holes in it. 

for example), and extra spec ial care has been taken 

to ensure that the RAM array PC layout eliminates 

potential noise and malfunction . 

Z·80 CPU I Handles ol/41 16 RAM refresh and supports all 

MODE 2 INTERRUPTS. Fully buffered, the Z-80 I runs all 8080 software . 

Floppy 

Disk 

Controller 

Uses the WD 17 71 controller chip with TTL Data 

Separator for reliability. IBM 3740 compatible. i t 

will support up to four 8" drives and is directly 

compatible with standard Sugart drives such as t he 

SA800 or SA80 I . Drives can also be configured for 

remote AC off-on . Runs CPIM 2 .2. 

80 x 24 G ives a crisp, flicker-free, sharp display even on the 

Character smallest monitors. Hardware scroll. full cursor 

Video controls, c~~posite or split v ideo and sync . The 

charac ter set is supplied on a 2716 style ROM 

(makes customised founts that much easier'), and 

sync. pulses can be any desrred·length or polarity. 

Video can be invened or true 

Basic 1/0 · 

PFMJ.O 

2K System 

Monitor 

A sepa rate parallel port ( Z8.0 PI 0) for use with an 

ASCI I enccdeq keyboard for input.. Output on the 

80 ~ 2 4 charac te r video d1splay . 

The on-boar·d PFM 3. 0 is the real power behind ihe 

BigBoard . PFM commands 1ncludc Dump Memory. 

BootCP ' M .. C op y, ExJ ntrnc , Fill Memory, Test 

M~mor y . Go To. Read and W rrtc 1·0 Ports , Disk 

Read 1 Drive, T r:1 ck . Sec to r \ and S" ar ch. But. PfM 

occupies o ne o f t he fo, ,,. ·: 716 EI'HOM s: so it 

do esn ' t occ upy any of th~ 64 K of u>ablc RAM! 

FourPor·t 

Parellel 

1/0 

Real Time 

Clock 

CP/M 2.2 

. ; 

Full. 2 ~hannels usin~ the Z-80 S I 0 and th~ SMC · , 

81 16 Baud Rate Gene~ator. You get FULL RS23 2~ < 

For synchronous or asynchronous communication : 

and clocks can be transmrttcd or reteived by a 

· · modem in the former. Both channels tan be .set up 

for e1ther data communiCation or data termlnak · 

SupportS ~ode 21m. PRICE JUST £60 . 

Uses Z-80 PI 0 to g1ve full I b bits. fully buffer·ed an,d 

•. pi ·CJirecrronal. User selectable hand-shake polarity·, · 

and set of all parts and connectors for parallel· I o . 
QNLY £25 . . . 

·Uses Z-BO 'CTC and can be configured as a 

counter on Real Time Clock. Set of all parts 

ONLY£12 

The popular CP 'M D . 0 .S. as modified by Micro~r~ 
Systems to r~n on the Big Board is just £99 · ' . ' 
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From Newtron ics 

TH E NEW EXPLORER / 85 SYSTEM 
EXPLORER/85 
PROFESSIONAL COMPUTER KIT 

An inexpensive 
8085, S1 00 Based 
Computer System designed 
for maximum flexibility 
Now available with 8" Floppies 

The EXPLORER/85 offers you real design flexib ility- you can build the exact systeiT) you require . EXPLORER/85 can be your Beginners System, OEM 

Controller or IBM formatted 8" Disc System. You don't buy more than you need. Prices start from £85. 

Here 's the line up: 

Intel 8085 microprocessor . 8355 as a really powerful 2K Monitor system . 8155 RAM 1/0 all on one single Mother board with room for 

RAM /ROM I PROM / EPROM and two S- 1 00 pads (expands to six), plus plenty of prototype space . 

The 8085 is 100% compatible with the 8080 but 50% faster . The 8355 ROM 2K monitor system includes cassette interface with tape control. Two 8-bit· 

programmable I /0 ports, automatic baud rate selection, labelling of cassette files, etc . 81 55 RAM I /0 features ~K 'scratch pad '. Two programmable B:bit and 

One programmable 6-bit I I 0 ports plus progammable 1 4-bit binary counter-timer . Plus many other features which cannot be included due to lack of space. 

You can purchase the EXPLORER I 8 5 Mother board (level A) at this point for as little as £85 or we'll supply it with address decoding and data drives plus 

wait state generator and separate regulators (level B) , 4K Workspace (level D), 8K Microsoft Basic in ROM for £233 in kit form or £293 assembled and tested. 

If you don't possess a VDU you can add our Keyboard Terminal (less monitor) which features a full ASC11 keyboard with upper and lower case with cursor 

control, Video Display board which is microprocessor controlled giving 64 or 32 (on TV) Characters by .1 6 lines adding up to a full computer system having 4K 

workspace at a special price of £299 (less P.S.U. and monitor /TV). 

Compare these prices carefully and you ' ll find you are actually getting more for your money. 

4K space not enough? Then it's 'JAWS' for you (see below) and you can go up to 64K in 16K steps . We'll let you have a 16K EXPLORER /85 for only ~399. 

Like a Floppy Disc system? We now have an 8" Drive system with CP I M . We will quote you for a complete system either in kit form or assembled ready to go. 

8'' FLOPPY DISC 
SYSTEM 

8" Control Data Corp ProfeaaioMI Drive 
*LSI Controller* Write protect *Single or Double density* Capacity 400K Bytes (SO) 
BOOK Bytes (DO) unformatted* Access time 25ns . Price £350 . 
DISC CONTROLLER 1/0 BOARD 
Controls up to 4 Drives* 1 7 71 ALSI (SO) floppy disc controller *On board data separator 

(IBM compatible) * 2716 PROM .ocket included for use in custom applications * 

On board crystal controlled *On board I 10 baud rate *Two serial I I 0 ports *Autoboot 
to disc system when system reset* Generators to 9600 baud *Double-sided PC board 

(glass epoxy) . Kit price £150. assembled £1 70. 

DISC DRIVE CABINET WITH POWER SUPPLY 
De Luxe steel cabinet to house single drive with power supply unit to ensure maximum 
reliability and stabil ity. Price £79 . 

DRIVE CABLE SET-UP FOR TWO DRIVES 
Price £19 .00. 
SAVE £30 by purchasing complete single drive system. One 8" drive, F.D.C. board , 

cabinet/PS.U . and cables. Regular price £598 , Special price £568. 
CP/M 1.4 £75. CP/M 2 .2 £98. Extended Microsoft MBa sic £21 3 (includes CP I M 2.2) . 

· Let us quote you for other Software 

ELF II 

ELF II 

SPECIFICATION 
'RCA 1802 B-bit microprocessor with 256 byte RAM 
expandable to 64K bytes . 
·RcA 1 B61 video IC to display program on TV screen via 
the RF Modulator Single Board with Professional hex 
keyboard - fully decoded to eliminate the waste of 
memory for keyboard decoding circuits . Load , run and 
memory protect swiches. 16 Registers, Interrupt, DMA 
and ALU . Stable crystal clock . Built-in power regulator 
5-slot plug-in expansion bus (less connectors) . 

Christmas Special OHer 

~£39._95 

BOARD WITH VIDEO OUTPUT 

FEATURING THE RCA COS MAC 1802 cpu 
STOP reading about computers and get your "hands on" an ELF II and Tom Pitman 's 

short course. ELF II demonstrates all the 91 commands which an RCA 1 902 can execute, 

and the short course speedily instructs you how to use them . 

ELF ll ' s VIDEO OUTPUT makes it unique among computers selling at such a modest 

price . The expanded ELF II is perfect for engineers, business. industry, scientific and 

educational purposes . 

ELF II EXPANSION KITS 
Once you've mastered your ELF II you can then expand it to a full 64K microcomputer 

with our range of ELF II expansion kits . - Hardware - Firmware- Software- Manuals . 

NOW AVAILABLE BASIC LEVEL Ill with R.P.N. Maths package . Both cassette and 

EPROM versions . 

SEND SAE FOR COM PREHENSIVE BROCHURE 

64K •JAWS' S100 
DYNAMIC RAM 
BOARD 
Newtronics solves the problems of Dynamic 
RAM with a state-<>f-the-Art chip from Intel that 
does it all. Intel 's 8202 64K dynamic RAM 
controller eliminates high logic pans ... delay 
lines . .. massive heat sinks ... unreliable 
trick circuits. 

We offer you- Hidden refresh . fast performance ... lower power consumption . 
latched data outputs 200ns 4116 RAM ' s on board crystal 8K bank 

selectable fully socketed . solder mask on both side of the board . 

Designed for 8080. 8085 and ZBO bus signals ... works in Explorerl85. Tuscan, 

Horizon, Sol. as well as all other well-designed S 100 computers . 

16K kits 
32K kits 
48K kits 
64K kits 
16K expansion kits 

£149 
£194 
£239 
£284 

£45 

Wired and tested 
Wired ;~nd tested 
Wired and tested 
Wired and tested 

£169 
£214 
£259 
£304 

flflUJtriJrli(]S 
TVM-10 MONITOR 

£99.50 
IDEAL FOR APPLE NASCOM 

U.K. 101, ETC. 

e Designed for monitoring computers, closed circuit TV and 
Video Tape Recorders 

e 1 0" black and white video monitor 
e 10 MHz band width 
e High-quality metallic cabinet 
e Dimensions: 9" x 9" x 9112 11 Trade Enquires Welcome 

Please add VAT to all pr ices. P&P extra . Please make cheques and postal orders 
payable to NEWTRONICS or phone your order quoting BARCLAYCARD, ACCESS 
number. 

~::"· ' .. )] CALL: Iii 

fl fi UJilllrJi[J~ We are open for demonstrations and Sales. Monday-Saturday, 9 .30 a.m .-6.30 p.m . 
Near Highgate Underground on main A 1 into London . 

- WW- 068 FOR FURTHER DETAILS 

255 ARCHWAY ROAD, LONDON, N.6 
TEL: 01-348 3325 

WIRELESS WORLD DECEMBER 1980 

The facts of the c 

West Hyde have one aim in life, to provide a practical solution 
to the problem of electronic packaging. The fact of the matter 
~s th~t we ha~e an ideal case for almost every project featured 
1n th1s magazme. In this advertisement it is impossible to 
show you our whole range of.nearly 1,000 different instrument 
cases, or our extensive collection of tools and accessories. . 
Please complete the coupon and, in turn, we will send you our 
free 80-page catalogue and price list. 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

from £2.8o per 1 00 

Wirewound Power Resistors 
(Ceramic). 5w-17w OR5-39K 
from £9.35 1 00. 

Cable Sleeves and Markers 
from £1.31 1000. 

Cf. Resistors. Yaw-2w from 
. . . . . . . . . . £4.00 1 000. 

Crimp Terminals. Elma Knobs 
and Dials. Audible Warning 
Devices from £1.14 each. 

Catalogue available 
(state interests) 

Ct. Resistors 
Y4w5% 
£3.00 1000 (per value) + 
carr. and V.A.T. Following 
values only. 
6E8 33E 100E 120E 360E 
470E 560E 2K4 2K7 4K7 
5K6 7K5 8K2 lOOK 120K 
150K 220K 300K 390K 820K 

PBRA LTD. 
Golden Green, Tonbridge 
Kent, TN 11 OLH 
Hopfield (07327 4) 345 
Member Crystalate Group 

WW- 060 FOR FURTHER DETAILS 

fAST PCB 
P TOTYPfS 

--- - M.PUTER_APPRECIATION" 
!~"~~~~.~~p~~~~23~r~~!~e~i~~.1~!t:hiRMedh i lf, S urrey RH1 4PA. Tel : Godstone (0883 843221 

C;~oS:..Cbyt;:,·tr~:r";);t~terface channels and 2 x 2_7t 6 E~OMs, g64K byte ~-SV~~ ~~r: ';~~tg~~~~o;;,:r~ CDC Model CP CL 892 300 lpm line printer 

VDU (24 lines x BO ch), ~ts~~-1 ~,;FD~~LO ~~es 30 removable dose droves compatible with RKOS. vrs 2 g::f~';:~:ooo belt printer 65 lpm. Paraii~I ·T-TL ·o~t~rt~~e·. ·,.;~~u·f~ct~;ed 1·9aci · · : · : · · · · · g::-:-
components of this system are NEW and datedv;t~80 spar.e s/~ts. A:rt from the term mal and disc drives the at our premises ESio~oDISC DRIVEl. These are oHered fully refurb•she~ an~ ~ay be ~iewed ~P~r~ling on-iine 

TEXAS INSTRUMEitiTS Model 980A processor . Wiih .1SK. ~ ·,6· ivios . . .... ..... , . . £7,100.00 AKOS drive for roPILS~~r~hase . 2 .5megabyte removable cartridge versoon os dorectly compatible with the DEC 

n'X:i· A generous assortment of interface module~ is included . Manufactur::';'~fB banery backup~~~ As above, but with cartridge rem.;_,~ble. by ~~g·i ~ee; ;~th~; th~~ ~p~r~tor . . . : : : : : : _ : : . : : : ::·: 

TILETY:~~~~K~~r:J ~~~~ ~!~~:loc_:~s~~~s above. bu1 with SK x 16 memory . : : : : : : uoo:oo n:':~~i~d':?s~~ .~;;a~~~~::::~~ Woth one foxed and one top loading plane r of 5 megabytes capacity t;tal 

K. N Model AC3500 acoustic coupler. AS NEW · £110.00 (One only BRAND NEW) . . . . . . . _ : . . .. · · · . £410.00 

:..~t::'!::~leM~~:!n:o.:i:or~i~~~~~~~2u~~~7ti~7~~i;r,::;:~ntcg iBM Mod~l ai . d~a·l pit~h ~~~b~ ~:~2~gge~ ~.31t5QEr8-NWX 5 megabyte di~ d ri ~e· .;,. ith ~n~ iro ~ i lo~di~g ·c~ ;t ; idge ~~ d ~ ~. ii~e~JP~~~~ 
TELETYPE Model ASR 33 . h 20 A • · · · · · · · £1110 00 IIUIIROUG P · pm . . .. · . · · · · · · · · · · · · · · : · · · · · · . . . . . £1110 00 

may be disabled b insertio~~f . m currant loop or AS232 interface. 110 Baud. re,:,ote ·r~~der c~ntrol (which .. . . . . . HS dosed roves. 2 x 2 .5 megabyte front loading cartrodg e in cabinet. Will i~ terfa~~ i~ m~st. controliers 
DATA DYNAMitS Model AS~~u;6'ej, papertapereaderlpunch and stand (when avaolable) from £1 1 1.00 . . . . . . . . . . . . . . UIO 00 (P 

motor cut out feature, reader single. 510";h=~~~~~~~~~e~itt'~~~i~gA.;'o~e~3 ~5ut2w32oth_ atddfitoon olf 240v operation. = C Model TU 10 9-track NAZ drive in rack ~bi~~~- Man.uf~c·t~ r~d ·, ·9·7·5· ~~d- DEC ;.,; aintained £t 100 8irl 

ommaculateconditoon . · on er ace. ow hours and in w:.W~~=~181'6~~-~ 5 9-~a~k PE and NAZI tape drives us ually available from stoc k ... . . .. £.11:: 

DI/AN Modet 9030 D k · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · £275 00 . . . . . . . . . . . . -trac RZ tape dnves. 2 dnves mounted 1n cab met . (Enquire for one·of f price) . 

BAUD. Features swit~ha~.-~u~:~·~:;~~~a~~;b~:~dw;~~rd~p~:~ ~p~per I lower -c~~~ ~~iri.x"pr int~r : up to jOO · · · · · · · · · · · · · 1 

TEXAS SILENT 700 KSR TERM oons . . . £1 t O 00 ~ERCTEModeiC ModCRel1413ca1 r1dKreeaydteor9-tr_a_ck m_· a.gta_ pe-~ n·c~e_· r_ Boo_· bpi. port~ b-· le_· ·u_ni_t . . . . £~ :::: 
loop interface . . ___ . _ _ _•_NAL. 30 cps dot matrix terminal using thermal ·p~p~;- With 2o;,A cur;ent 

TEXAS SIUNT 700 ASR TERM INA· · · · · · · · · · · · · · · · · · · · · · · · · · · £271 00 :,'!:!~~:'{ J~bB~~~on w_. ith TALLY reader ~nd TE_ LETYP_· i: .BA PE_ 1 1 0 Pun~h Operates eith~r ~:c~~~~ 

IT
maEgLneMticodtaelpetcas05se1 niBeMunits . ... . . .. L_ •. 1_ 1_ o_ I_ 300 ___ Ba_u_d_ m __ at.rix_ t.e.rmi_n_a,l _u __ •i.ng _· t_h•_· r_.m_· a_ I_· pa. _·P_• ,; .· W£1ith7 5tw.·00in TREND Model . . . . . . . . £2S I 00 

. PTS incorporatong TREND Model HSR350 J5o ~ps ~pticai ;ead~; ~~d· GNT M~ · · · · 

interface and optic,;l paperst;:;;~;:~;r}~~~~~l) EtJto7~~~~~~sed terminal. Woth standard RS232 IV24 serial ~l;c~otlc~/6ete woth all power supploes suitable for desk top use or rack mounti ng del 3::.u;~ 
As above. buttested only so far as typewriter operation . . . . . . . . . .. . ... . . . . .. .. £21 1.00 e Hogh Speed paper tape punch woth parallel TTL inte rface . . . . . . . . : .. : £410:00 

=:~~ ~p~~~g~A ~ ~5 c: (~a0trix printer with parallel and se ;i~l· i~ie.rta~~ ~pii~~.- · · . : : g~::: * VAT and carriage extra all items. 
-L ~AT og pe 0 lpm) lone pronter . . . £210 00 * Vis t I b 
- ,.... RIX I'll INTER. 12D cps with dual tractors and long platen . U~~s~d . : : : : : : : : · £liO •. OO 1 ors we come. ut by appointmen t please * We are keen to bid compet it i ~,~e_ly for all good used equ ipme~t . 
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PM COMPONENTS L TO. VALVE & COMPONENTS SPECIALISTS 
CONINGSBY HOUSE, WROTHAM ROAD, MEOPHAM, KENT. TEL 0474 813225 ~~ - lllJIEIImED BC208 BD132 us BF182 0.29 BFX85 G.28 TIP29C 

BC212 BD133 0.40 BF183 0.29 ' BFX86 8.30 TJP30C 

BC212L BD135 0.341 BF184 11.28 ' BFX88 us TIP31C 
BF185 8.28 BFY50 0.21 TIP32C 

SN76650N TBA810AS 
SN76660N TBA920 AA119 

MC1307 SN76666N TBA920Q BAI02 
MC1327 TAA550 TBA950 BAliS 0.13 

AC126 
AC127 BC109B BC213 BDJ36 0.341 

AC128 BCIJ4 BC213L BD1 37 0.28 BF194 0.11 BFY51 G.21 

AC141K BC116A BC214 BD138 0.341 BFJ95 0.11 BFY52 0.25 

ACI42K BCI40 BC214L BDI39 0.32 BFI96 0.11 BFY90 0.77 

ACI76 BCI41 BC237 BD140 0.341 BFI97 0.11 BRIOO 0.11 

ACI76K BC142 BC238 BDI44 1.20 BFJ98 0.10 BR!Ol 0.3111 

ACI87 BC143 BC251A BD182 0.70 BF199 0.14 BRC4443 0.851 

AC187K BCI47 BC252A BD201 0.83 BF200 0.30 BT106 1.00' 

AC188 BCI48 BC258A BD203 0.78 BF241 0.15 BTl OS 1.22 

ADI49 BCI49 BC303 BD204 0.70 BF257 0.18 BT116 ue: 
ADI61 BCI57 BC307 BD222 0.46 BF258 0.25 BU105 1.22 ' 

ACI61/2 BCI58 BC327 BD225 0.46 BF259 0.20 BUIOS I.G: 

AD162 BCI59 BC337 BD237 0.30 BF273 0.13 BUI24 1.00 ' 

AF124 BCI60 BC338 BD238 0.33 BF336 0.34 BUI26 1.%2 

AFI25 BC161 BC461 BD410 0.25 BF337 0.211 BU205 1.31 

AF126 BC!70B BC478 BDX32 I .!ill BF338 0.32 BU208 1.39 ' 

AF127 BC171 BC547 BF115 us BF355 U7 BU208A 1.52 

AF139 BC171A BC548 BF127 0.24 BF363 Ul BU208·02 1.88 

AFI50 BC172 BC549A BFI58 0.18 BF371 I 0.20 BU326A 1.42 

AF239 BCI72C BC550 BFI60 0.27 BF457 0.23 BU407 1.24 

AUllO BCI73B BC557 BF167 0.24 BF458 0.%3 BU500 1.75 

AU113 BC174A BC558 BFI73 G.22 BF459 0.341 MJE340 8.40 

BC107 BC182 BD115 BF178 O.M BFT42 0.18 MJE520 0.44 

BC107B BC182LB BD116 BF179 0.34 BFT43 0.27 R2008B 1.70 

108 BC183L BD124 BFIBO 0.29 BFX29 0.38 R2010B 1.70 

.!Kl84LA BD131 BFIBI 0.211 BFX64 O.M R2540 2.48· 

EY64 9.00 PCC85 0.54 PYSI 0.54 
EY86/87 0.541 PCC88 0.80 PY88 0.72 

A2087 11.56 EBFBO o.ss EF89 EZ80 0.48 PCC89 0.80 PY500A 1.35 

A2134 8.08 EBF89 0.70 EF91 1.22 EZ81 0.56 PCC189 0.110 PYSOO uo 
A2293 7.20 ECC81 0.55 EF93 us EZ90 U6 PCFBO 1.72 PY801 0.10 

A2521 9.00 ECC82 0.55 EF94 o.ss GEIO 11.56 PCF82 1.70 QB3·300 28.25 

BT5B 30.00 ECC83 0.60 EF95 0.78 GRI6 6.56 PCF86 1.10 QQV02-6 8.25 

D3a 111.00 ECC64 0.60 EFI83 0.56 GTIC 11.110 PCF200 I .!ill QQV03-IO 2.511 

DM160 2.10 ECC85 0.60 EF164 8.541 GU50 11.7S PCF201 I .!ill QQY03·20A 12.25 

DY86/87 0.55 ECC88 0.65 EH90 us GXUI 8.80 PCFBOI O.tn QQV06-40A 13.85 

DY802 0.10 ECC91 0.65 EK90 G.65 GY501 us PCF802 O.M QQZ06·40A 45.25 

EBOCC 4.75 ECCI89 0.78 EL33 2.56 GZ32 0.78 PCFBOS 1.52 QSJ200 3.15 : 

E80F 6.25 ECC804 0.46 EL34 1.54 GZ33 1.85 PCF806 0.80 QSI209 1.50 

E81CC 3.80 ECC807 1.30 EL36 1.80 GZ34 2.00 PCF808 1.48 QSI212 3.25 

E82CC us ECF80 0.65 EL37 4.00 KT61 3.511 PCH200 0.87 QV03·12 us 
E83CC 3.00 ECF82 0.80 EL41 1.50 KY66(USA) 4.00 PCLB2 0.68 QVI6-25 1.25 

E83F 3.00 ECH81 0.58 EL81 1.01 KT66(UK) 9.00 PCL64 0.72 QY3-125 30.50 

E86C 8.00 ECH83 0.78 EL64· 1.56 KTI7(UK) 5.00 PCL85 0.70 · QY4-250 52.15 

E88C 3.10 ECH64 0.98 EL86 0.85 KT88(USA) 6.00 PCL86 0.75 QY4-400 80.85 

E88CC 2.60 ECL80 U8 EL90 0.82 KT88(UK) 11.541 PCL805 0.80 QY5-500 45.85 

E130L 13.00 ECL82 0.58 EL95 0.82 ME1400 4.0:1 PD510 2.85 RGI-125 3.56 

EJBOCC 4.00 ECL83 1.13 EL360 9.00 ME1402 4.50 PFL200 1.13 RGI-240A 11.75 

EIBOF 5.65 ECL64 0.74 ELB21 8.25 MU14 1.40 PL360 0.98 RG3·250A 11.75 

El82CC 4.56 ECL85 0.74 ELB22 8.25 N78 8.80 PLBIA 0.74 STV280/40 8.00 

E810F 8.25 ECL86 0.74 EM80 0.70 OA2 0.78 PL64 0.65 STV280/80 %3.00 

EABC80 0.58 EF37A 3.00 EM64 0.65 OB2 0.80 PL500 1.12 TY2·125A 30.00 

EAFBOl 1.40 EF39 2.00 EMM803 2.25 PC86 0.80 PL504 1.13 TY3-250A 28.00 

EB91 0.52 EF50 1.50 EN32 8.56 PC88 0.80 PL508 1.48 TY4·500A 41.56 

EBC41 0.85 EFBO 0.48 EN91 uo PC92 0.85 PL509 2.30 Ul9 11.85 

EBC81 0.85 EF85 0.48 EN92 2.55 PC97 0.85 Pl..519 2.80 U25 0.68 

EBC89 EF86 0.70 0.80 PCC64 0.48 "L802 2.56 UABCSO 0.65 

P&P 50p ON ALL ORDERS 
Many other types available . 
Please phone or send list for quotation 

PLEASE ADD VAT@ 15% Export & Trade Enquiries Welcome 

¥a ~deaf ~wnt 
Marshall's 
The new Marshall's 80/81 catalogue is now 
available. A veritable treasure house of 
components, test gear, tools, etc. 

Lots of old friends, but also many new 
products including Leader test gear, Crimson 
Hi F i Modules, Rechargeable N I Cad batteries 
and chargers (very competitive) . More 
components including SN74ALS series, new 
tools etc. 
·we are franchised distributors 
for Arrow Hart switches; 
Mullard; National; Siemens; 
Sinclair (Thandor); Texas; 
Thomson; CSF etc. 
Send for our latest catalogue. 
Free to industrial customers: 
75p post paid to private 
individuals. 
A. Marshall (London) Ltd., 
Kingsgate House, 
Kingsgate Place, 
London NW6. 4TA. 
Industrial Sales: 01-328 1009 
Mail Order: 01-624 8582 24 hr· service 
Retail branches: London: Glasgow: Bristol 

TIP41C 
TIP42C 
TIP47 
TIP2955 
TIP3055 
TIS91 
2N3054 
2N3055 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3708 
2N5294 
2N5296 

I. 

I ; 

MCI349 
MCI350 
MCI351 
MC1352 
ML231B 
ML232B 
SAS5605 
SAS5700 
SL901B 
SL917B 
SLI310 
SLI327Q 
SN76003N 
SN76013N 
SN76013ND 
SN76023N 
SN76033N 
SN7611N 
SN76131N 
SN76226N 
SN76227N 
SN76532N 

UCC85 ..• 
UCH41 1.20 
UCH42 1.28 
UCH81 0.70 
UCL82 0.70 
UF89 1.11 
UL64 0.78 
UY85 0.70 
VLS631 13.00 
VRJ05/30 1.35 
YLIOBO 28.00 
Z759 9.00 
Z803U 18.00 
ZCI040 8.00 
2AS15A 11.50 
2021 1.80 
2D21W 2.50 

4WA1T 

3AW2 3.35 
3Aii47J 7.50 
4CX250B 21.75 
5B/254M 11.50 
5B/ 255M IS.IO 7WA1T 
5R4GY 1.25 
5R4WGY 1.85 
5U4G 1.10 
5Z4G 0.10 
6AF4A 1.21 
6AW8 3.25 11 WAlT 
6BW6 4.10 
6CL6 1.56 

17WA1T 

TAA570 TBASOO BAI56 .' .. 1S 
TAA661B TBA990Q BAXI3 '1.14 
TAA700 TCA270Q BAX16 1.15 
TBAI20B TCA270SQ BB116B Ut 
TBA120S TCASOO BY126 1.10 
TBAI20SA TCA940 BYJ27 1.11 
TBA120SB TDA440 BY164 1.45 
TBAlZOSQ TDAI004A OA90 1.15 
TBAI20U TDAJ170 1N914 1.13 
TBA395 TDA1190 IN4001 O.M 
TBA396 TDA1327 JN4002 o.M 
TBA480Q TDA2030 IN4003 O.M 
TBA510 TDA2522 IN4004 U5 
TBA520Q TDA2532 IN4005 1.15 
TBA530 TDA2540 IN4006 1.15 
TBA530Q TDA2560 IN4007 ... 
TBA540 TDA2590 IN4148 1.12 
TBA540Q TDA2600 IN5401 1.12 
TBA550Q TDA2640 JN5402 0.14 

-i~=Q 
TDA2690 IN5403 0.12 

IN5406 0.13' 
IN5408 1.11 

· 4R7 5R6 6R8 tOR 22R 33R 47R 88R IOOR 150R 220R 
330R470R IK IK51K8 1.13 

us 
' ... 17 

1.22 

2K2 2K7 3K3 3K9 
4K75K66K8 
!OK 
R47 R68 1.12 
IR JR5 2R2 3R3 4R7 6R8 lOR 15R 22R 33R 47R 56R 
68R JOOR 220R 330R 560R lK 1K5 IK8 2K2 2K7 3K3 
4K7 8.14 
5K6 6K8 8K2 lOK 12K US 
15K22K 1.18 
IR IRS 2R2 3R3 4R7 5R6 6R8 lOR 15R 22R 33R 47R 
68R IOOR JSOR 220R 470R 680R I K 2K2 3K34K7 0.17 
6K8i0 
!OK 0.18 
15K 0.21 
IR IR5 2R2 3R3 4R7 6R8 lOR 15R 22R 33R 47R 68R 
IOOR 150R 220R 470R 680R lK 3K3 4K7 6K8 !OK 0.24 
15K 22K e.z~ 

10.0R 10k 100k 
110R 1k1 11k 110k 

METALFILM RESISTORS 
. 1% Tolerance, 1{4 Watt 

120R 1 k2 1 2~ 120k 
130R 1k3 13k 130k 
1 50R 1 k 5 1 5k 1 50k 
1 60R 1 k6 1 6k 160k 
180R 1k8 18k 180k 

ONLY 3P EACH 
Minimum order £5 

Minimum 5 pes per value 
sg Values (E24) 

200R 2k 20k 200k 
220R 2k2 22k 2 20k 
240R 2k4 24k 240k 
270R 2k7 27k 270k 
~OQR 3k 30k 
330R 3k3 33k 330k 
360R 3k6 36k 
390R 3k9 39k . 
430R 4k3 43k 
470R 4k7 47k 470k 
510R 5k1 51 k 
560R 5k6 56k 560k 
620R 6k 2 62k 
680R 6k8 68k . 680k 
750R 7k5 75k 
820R 8k2 82k 820k 
910R 9k1 91k 1M 

Special Off~r :" 5 PCS on"AtH. (4<H)"'R'E'SlS-
TORS) ONLY £·1 2.50. . 
High Quality High Stability, High Strength. 
VAT inclusive . Add £1 .00 p&p all areas . 

ORION SCIENTIFIC PRODUCTS LTD. 
10 Wardour London W 1 

TV TUBE REBUILDING · 
Faircrest Engineering Ltd ., manufacture a comprehensive 
range of equipment for processing all types of picture tubes, 
colour and mono. 'Sta.ndard· or ~ustom built units for estah~ 
lished or new businesses. We export world-wide and have an 
,excellent spares service backed by a strong technical team. 

Full training. courses are individually tailored to customers' 
requirements·. 

For.full details of our service conta-ct Neil Jupp 

FAIRCREST ENGINEERING l TO. 
. Willis Rocld~ Croydon, 1 CR02XX .. 

,01-6841422,01-689 8741 

WW -053 FOR FURTHER DETAILS 

WIREL§.~~- WORLD DECEMBER 1980 
1SOp 

6A 50V 
4020 1 SERlE$ 745 SERIES 

40290 250p 74500 
7401 
7402 
7403 
7404 

' 7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 

. 74C14 
,7416 
7417 
7420 
7421 
7422 
7423 
7425 

. 7426 
7427 

: 7428 
7430 
7432 

. 7433 
7437 
7438 
7440 
7441 
7442A 
7443 
7444 
7445 
7446A 
7447A 
7448 
7450 

·7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483a 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7~97 
74100 
74 107 
74 109 

. 74116 
74118 

• 74119 
74120 
74121 
74122 
74123 
74125 
74 126 
74128 
74132 
74136 
74137 
.74141 
74142 
74145 
74147 

· 74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 

• 74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 

"174192 
74193 
74194 
741 95 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74278 
74279 
74283 
74284 
74285 

60p 
12p 
12p 
14p 
14p 
1Bp 
36p 
36p 
17p 
19p 
15p 
24p 
20p 
30p 
40p 
90p 
27p 
27p 
17p 
40p 
22p 
34p 
30p 
40p 

~' 
17p 
30p 
40p 
3Sp 
35p 
17p 
70p 
60p 

112p 
112p 
lOOp 

93p 
7Sp 
SOp 
17p 
17p 
17p 
17p 
17p 
36p 
30p 
34p 
30p 
3Bp 
32p 
SOp 

lOOp 
84p 
90p 

lOOp 
110p 

34p 
210p 

30p 
SOp 
46p 
36p 
84p 
70p 
6Sp 

lSOp 
130p 
34p 
55p 

200p 
130p 
210p 
110p 

34p 
48p 
60p 
7Sp 
60p 
75p 
7Sp 
75p 
SOp 
50p 

200p 
90p 

190p 
150p 
130p 

70p 
70p 

120p 
90p 
90p 
70p 

190p 
100p 
lOOp ' 
100p 
lOOp 
120p 
130p 
120p 
200p 
240p 
4S0p 
120p 

90p 
85p 
90p 
90p 

160p 
93p 

160p 
90p 

lSOp 
150p 
SOOp 
325p 
120p 
120p 
100p 
lOOp 
120p 

9Sp 
95p ' 
SOp 

150p 
150p 
160p 
140p 
250p 
290p 
110p 
140p 
360p 
360p 

74293 1S0p 
74298 200p 
74365 lOOp 
74366 lOOp 
74367 lOOp 
74368 lOOp 
74390 200p 
74393 200p 
74490 225p 
74LS SERIES 
74LSOO 14p 
74LS02 16p 
74LS03 18p 
74LS04 16p 

. 74LS05 25p 
74LS08 22p 
74LS09 21p 
74LS 10 20p 
74LS11 40p 
74LS13 40p 
74LS14 50p 
74LS20 20p 
74LS21 40p 
74LS27 3Bp 
74LS30 20p 
74LS32 27p 
74LS37 30p 
74LS38 38p 
74LS42 70p 
74LS47 . 75p 
74LS51 24p 
74LS55 30p 
74LS73 SOp 
74LS74 27p 
74LS75 36p 
74LS76 45p 
74LS83 70p 
74LS85 BOp 
74LS86 40p 
74LS90 40p 
74LS92 70p 
74LS93 60p 
74LS96 110p 
74LS107 45p 
74LS109 BOp 
74LS112 40p 
74LS113 90p 
74 LS1 14 45p 
74LS122 BOp 
74LS 123 60p 
74LS 124 lBOp 
74LS125 SOp 
74LS126 SOp 
74LS132 60p 
74LS133 30p 
74LS136 SSp 
74LS138 65p 
74LS139 75p 
74LS145 120p 
74LS1~7 220p 
74LS148 175p . 
74LS151 BOp 
74LS 153 60p 
74LS154 200p 
74LS155 BOp 
74LS156 90p 
74LS157 60p 
74LS158 60p 
74LS160 90p 
74LS161 75p 
74LS 162 140p 
74LS163 lOOp 
74LS164 90p 
74LS165 140p 

. 74LS166 lBOp 
74LS173 110p 
74LS 174 lOOp 
74LS 175 lOOp 
74LS181 320p 
74LS 190 lOOp 
74LS191 lOOp 
74 LS 192 lOOp 
74LS193 'lOOp 
74LS 195 140p 
74LS 196 120p 
74LS197 90p 
74LS221 120p 
74LS240 175p 
74 LS241 17Sp 
74LS242 170p 
74LS243 170p 
74LS244 150p 
74LS245 ZSOp 
74LS247 140p 
74LS251 140p 
74LS253 90p 
74LS257 90p 
74LS258 160p 
?4LS259 160p 
74LS266 lOOp 
74LS273 170p 
74LS279 90p 
74LS283 90p 
74LS298 160p 
74LS323 400p 
74LS324 200p 
74LS348 200p 
74LS365 48p 
74LS367 70p 
74LS368 lOOp 
74LS373 150p 
74LS374 150p 
74LS375 120p 
74LS377 160p 
74LS378 140p 
74LS390 120p 
74LS393 120p 
74LS399 200p 
74LS445 140p 
74LS670 400p 
4000 SERIES 
4000 15p 
4001 22p . 
4002 20p 
4006 95p 
4007 20p 
4008 BOp 
4009 40p 
4010 50p 
4011 .:l)p 
4012 25p 
4013 SOp 
4014 84p 
4015 84p 
4016 45p 
4017 70p 
4018 89p 
40 19 45p 

VAT RATE: Please add VAT at 
1 5!'o on total order value 
Access and Barclaycard accepted 
Please send SAE for list 

Please adu 30p p& p & VAT 

ZSOp 
300p 
370p 
320p 
350p 
325p . 
325p 
325p . 
300p 
175p 
290p 
POA 
125p 
325p 
300p 
300p 
300p 
300p 
lOOp 
300p 
310p 
300p 
3S0p 
350p 
300p 
350p 
390p 
3SOp 
325p 
350p 
300p 
400p 
3S0p 

2114L (450ns) 
2708 (450ns) 
2708 (650ns) 
27 16(+5V) 
4116 (200ns) 

* 

6A 100V 100p 
6A 400V 120p · 40360 40p 

40361 / 2 75p 
40364 120p 
40408 90p 

10A 400V 200p 
25A 400V_ 400p ; 

8 pin 9p 
14 pin lOp 
16 pin 11p 

40409 
40410 
4041 1 
40594 
40595 
40673 
40841 
40871 2 

DIODES 
BY 1?7 
BYX3o-300 
OA47 
OA 8 1 
OA85 
OA90 
OA91 
0A95 
OA200 
OA202 
1N914 
1 N916 
1N4148 
1 N4001 12 
1 N4003 / 4 
1 N4005 
1 N4006 ! 7 
1 N5401 13 
1 N5404 17 
!S920 

' 18 pin 16p 
20 pin 20p 
22 pin_ 22p 

lOOp 
lOOp 
300p 
120p 
120p 

75p 
90p 

lOOp 

12p 
20p 

9p 
15p 
15p 

9p 
9p 
9p 
9p 

lOp 
.4il 

7p 
4p 
Sp 
6p 
6p 
7p 

14p 

ZENERS 
2 7V-33V 
400mW 
1W 

TfiiACS 
PLASTIC 
.3A 400V 
6A 400V 
6A 500V 
8A 400V 
8A 500V 
12A 400V 
12A 500V 
16A 400V 
16A 500V 
T2800D 

19p l 
9p 

2 ~ pin 
78 n1n 
40pm 

24!1 
lOp 
40p 

9p 
15p· 

6pP 
70p 
B8p 
7Sp 
95p ' 
BSp 

10Sp 
110p 
130p 
130p 

WIRE WRAP SOCKETS BY 
8 p1n 25p 1.8 f>i; 

14 p1n 35p , 20 p•n 
16 pin 40p 22 pin 

·sOp 
60p 
6Sp 

24 Pin 
28 pin 
40 pin 

70p , .... 

BOp 
lOOp 

SWITCHES 
Toggle 
SPST 60p 
SPOT 65p 
DPDT 70p 
DPOT (centre off \ 85p 
Push to make 15p 
Breek 25p 
Push latching SPCO 

60p 
18p 
28p 

ANTE~ SOLDERING 
IRONS 
C-15W 
CX-1 7W 
CCN -15W 
X25 

SPARE BITS 
c ex · ccN 
'X /~ 

SPARE ELEMENTS 
c ·cx : x25 
CCN 

SLIDE DPDT 
ROCKER SPST 
WAFER 
1P ' 12VV 

ACCOLA IRONS 
45p K 100(1 
4Sp ' · K2000 3P 4W 

'4!''1\:.0 
?P 6\'V 

45p 
4Sp VEROBOAR 

DI P Bre~dboa r 

415p 
425p 
425p 
440p 

SOp 
SOp 

lSOp 
200p 

550p 
5SOp 

~~~fHES 90p ~~i{a~le6t~r 520 x 14 p in or JZSp 
BwaySPST 120p 16Y16p1nDILICs\DIP !--........,..-----· Brecutboard as above w ith tracks 

fo r 31 wwconnector : 375p TRANSFORMERS 
(pnm 220 1240V) 
fi -0-6 100rPA SOp 

~N~ t~~;:rf~~~~i~~~s 130p 

9-0· 9 75rPA 9Sp 
9 -0-9 1A"'r 330p 
0 -12V2A 410p 
1 5-0 1 5 1 A 325p 

CONNECTOR PLUGS 
31 wny Plug 
31 w ?Jy Socket 
5· 1 00 Busboar 

EDGEBOARD CONNECTORS 0.156" PITCH 

120p 
120p 

1500p 

, 2 K 10w"y . SSp 2, 22w"y 135p' 
~: ~~:~ ~~ 2 K 25wey 160p 

COUNTERS 
TTL& ECL 74C925 550p 

74C928 600p 
MC4024 3Z5p 

ICM72168 2000p MC4044 325p 

ICM7217A 850p 10116 70p 

ZN1040E 700p 10231 350p 

* SPECIAL OFFERS 
£2.25 • 7805/7812 , 
~~:: 7905/7912 

£5/10 . 
£6/10 

E6.00 (Above prices for one va lue) 
£2.7!1 P&P and VAT extra 

VEROBOARDS 
0 1 

IC TEST CLIPS 
14 pin £2,80 2 5x:l 75" 

2 5Y5" 

lcopper dad) 
65p ' 
75p 
75p 
80p 

Pkt of 1 00 !'}ins 
Spot face cuner 
Pin insertiOn tool 
Vero Wiring Pen 
"'- 2 wire spools 
-+-- corrbs 
CorT'bs 

SOp 
120p 
118p . 

16 pin £2.75 
24 pin £4.80 
40 p in £7.90 

3 75Y3 75" 
3 75Y 5" 
3 75X 17" 
4 75Y 17 9" 

340p 
450p 

370p 
7p~ 

We carry a large stock of 74 an·d 7 4LS TTL CMOS L' · ex-stock deliveries . We welcome inquirie~ for v I' •nears, MemorbiOS, etc. and "can normally offer" buyers. o ume quantities oth from local and overseas 

TECH NOMA TIC LTD. 
Government , Colleges. etc Orders accepted 17 BURNLEY ROAD, LONDON NW10 

'(2 minutes Dollis Hill tube station) (ample street parking) CALLERS WELCOME ~~;d:~ 1~ 33~ ~ 32~ Tel: 01-452 1500/01-450 6597 Telex: 92280 

www.americanradiohistory.com

www.americanradiohistory.com


We use advanced winding technology to make our toroidal transformers. They have only half the weight and height of their laminated equivalents and are ·appreciably more efficient. Our toro1dals cost virtually the same as the older types which they are rapidly replacing. Induced hum is reduced by a factor of ten. Supplied with rig1d ~ounting kit with centre bolt. steel and neoprene washers . 

30u 70mm dia . x 30mm £4.11 160 JJOmm dia. x40mm £8 88 Weight 0.45 Kg VA Weight I .8 Kg • ( +£1.00p.p. +0.86 VA7) ( +£1.40 p.p. +£1.54 VA7) 
SECONDARY · SECONDARY TYPE SECONDARY SECONDARY TYPE RMSCURRENT RMSVOLTS RMSCURRENT 
RMSVOLTS 

lXOlO 6+6 2.50 5X012 12+ 12 6.66 IXOll 9+9 1.66 5XOI3 15+ 15 5.33 IXOI2 12+ 12 1.25 5X014 18+ 18 4.44 IXOI3 15+ 15 1.00 5X015 22+22 3.63 IX014 18+ 18 0.83 5X016 25+25 3.20 lXOI5 22+22 068 5X017 30+30 2.66 1X016 25+25 0.60 5X018 35 +35 2.28 1XOI7 30+30 0.50 5X028 110 1.45 5X029 220 0.72 SOu BOmm dia. x 35mm £5.19 5X030 240 0.66 Weight0.9Kg 
(+£1./0p.p. +0.94 VAT) ZZ5 JJOmm dia. x45mm £10.59 6+-6 4.16 VA Weight 2.2 Kg 2X010 

(+£1.50p.p. +£1.81 VA7) 
2X0ll 9+9 2.77 2XOI2 12 + 12 2.08 

6X014 18+ 18 6.25 2X013 15+ 15 1.66 
6X015 22+22 5.11 2X014 18+ 18 1.38 
6X016 25+25 4.50 2X015 22 +22 1.13 
6X017 30+30 3.75 2X016 25+25 1.00 
6X018 35+35 3.21 2X017 30+30 0.83 
6X026 40+40 2.81 2X02B 110 0.45 
6X028 110 2.04 2X029 220 0.22 
6X029 220 1.02 2X030 240 0.20 
6X030 240 0.93 

SOu 90mm dia. x 30mm £5.16 Weight I Kg 300 J JOmm dia. x 50mm £1Z.Z1 (+£1.20p.p. +£1.04 VAT) VA Weight 2.6 Kg 
3X010 6+6 6.64 ( +£i.60pp. +£2.08 VAT) 3X011 9+9 4.44 7X016 25+25 6.00 3X012 12+ 12 3.33 7X017 30+30 5.00 3X013 15+ 15 2.66 7X018 35+35 4.28 3X014 18+ 18 2.22 7X026 40+40 3.75 3X015 22+22 1.81 7X025 45+45 3.33 3X016 25+25 1.60 7X02B 110 2.12 3X017 30+30 1.33 7X029 220 1.36 3X028 -110 0.72 7X030 240 1.25 3X029 220 0.36 
3X030 240 0.33 500 /40mmdia x60mm £16 35 lZO 90mm dia. x 40mm £6.1Z VA WeJght4Kg • VA Weight 1.2 Kg (£1.70p.p +£2.71 VAT) (+£1.30p.p. +£1.20 VAT) 

8X017 30+30 8.33 4X011 9+9 6.66 8X018 35+35 7.14 4X012 12 + 12 5.00 8X026 40+40 6.25 4XOI3 15+ 15 4.00 8X025 45 +45 5.55 4X014 18+ 18 3.33 8X033 50+50 - 5.00 4X015 22+22 2.72 8X028 110 4.54 4X016 25+25 2.40 8X029 220 2.27 30+30 2.00 8X030 240 2.08 
4XOI7 
4X028 110 1.09 • I.L.P. TOROIDAL TRANSFORMERS 

220 0.54 4X029 
AREGUARANTEEDFOR5YEARS 

4X030 240 0.50 

CHOICE OF 3 PRIMARY INPUTS 
J.L.P. Toroidal Transformers are available in choice of 1/0V, 220V. 240V. coded as follows: (Secondaries can be connected in series or paraJJel) · For l!OV Primary insert 0 in place of "X" in type number. For 220V Pnmary (Europe) msert l in place of "X" m type number. For 240V Primary (U.K .) insert 2 in place of "X" m type number. Example - 120VA Z40V 15+ 15V. 4A ~ 4201;J. * CUSTOMER DESIGN ENQUIRIES INVITED. QUANTITY PRIC£ LIST AVAILABLE. 
FREEPOST facility.(U .K. only). ·Simply address envelope to FREEPPST to address below. NO STAMP REQUIRED. TO ORDER Enclose cheque/Postal Order/Money Order payable toIL 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. 

f.\ ····F;:~~:;~;::••BALLs ~.L A dms10n of I.L.P. ELECTRONICS LTD. FREEPOST T5 GRAHAM BELL HOUSE ROPER CLOSE CANTERBURY CT2 7EP Phone (0227) 54778 Technical (0227) 64723 Telex 965 780 

WIRELESS WORLD DECEMBER 1980 

.PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

U.h .f.televisiontuner-Oct. 1975-1 d.s. £8~50 Stripline r.f. power amp-Sept. 197 5-1 d .s . £5.00 · Audio compressor/limiter-Dec. 1975-1 s .s . (stereo) £4.25 · F.m.tuner(advanced)-April1976-1 s.s. . ... . .. . . £5.00' Cassette recorder-May 1976-1 s.s. . . . . . . . . £5.00 Audio compander-July 1976-1 s.s . . . . £4.25 :, Time code clock-August 1976-2 s .s. 3 d.s . £15.00 Date, alarm, b.s .t. switch-June 1977-2 d.s . 1 s.s. £9:50 Audio preamplifier-November 1976-2 s.s . £8.50 · Additional circuits-October 197 7-1 s .s . . . . . . . . . . . . . . . . £4.00 Stereocoder-April1977-1 d.s . 2s.s . 
£8.50 · .. Morse keyboard and memory-January 1977-2 d.s. (logic board 1 0'!4in. x 5in.) (keyboard and matrix 13in. x 1 Oin.) £14.00 Low distortion disc amplifier (stereo)-September 1977-1 s.s. . . £2.00 · Low distortion audio oscillator-September 1977-1 s .s . £3.50 Synthesized f.m . transceiver-November 1977-2 d .s . 1 s.s. £12.00 : Morsemaker-June 1978-1 d .s . 
£4.50 Metal detector-J uly 1978-1 d .s . 
£3.75 Oscilloscope waveform store - October 19 78-4 d.s. £18.00 · Regulatorfor car alternator-August 1978-1 s .s. . . . . . . . . . £2.00 Wideband noise reducer-November 1978-1 d.s . £5.00 Versatile noise generator-January 1 9 79-1 . s.s . . . . . . . . . . £5.00 · 200MHz frequency meter-January 1979-1 d.s . £7.00 High performance preamplifier-February 197 9-1 s .s. £5.50 Distortion meter and oscillator-July 1979-2 s.s . £5.50 . Moving coil preamplifier-August 1979-1 s.s. £3.50 Multi-mode transceiver- October 1979-10 d.s. £35.00 : Amplification system-October 1979-3 preamp 1 poweramp . (£4.20 each) £16.00 Digital capacitance meter-April 1980-2 s.s. . . .£7.50 Colourgraphicssystem-April1980-1 d.s. . .. .. . . ..... £18.50 Audio spectrum analyser-May 1 980-3 s .s . £10.50 Multi-section equalizer-June 1980-2 s.s. £8.00 · Floating-bridge power amp- Oct. 1 H8U- 1 s.s. (1 '2V or 40V) ... . £4.00 . 

Boards are gla~sfibre, roller-tinned and drilled. Prices include . V.A.T. and U .K. postage. · · · Airmail add 20%, Europe add 10%, Insurance 10%. 
Remittance with order to: rn. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 

WW- 086 FOR FURTHER DETAILS 

ONE OF THE MOST USEFUL TOOLS YOU CAN HAVE 

Low Distortion (.002% at 
1Khz) 
AUDIO SIGNAL 
GENERATOR 
Range 1OHz-1OOkHz 
Output 1 v rms into 600 ohms. 
Sine I Square signals . 
Fixed and variable attenuation . 
Battery or mains. 
Based on a John Linsley Hood 
design . £36 (Batty.) + U.K. Tax £5.40. Mains version £46 (+U.K. Tax £6.90). (Kitof.,.U £31 +tax £4.65); p.p. £2. TELERADIO ELECTRONICS 325 Fore Street, Edmonton, London N9 OPE. 01-807 3719 Closed Thursdays. Lists sent on request . Also R.F. & Function Generators. T.H.D. Ana.lyser & Millivoltmeter. SWR and Frequency Meters 

WW- 037 FOR FURTHER DETAILS 
OHIO SCIENTIFIC Superboard 2. Assembled 50Hz model £111.00 + 15% VAT, post tree Colourboard 2 (the new colour version of Superboard 2), £216 + 15% VAT . 

iC ~:.~~~~;~~ ~~~h 8~u~~r~~~~~:~ Jt i' price shown first. Also sold separately .at the * • bracketed prices. Add 15% VAT. Modulator * 
• :a~ ~(£s~Xtbi~i~~::!.~~~;~~"4~i.~·~;; . * -4r lines X 54 characters approx ., £11 (£20) . * • f:1fv ~.~t~~d '1~ar (~0~S)'si~~s~~~:~ * . • recorder £13 (£15) . Super Print BOOMST * • ~~eor(t,':~ . (£359) . 61 o expansion board lt 
SINClAIR I'RODUCTI. New 1OM Hz scope £141. ~~~~?or£~t1 £~h~a.s~i~~~~.~~na~v8~S, !:~:t~; [I.A. pdm35 £34.23. adaptor £4.20, case £2.07. dm350 £7e.7o. dm450 £102.17, dm235 £11.11, rechargeable batts £1. adaptor £4.2~, case £1. Enterprise prog . calculator + accessones £11.11. TG 105£87. Bench frequency counter £110. COMPUTER GAMES. Chess Champion 6 £41.15. Chess Challenger 7 £71. New Sensory Chess Challenger 8 £1 11. Atari Videocomputer E12e, cartridges £14-e&. COMPONENTS. 1N4148 O.lp. 1N4002 3.7p. 741 ZOp. bc182, bc1B4. tx:212. bc214. bc548 1.1p. Resistors, 14W 5% E1 2 tOR to 10M 1.5p. O.lpfor 50+ of one value . 16V electrolytics .5, 1, 2 , 5, 10. 22mtlp.100ml7p. 1000mf11p. 1 lbFeC1 £1 .10. Oalo pan lOp. 40 sq ins pcb lOp. Poly· 

styrene capacitors E1 2 63V 10to 1000pf ... 1n2 to 1 On lip. Ceramic capacitors 50V E6 22pl to 4 7n 2.11p. Zeners 400mW E24 2v7 to 33v 7p. TV GAMEl. AY·3·8550 + k1t £tl.21. AY·3·8600 + kit £12 ••. Stunt cycle chip + ~it £20.11. Colour generator ki1 d. H. TRAIIIFOIIMEIII. 6·0-6V 100ma lip. I Y,a £3.11. 9-0-9V 75ma Mp. Ia £2.11. 2a £4.73 • 1 2·0-1 2V 1 OOma £1.ZO. 1 a £3.10. IC AUDIO AMPS with pcb. JC12 6W £2.10. JC20 IOW£3.14. 
BATTERY ELIMIIIATOIII. 3·way typo 6/7 1h/9v 300ma DAI. 1 OOma radto type with press-studs 9v JA.77. 9 + 9v £J.H. Car convertor 1 2v in put, output 4V2/6/7V2 /9v 800ma £3.04.. BATTERY ELIMIIIIATOR KITS. 1 OOma radio types with press--studs 4Vzv £1.M, 6v £1.M, 9v £1.14. 4'h + 4V.v £2.30, 6+6v £2.30, 9+9v £2.30. Stabilized B·way types 3!4V>i6!7'h ! 9 / . 12/15/IBv 100ma £3.12, lAmp £7.10. ' Stabilized power kits 2· 1 Bv I OOma £3.12. 1 ·30v 1 A £1.10, 1·30v 2A £14.12. 1 2v ca r convertor 617V>19v lA £1.12. T-D£C AIID CSC IIIEADBOARDI. S·dec £3.71. T·dec JA.II. exp4B £2.14. exp300 £1.11, exp350 £3.12, exp325 £1.14. 11-PAK AUDIO MODULES. s450 £27.10, AL60 £11.12. pa 100 £11.24. spmBD £1.21. bmtBO £1.M. stereo 30 £23.14, AL30A £4.13. SWANLEY ELECTRONICS Dept. WW, 32 Gold_. Rd. lw.,.-,, K-t. Post 3Sp extra . Prices include VAT unless suued. Official and overseas orders welcome. Lists 27p post free . Mail order only 

WIRELESS WORLD DECEMBER 1980 

are sending signals. If you're receiving, this standard guide will tell you who's where. It lists stations broadcasting in the long, medium, short wave and vhf bands, dealing with them by frequency, geographical location and alphabetical order. Sections are helpfully cross refer.enced. The Wireless World Guide to Broadcasting Stations is the eighteenth edition of a · publication which has sold over 270,000 copies. In addition to the stations data, it includes much useful information on radio receivers, aerials, propagation, signal identification and reception reports. 

wireless world 
GUIDE TO BROADCASTING STATIONS 18th Edition 

£3.25 inc. postage. 

To: General Sales Dept., Room 205, Quadrant House, . The Quadrant, Sutton, Surrey SM2 5AS. · 
Please send me .. ..... copy/ies of the Wireless World Guide to Broadcasting Stations (18th edition) (u £3.25 a copy inclusive (UK.). $8 overseas, remittance enclosed . Cheque/ PO. payable to IPC Business Press Ltd ., 

~~.(P.\~a~~.P.~if]~) . 
ADDRESS 
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DC/DC AND DC/AC 
, CONVERTERS 

The table below shows our standard range. Please contact us for your other requirements. 

Type Input Output 
Volt DC Max. current 

692 6 12 2A 
707 6 12 3A 
712 24 12 2A 
744 24 12 5A 
7411 24 12 6A 
7413/24 24 12 8A 
7413/48 48 12 3A 
7413 48 24 3A 
7508 12/24/48 12/24 8A 

80/120 

a = primary/secondary with galvanic separation. 
b = stabilized output voltage. d = switch mode. 

DC/AC converter type 7804: Input 12V DC, output 220V AC, 90 VA, 120Hz 

We also supply: 

d 
d 
b 
b 
b 

bd 
bd 
bd 

abd 

* power supply units from 220 V AC . mains operation, with output voltages up to 42V DC and load current from 50 rnA DC to 10A DC. * chargers for nickel cadmium and lead batteries. 

Ask for our catalogue 

IIZQ,I£C:IP t 
Tlf. 032/11 200 Telex: 17516 1601 Fredrikstad NORWAY 

WW -117 FOR FURTHER DETAILS 
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www.americanradiohistory.com

www.americanradiohistory.com
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Happy 
Men~ories 

4116 200ns 
2114 200ns 
2708 450ns 

£2.95 
£3.45 
£4.75 

2114 450ns 
2716 5 volt 

£2.95 
£7.95 

MEMOREX mini discs soft sectored- with FREE 
library case £19.95 per ten. 

WE'VE 
MOVED!! 

All prices include VAT 
30p postage on orders below £1 0 

Access & Barclaycard 

All orders to: 
Dept. ww . 

HAPPY MEMORIES 
Gladestrv 
Kington 

Herefordshire HR5 JNV 

Tel. (054422) 618 

range 
VHF and UHF amateur aerials.
send SAE for list and spec•al 
prices. 

and transverters fot' 
2m and 70cm - send SAE for 

.illustrated leaflet and price list. 

ALL ABOVE pRICES INCLUD~ VAT. 
EASY TERMS available. W'itten quotattons on 'equest. 

Access and Ba,clayca,ds welcome. 

- (Dept. 22), COMMUNICATIONS HOUSE CATRONICS LTD. 20WALLINGTON SQUARE 
WALLINGTON, SURREY SM6 BRG 

Phone: 01·669 6700. Mon.-Fri. 9 a.m.·5.30 p.m. Sats. 1 p.m. 
WW - 049 FOR FURTHER DETAILS 
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IJIII~llliiJIIIJIIIIIIJIIIJII .. liiiiiLllllltiLLIIIIII_ . :piiTELEPRINTER TYPE 78: Pageprinter 24v d.c. power supply. Speed 50 baudsp::nr:;;~~ 

.
~ S/hand good cond. (no parts broken, £28.75. OR GPO MODEL, as a~ove e::t{;efe rioter 110/?.30V d.c. £34.50, Carriage either type £9.50. Send SAE for hst of Te P. . 

. ;."~~~v~~~WRJTER with Perforator. 23QV a. c. Excellent cond. £86.25_ e~. Can_-. 
- £10. . . .. : • RADAR ECHO BOX TS.488A X-band. £65. Carr. £5. . c meter and. = "TS.l47 RADAR TEST SET Combin!ltion Slg. generator and frequen Y . . . 

~ 
power meter. Provides C.~ . &; F.M. signals. ll605\8'Ba .cF£225.l~~J~o~Hz Cj)/. & A.M . . HEWLETT PACKARD S1gnal Generator HP · req. Out ut !microvolt to SV, 50 . Mod. 400-1000Hz. 230',/ a,c: ~~.<::~rr. £10. - ,, A tho TRANSFORMER: ·230/ 115v 50 c/s 1000 wat.ts. Mounted m strong steel case 5 = 1'"1 x BW' x 7" Bitumen impregnated. £17.25 + carnage. . "d "tch ~ Jill TRANSISTORlSED 3cm RADAR AMPLIFIER SWITCH: w1th 24v wavegUl e sw1 • § a iN~:~~~~~i~E~1s~~;~-~~5ioa~t~~:a~i~ ~~~~~~~f:~·i~nts!Jib~slmplifier, ;; a ~og!i{? ~~~Qti~~S~~T~~- i25-20,000~c/s complete with original calibration , ... 

: ~~.fti~\~+E~~~R TYPE PE-218E: Input ~4-28v. DC 80 amps, 4,B00rpm. Output 
Jill llOv AC 13 amp 400c/s, 1PH. P.F.9. £2~+ carr. ... . . .. . = .RESONATOifPERFORMANCE t.Tc· 424 8.5 to 9.0 kmc/s 3 em £80.50 + post £2. . ~'"~ INVERTER 24v. DC input 400 cycles I pH 6600 r .p .m. 200v. peak. £8.05 + £2 po~t. = OXYGEN BOTTLE 1B00lb. w .p. £11.50 +carr. . = NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal po1se 
'"I 15.5dB 200/250v.AC £80.50. 
11111 HS33 HEADSET. Low imp. £5.35 + 75p post. • = MUIRHEAD DECADE OSCILLATOR TYPE 890D: £92 + carr. £5. ·a· : SIEMENS POWER METER REL3U/84/Alb: 0-12kmHz lmw 500mw 6ranges. 0.17dB : . 
: 5C0V0~5~~-J!ZT~J::~·RA y TUBE: (09D, 09G), 4" screen, green electrostatic base Bl2B. 
- . 0 . = ;j :lli:~ ~~·E~~~~~ 4;~~~~~1 TYP. E X44. 3 Mk.D: Suitable for detecting signals on = I ;; X, K, J imd Q bands. 9g Hz-60g Hz. Complete with wavegu1de horns, associated = = crystals. Transistorised amplifier and geared.motor,Tetc. £14~.~5. "th 2 X 4" gauges . a VACUUM & PRESSURE DEAL TEST EQUIPMEN : comp e e WI e indicating 0.20lbs p .s.i. 0-30lbs vacuum. With stand, hand pump, etc. £34.50 + carr. .. = BARGAIN MAPS § 5 Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. • ·= including: -~ • ONC-E I ·- U.K.In full and part N.W. Europe . Scale 1:1,000,000. 
11111 JNC-9N - N. Europe, U.K. , Scandinavia. Scale 1:2,000,000. C: JN-21N- Europe (Mediterranean). Scale 1:2,000,000. . : SIZE 58" x 42". colour. Many others. Please send SA. E. for list. !!!! 
IIIII Price each 75p (inc. P&P) ~ E 25 x Maps (either same type OR assorted), £10 + _£1.60 P&P. $ S 1o x Maps (either same type OR assorted), £6.50 (m. P&P). 

5 

+VAT £5. 
N~~::::;~~:.~~n!WIRES. Made to big~ and Standud. Tbemodern ~·Y 
of Instant Z-way COIIIII!UDICitlODI. Ju&l plug IRIO 
power aockel Rudy lor use. Crystal clear com· 
munlntiona from room to roo11. Range % mile oa tbe 
same mains pblse wllb call buzzer and llgbt 
indicator. OIHIH swlfch. Volume co1trol. Unlul n 
int.--olflcalntercoli betweea afllce aad warehouse. 
In all'gery 1nd in llomes. betweea bouse nd ganga. 
Also useful 11 burglu alarm. 6 montbs" service. 
guarantee. P&P t1.85. Alao F.M. 2:-chann~l 111odel 

,[49.95 +VAT £7.50 + P&P £1 .95 per pa1r. 

10 days' .price refund guarantee. · 

WEST LONDON 
169 KENSINGTON 

New improved battery operated T elepbonil Anipilller 
1111111 detacbed plug-in speaker. Placing tile receiver 
on 11 the cndle actlnte.s on/oil awilcb lor 
immedllle twii-Wiy coavenitlon without tioldlag tile 
haali-lll. MillY people can listeD II I Iiiii. lacrllll 
alllclency In ofllce. sbop, workshop. Perfect tor 
c:onlereliCI calla. leaves tile user"& baa~ tne to 1111ke 1111111. coasult Illes. No .. ,oldlna ..... save 
moniiJ 11d long-distance calla. VDI1111 c11trol. 
Model wi111 c:oaverntlon recordlag laclliUe&. PriCe £20.!1Q + VAT £3.15, post Mid packllg tor diller 
•* £1 .25. 

rclaycard and Access welcome. 

SUPPL'IES (WWF 
LONDON W8 8SN 

FOT.OLAK 
·pOSlTI\i"E LIGHT SEi\i"sr'rlVE AEROSOL LACQUER 

Enables YOU to p;oduce perfe.ct prirned circuits 10 minutes! . . f Method Spray cleaned board with lacquer. When dry, place pos1t1ve master o 1 required circuit on now sensitized surface. Expose to daylight, develop an~~~c~_., Any number of exact copies can of course be made from one master. I e_ Y\ 
used in industry for prototype work. d 1 I 16 .. Fibre-glass board. . 
FOTOLAK 
Developer 
Ferric Chloride 

Pre-coate 
£2.00 204mm x 114mm . .. . . .. £1 .50 

30p :204mm x 22_8mm £3.00 
.. SOp 408mm x 22.8mm £600. 

. 467mm x 305mm £9"00 • 

Plain Copper-clad Fibre-glass. ·single-sided : 
Approx. 3 . 18mm thick sq. ft . 
Approx. 2 .0Umm thick sq. ft. - £2 .00 Approx . 1 OOmmthick sq . ft .. _ .. _. . . ... . · £;1 50 
Clear"A~etate: ·sheet for making master, 260mm x 2?0mm 

Double-sided 
£1 .50 

£1.75 . 
Jlp 

Postage and packing 6Sp p~/o!der. VAT 15% on total . 
G. F. MILWARD ELECTRONIC COMPONENTS LIMITED · 

3G9. Alum Rock Road, Birmingham 88 3DR. Telephone: 021-327 2339 

WIRELESS WORLD DECEMBER 1980 

OC203 %.02 1.44· . 1.31 GEX86 1.73 OAZ206 1.15 OC204 2.88 AA119 1.12 ASZ15 1.44 BC172 t.l2 80135 Ut 8F259 U7 GEXMl Ul OAZ'JUT 1.15 OC205 2.88 AAY"JIJ U1 .ASZ16 1.44 BC173 1.14 50136 Ut 8F336 us GJ3M IM OC16 2.30 OC21J6 2.88 AAY32 1.48 ASZ17 1.44 BC117 1.17 80137 .... 8F337 us GM0376A U2 OC20 %.88 OC'll!1 %.12 AAZ13 1.21 ASZ21J 1.72 •BCI78 1.18 80138 1.48 8F:!38 Ul KSlOOA 1.52 OC22 2.88 OCP11 1.44 AAZ15 ... ASZ21 2.31 BC179 t.l8 80139 ..... 8FS21 4.55 MJE340 t.l2 OC23 3.18 ORP12 1.15 AAZ17 Ul AU113 1.18 BC182 D-13 80140 1.51 8FS28 2.31 MJE370 1.35 OC24 us R2008B 2.02 AC107 ... AUYlO 2.30 BC183 1.12 80144 z.se 8FS61 1.23 MJE37l 1.71 OC25 1.04 R2009 %.511 AC125 1.23 AUllO 1.18 BC184 U3 80181 1.28 8FS98 1.23 MJE520 ue OC26 1.04 R2010B 2.02 AC128 1.23 8Al45 1.15 BC212 us 80182 l.H 8FW10 1.74 M.JE521 0.63 OC28 %.341 TICH us AC127 1.23 BA1411 us BC213 U4 80237 1.48 8FW11 0.74 MJE2855 1.44 OC29 %.341 TIC2260 1.38 AC128 1.23 BA154 .... BC214 1.17 80238 1.113 8FX84 1.25 M.IE3055 ... .OC35 1.73 Tll.209 1.23 AC141 1.21 BA155 1.12 BC237 Ul 80Xl0 1.05 8FX85 1.21 MPF102 1.35 OC36 1.73 TIP29A 1.47 AC141K 1.41 BA156 u• BC238 1.14 80XJ2 2.30 8FX87 1.24 MPF103 us OC41 U2 Tl~A 1.411 AC142 1.23 BAW62 1.18 BC301 U8 BDY20 1.44 8FX88 1.24 MPFl<M 1.35 OC42 U8 TIP31A Ul AC142K 1.35 BAX13 1.87 BC303 1.38 80YOO 1.72 8FY50 Ul MPFIII5 us OC43 %.511 TIP32A 1.55 ACl'/6 1.23 BAX16 1.11 BC307 1.12 8Fl)5 1.21 8FY51 t.3G MPSA06 1.28 OC44 1.18 TIP33A 1.11 AC187 . us BC107 U4 BC3III 8.12 8FI52 1.21 ' 8FY52 1.30 MPSA56 0.31 OC45 1.63 TIP3tA 1.84 AC188 1.23 BC108 U4 .BC327 1.23 ~F153 0.23 8FY64 ... MPSUOl 1.41 OC71 1.63 TIP41A 0.72 ACYI7 1.18 BClOO us BC328 1.21 BFI54 0.21 8FYliO 1.44 MPSU06 1.55 OC72 1.63 TIP42A 0.81 ACY18 1.12 BC113 0.14 BC337 1.21 8Fl59 1.21 BSX19 1.24 MPSU56 1.541 ·OC73 1.15 TIP2955 0.77 ACY19 1.81 BC114 us BC338 1.21 BFlOO 1.18 BSX20 1.23 NE555 1.52 OC74 1.74 TlP3055 U4 ACY71J ... BC115 .... BCY30 1.15 BFI87 1.23 BSX21 1.23 NKT401 %.31 OC75 8.74 TIS43 1.52 ACY21 ... BC116 1.17 BCY31 1.15 BFI73 1.23 BT106 1.44 NKT403 1.11 "OC76 0.13 ZSI40 1.21 ACY39 1.72 BC117 1.21 BCY32 l.lS 8Fl17 1.28 BTY191-K'OR NKT404 1.11 OC77 1.38 ZS170 1.24 ADI49 ... BC118 e.u · , BCY33 1.14 8Fl78 U8 U7 OA5 Ul OC81 1.74 ZSI78 U2 AD Jill 1.52 BC125 1.18 BCY34 1.14 BF179 1.21 8U205 2.12 OA7 1.13 OC81Z 1.38 ZS271 1.21 AD162 1.5% BC126 1.23 BCY39 3.45 8Fl80 1.35 8U206 2.51 ·OAlO 1.74 OC82 1.74 ZS278 0.15 AF108 1.52 BC135 .... BCY40 l. lS 8Fl81 1.35 8U208 2.31 OA47 e.ll OC83 1.74 ZTXIO'I 1.13 AF114 1.88 BC136 1.17 BCY42 1.21 8Fl82 1.35 8YIOO 1.52 OA70 0.35 OC84 1.74 ZTXIIJI 0.12 AF115 ... BC137 0.17 BCY43 1.21 8Fl83 1.2 8YI28 0.11 OA79 us OC122 1.73 ZTXIOO 1.14 AF11~ ... BC147 1.10 BCY58 1.18 8Fl84 Ut 8YI27 1.17 OA81 1.35 OCI23 2.112 ZTXJOO 0.14 AF117 1.81 BC148 1.18 BCY70 1.17 8Fl85 1.21 8ZX61 1.21 OA85 U5 OC139 2.51 ZTXJ01 1.15 AF139 1.41 BC149 1.11 BCY71 1.21 8F194 1.11 Series ' 0A90 0.01 OC140 1.18 ZTX302 1.17 AF186 1.38 BC157 1.10 BCY72 us 8Fl95 1.11 8ZY88 1.15 OA91 1.01 OC141 3.74 ZTX303 11.20 AF239 1.5% BC158 1.01 BCZll 1.72 BF196 1.12 Series OA95 1.01 OC170 1.15 ZTX304 1.22 AFZll 111 BC159 8.12 80115 0.52 8Fl97 1.14 CRSl/40 ... OA200 o.ll OC171 1.15 ZTX311 1.14 AFZ12 3.11 . BC167 1.14 80121 1.541 8F200 UJ CRS3/06 1.52 OA202 1.11 OC200 1.73 ZTX314 0.23 ASY28 1.38 BC170 I.U 8Dl23 1.50 BF224 1.23 CRS3/40 8.88 OA211 1.15 OC201 l.ll2 ZTX!iOO 0.15 · BC171 1.12 80124 1.541 8F244 U2 1.15 OC202 2.12 1.16 
ALV E130L 

UY41 1.44 58254M 23.12 EL180CC ... EF89 1.84 GXU2 28.43 PC900 1.38 333.11 VY85 1.20 58255M 23.12 Als:M JUS EL180F ... EF91 2.17 GXU3 30.41 PCC84 1.15 QZOS-20 30.48 VIS631 15.24 5C22 46.00 A1IJ87 11!8 El82CC ... EF92 1.88 GXU4 32.17 PCC85 1.38 RIO 5.75 XGI-2500 42.04 5Jl80E l38I.CIO A2134 11.18 El86F 12.58 EF93 1.15 GXU50 17.25 PCC88 1.38 Rl7 l.llt XG2-6400 113.541 5R4GY 2.30 A2293 8.12 El88CC 1.40 EF94 1.24 GY501 3.11 PCC89 1.31 R18 4.1111 XG>500 28.52 5U4G 3.88 ' A2428 17.13 . E2110F 25.88 EF95 1.27 GZ32 1.44 PCCI89 1.81 Rl9 1.38 XG2-64001M.l5 5U4G8 UO A2521 24.38 E283CC 1.112 EF98 1.44 GZ33 4.811 PCC805 l.Sl R20 1.811 XRl-l&OOA 5V4G 1.75 A2900 14.43 E288CC 18.54 EF183 e.t2 GZ34 2.88 PCC806 2.07 RGJ-250 35.17 S8.5S 5Y3GT D.98 A3343 2!1.31 EA52 23.. EF184 0.96 GZ37 UD PCE82 2.07 -RG3-250A 37.41 XRl-3200 13.15 5Z3 1.73 AZ31 1.28 EA'/6 2.30 EF804S 12.65 KT61 4.82 PCF80 1.15 RGJ-1250 31.23 XRI-3200A 5Z4G 1.75 AZ4l 1.32 EABCOO 1.38 EFl!05S IUS KT66 11.51 PCF82 l.lS RG4-1250 43.113 t3.15 5Z4G7 1.75 8K448 111.27 EAC91 1.12 EH90 1.61 KT88 13.80 PCF86 1.84 RG4-3000 a.&t XRl-6400 112.01 6-301.2 1.71 8K484 ..... EAF42 1.44 EK90 1.24 K1W61 2.12 PCF67 1.84 RR3-250 SSM XRl-MOOA 6AB4 1.44 BS90 52.27 EAF801 2.12 EL32 1.73 K1W62 2.02 PCF200 3.74 RR3-1250 14.83 114.23 6AB7 1.73 BS810 35.24 EB41 2.31 EL33 4.02 K1W63 2.82 PCF201 us S11El2 41.25 YD1120 214.51 6AC7 1.11 BT5 52.81 EB91 Ul EL34TH 2.53 M8079 12.21 PCF801 1.84 Sl30 3.45 YD1240 3A.82 6AF4A 1.84 BT17 1M.7l EBC33 2.12 EL34MU1 3.11 M8080 1.41· PCF802 2.11 Sl30P 4.83 Z759 JU2 6AG7 2.30 BT19 M.ll EBC41 1.44 EL36 1.84 M8081 11.30 PCFII05 1.84 STV280-40 11.541 ZMIOOO 1.03 6AH6 5.!12 BT29 118.57 EBC81 1.21 EL41 1.44 M8082 1.87 PCF806 1.84 STV280-8024.15 ZMIOOl l.lt 6AK5 4.15 BT89 114.17 EBC90 1.97 EL42 2.82 M8083 8.54 PCF808 1.84 SU41 2.88 ZM1020 11.83 6AK6 2.81 BT75 112.41 EBF80 1.58 EL81 2.88 M8091 11.11 PCL82 1.15 SU42 10.35 ZM1021 11.17 6AL5 1.01 Jml5 111.81 E8F83 1.44 EL83 4.03 M8096 4.31 PCL83 2.31 TD03-10 32.78 ZM1022 lUO 6AM4 2.65 C8L31 2.31 EBF89 1.97 EL84 LIS M8097 ... PCL84 1.15 TD03-l OE 32.78 ZM1023 8.81 6AM5 8.21 CL33 %.341 EBL31 2.88 EL86 2.88 M8096 5.!10 PCL.85 1.24 TD03-29F 33.13 . ZM1040 Z2.%6 6AM6 2.07 CY3l 1.15 EC90 1.28 EL90 1.10 M8099 5.98 PCL86 1.24 TI15 S4.50 ZMl<Ml lUI 6AN5 4.45 CIK 21.30 EC91 s.ee EL91 8.21 M8100 1.49 PCI...805/85 1.24 Tf21 lUI ZM1042 21.44 6AN8A 3.17 C3A 11.541 EC92 1.44 EL95 1.51 M8136 1.75 P0500 4.14 'IT22 18.17 ZM1051 101.05 6AQ5 1.10 C3JA 23.23 EC157 311.50 ELl 56 27.911 M8137 9.'13 PE06-40N 31.40 TilOO lii.Sl !B3GT 1.58 6AS6 5.73 OA41 21.541 ECC33 4.02 EL360 1.17 M8140 5.17 PFL200 2.97 TY2-125 •• Dl IBZ4 11.51 6AS7G 1.49 DA42 l:UO ECC35 4.82 EL500/504 2.16 M8141 5.52 PL36 1.38 1W 4-400 74.07 IB35A 28.75 6AT6 0.98 OAIOO ll2.1Z ECC40 2.30 EL509 3.63 M8142 7.17 PL81 1.38 TY4-500 111.44 1863 . 57.541 6AU5GT 4.97 OAF91 1.41 ECCBI · l.Dl EL821 11.46 M8144 4.31 PL81A 1.38 TYS-500 178.25 IRS loll 6AU6 1.24 OAF96 1.15 ECC82 D.82 EL822 12.55 M8149 3M PL82 1.38 TY6-800 181.71 !55 ..... 6AY5GA 4.32 OET22 32.78 EC; 33 Ul EM34 5.75 M8161 1;11 PL83 2.55 TY&SOOOA IT4 .... , 6AV6 0.98 OET24 52.811 F.CC84 1.31 EM80 1.%6 M8!62 11.341 PL84 1.24 337.51 2ASI5 li.5CI 6AX5GT 3.!17 OF91 1.48 ECC&> 1.38 EMS! 1.15 M8163 5.17 PL504/5 1.81 TY&-50008 2C39A 21.85 687 L73 OF98 1.15 F.CC86 2.30 EM84 1.15 M8190 5.21 PL508 2..WT 264..50 2C43 21.7Q 6B8 U2 OK91 1.21 ECC88 2.17 EM85 1.44 M8195 4.25 PL509 3.73 TY6-5000W 2021 2.94 6BA6 1.15 0Kll2 1.44 F.CC89 1.88 EM87 1.73 M8196 7.47 PL519 3.73 218.18 2E26 15.34 68A7 S.llt OK96 1.28 F.CC91 11.27' EN32 18.28 M8204 6.57 PL801 1.27 TY7-8000A 2.142 111.70 6BA8A 4.31 OUI2 1.241 F.CCI89 UD EN91 2.94 M8212 12.47 PL802 3.40 357.41 2.155 231.97 6BC4 4.27 01.94 1.38 F.CC!m 2.112 EN92 6.18 M8223 3.841 PY33 1.27 TY7-8000W 2J70A 271.25 6BE6 1.24 01.!16 1.28 F.CC!ll8 1.511 EY51 · 2.02 M8224 4.411 PY81 1.97 288.33 2.1708 4111.34 68H6 1.75 OLSIO 1.411 F.CF80 1.24 EYSI I.Bt M8225 2.91 PY82 0.92 TZ40 17.25 2K25 4t.25 6BJ6 1.24 OLS15 11.37 'F.CF82 1.38 EY83 2.02 Ml!248 13.32 PY83 O.S1 Ul8-20 2.88 3-400Z 57.50 ·6BK4 4.84 OLS16 11.37 F.CF86 1.73 EY84 16.57 MU14 1.73 PY88 1.01 Ul9 15.81 3-500Z 63.25 681..6 97.75 OLS19 12.37 F.CH35 2.30 EY!I6 0.16 MXI19 58.15 PY500A 2.07 · U25 1.33 3A5 2.70 6BL7GT 4.44 OM70 1.44 F.CH42 1.32 EY88 2.112 MXI23 17.85 PYBOO 0.97 U26 ..• 3824 1.20 68M6 97.75 OM71 1.44 F.CH81 1.38 EY500A 2.23 MXI45 58.65 PY801 O.WT U37 IUS 3828 8.63 6BN6 1.89 OM180 3.18 ECH83 1.44 EYI!02 94 VXISI 17.25 QQV02~ 14.44 UABCOO 1.44 3829 11.50 6BQ7A 4.28 OY88fl 1.73 ECH84 1.47 EZ35 97 MXI52 l35.7Q QQV03-20A UAF42 1.44 38240M 17.25 6BR7 4.60 oY81i2 1.16 F.CL80 1.15 EZ40 1.44 MX161 186.75 20.13 UB41 1.44 38241M 17.25 6BR8 2.02 E55L 25.17 F.CL81 1.73 EZ41 1.44 MXI63 23.11 QQV06-40A UBC41 1.73 3C23 18.73 6857 4.60 E80CC IUS ECL82 1.15 EZBO 1.96 MX164 %5.88 47.15 UBF89 1.38 3015 28.18 6BW6 4.811 E80CF 12.18 F.CL83 1.73 EZ81 8.96 MX166 142.60 QQV07-50aLI8 UCC84 1.26 3CXIOOA5 23.00 68W7 1.75 EBOF 14.19 ECL84 UJ EZ90 1.38 MX168 48.30 QQZ03-20A UCC85 1.38 3£29 20.87 6BX7GT 5.70 E80L 13.18 F.CL.85 1.28 FW4-500 2.88 N78 10.35 511.110 UCF80 1.32 3S4 1.21 6BZ6 2.73 ESICC I.IZ . ECL86 1.38 FW4-800 2.88 OA2 2.21 QQZ06-40A UCH42 1.38 3V4 1.38 6C4 1.01 E81L 14..18 EF37A 4.112 GI.371K 41.40 OA3 5.611 55.10 UCH81 %.87 -t65A 20.15 CB6A 2.88 E82CC 7.13 EF39 3.16 G551K 12.65 OA4 4.02 QU37 14.38 UCL82 1.20 4-125A 41.98 6CD6GA 5.83 E83CC 7.18 EF40 3.45 GJ80.2M 18.42 082 1.44 QVOJ-12 5.13 UCL83 1.116 4-250A 41.11 6CG7 2.62 E86C 12.48 EF41 2.30 G240.20 12.85 083 2.20 QV04-7 2.88 UF41 1.15 4-400A 52.115 6CH6 9.79 E88C 7.12 EF42 2.30 G400.1K 11.%6 OC2 3.04 QV08-IOOIZ2.28 UF42 1.44 4832 20.16 6CL6 4.12 E88CC 3.86 EF50 1.73 GN4 8.62 OC3 2.20 QYJ-65 57.06 UF80 1.116 4C35 48.00 6CW4 8.83 E90CC uo EF54 5.75 GN4A 8.62 003 2.20 "QY3-125 11.02 UF85 1.116 4CX2508 31.13 602 1.01 E90F 10.38 EF55 2.88 GS16 10.35 OZ4 1.84 QY4-250 70.18 UF89 1.116 4CX350A 48.88 60K6 3.00 E91H "5.34 EF80 1.92 GTIC 14.38 PC !IS 1.61 QY4-400 80.44 UUI 2.88 4Xl50A !4.41 6DQ6B 4.69. E92CC. t.40 EF83 2.92 GU50 14.31 PC88 !.61 QY>500 Je8.83 UL84 1.38 4XI500 28.75 6EA8 3.311 E99F lU6 EF85 GU51 13.12 PC95 1.49 1.15 

INTEGR UITS 7495 Cl.83 
7496 0.12 BASES CRTs 7400 0.18 7423 1.37 7460 0.21 7497 3.45 

7401 0.18 7425 0.35 7470 0.40 74100 1.73 
87G UJUikirt<d 1.17 8.78 &AOPI 40.25 VCR138A 14.38 7402 0.18 7427 G.35 7472 us 74107 0.52 2AP1 
87G skirted D.35 2BPI 10.35 SBPI 11.50 VCR139A 9.20 7403 G.l8 7428 0.41 7473 1.41 74109 0.81 

7404 0.20 7430 D.20 7474 0.48 74110 0.58 89A unskirted 0.17 38Pl 11.50 5CPI 11.50 VCR517A 11.50 89Asltirted 0.35 5.75 5CPIA 46.00 VCR511B 11.541 7405 8.18 7432 G.35 7475 0.62 74111 0.81 30Pl 
7406 0.46 7433 0.41 7476 0.48 74116 2.02 lntOctal 0.40 3EG1 8.05 5FP15A 17.%5 VCRS17C 11.51 Loctal 0.13 3FP'7 8.90 SUP7 16.10 Tube Bases 7407 0.48 7437 0.37 7480 0.63 74118 l.lS 
7408 0.23 7438 0.37 7482 0.86 74119 1.73 Nuvi.storbase OM 3GPI 8.90 007-5 28.75 Prices on . Spin OIL G.l7 9.20 007-32 41.441 application 7409 0.23 7440 0.21 7483 1.04 74120 0.95 3JPI 
7410 0.18 7441 0.97 7484 1.15 74121 0.46 14pin on. 0.17 3JP2 9.20 OH3-91 35.15 

~6J: ~ing 0.20 3JP7 11.50 OH7-11 78.20 7412 0.30 7442 0.83 7486 . 0.40 74122 0.69 
3KP1 17.%5 VCR97 13.80 7413 Cl.37 7447AN 1.04 7490 0.60 74123 l.lS cans all sizes 0.35 3RPI 40.25 VCR138 11.50 7416 0.37 7450 0.21 7491 0.112 74125 0.63 

7417 0.37 7451 0.21 7492 8.89 74128 0.63 3WPI 23.00 
7420 0.20 7453 0.%1 7493 0.69 74128 0.69 

0.23 7454 Ul 7494 0.92 74132 0.81 

prices include VAT. Price ruling 8t time of despetch. 
In some caMS prices of Mullard and USA valves will higher thon 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. Open to callers Monday-Friday 9 a.m.-5 p.m. 

ZJX!i03 G.20 
ZTX504 1.23 
ZTX531 8.23 
ZTX550 1.18 
1N914 1.116 
1N916 1.08 
IN-tOOl 1.07 
1N4002 1.17 
IN4003 1.18 
IN4004 o.G8 
1N4005 • .... 
1N4006 ... 
IN4007 uo 
1N4009 0.07 
IN41411 8.07 
IN5400 us 
IN540f 1.15 
1544 I.G5 
18920 1.18 
15921 U8 
2G301 1.15 
2G302 1.15 
2G306 1.27 
2N404 1.15 
2N9l6 Ul 
2N697 029 
2N608 0.35 
2N705 1.38 
2N706 D-17 
2N708 1.23 
2N930 1.23 
2Nl131 0.30 
2N1132 uo 
2N1302 1.15 
2Nl303 0.88 
2N1304 1.38 
2Nl305 1.03 
2N1306 1.84 
2Nl307 1.15 
2N13111 2.30 

6EW6 1.73 
6F6 2.02 
6F23 1.84 
6F28 1.33 
6F33 21.90 
6Hl 14.38 
6H2N 1.21 
6H3N 1.21 
6H6 1.73 
614 6.10 
616 1.21 
617 8.07 
6K4N 1.44 
6K6GT 1.51 
6K7 1.73 
6K8 2.112 
6KD6 7.31 
6L6G 2.88 
6L6GA 1.73 
6L6GT 2.24 
6L6GC 2.88 
6L7 2.30 
6N2P Ul 
6N3P 1.21 
6N7 1.73 
6P25 4.14 
sqT 2.53 
6R7 2.07 
6SA7 1.67 
6SC7 1.73 
6SF7 1.84 

. 6SH7 1.73 
6SJ7 1.84 
6SK7 1.541 
6SK7GT 3.08 
6SN7GT 1.84 
6SQ7 !.51 
6SR7 1.73 
6SS7 2.07 
6U5G %.341 
sus D.t2 
6U6A 3.38 
6V6GT 1.84 
6X4 1.38 
6X5GT 8.97 
787 1.18 
7C5 3.4CI 
7C6 2.811 
7H7 2.30 
7R7 1.73 
757 2.98 
7Y4 1.84 
7Z4 2.13 
11E3 811.82 
12AT6 1.38 
12A17 1.01 
12AU6 2.97 
12AU7 0.83 
12AV6 2.55 
12AV7 4.00 
12AX7 1.01 
12AY7 4.611 
1284A 3.62 
128A6 2.52 
128E6 2.79 
128H7 1.20 
128Y7 3.11 
12El 18.67 

74136 0.63 
Hl41 U2 
74142 2.15 
74143 %.88 
74144 2.88 
74145 1.04 
74147 2.30 
74148 2.02 
74150 1.84 
74151 0.97 
74154 2.02 
74155 8.97 
74156 0.97 
74157 0.86 
74159 2.42 
74170 2.15 
74172 5.08 
74173 1.61 
74174 1.73 

2Nl309 1.38 
2Nl613 1.211 
2N1671 1.73 
2NJ893 1.21 
2N2147 4.31 
2N21411 1.89 
2N2218 0.28 
2N2219 0.28 
2N2220 1.21 
2N2221 0.21 
2N2222 1.21 
2N2223 3.18 
2N2368 0.20 
2N2369A 0.24 
2N2484 0.23 
2N2646 1.13 
2N2904 1.211 
2N2905 D.2t 
2N2906 0.24 
2N2907 0.24 
2N2924 1.24 
2N2925 us 
2N2926 0.16 
2N3053 uo 
2N3054 8.58 
2N3055 Ul 
2N3440 ... 
2N3441 1.12 
2N3442 1.28 
2N3614 1.73 
2N3702 0.13 
2N3703 1.15 
2N37<M D.15 
2N3705 0.15 
2N3706 8.15 
2N3707 1.15 
2N3708 0.12 
2N3709 D.l5 
2N3710 1.12 
2N3711 0.12 

13El 123.G5 
19H4 28.75 
!9H5 40.25 
2489 55.20 
30Cl5 1.84 
30Cl7 1.84 
30Cl8 1.84 
30F5 1.13 
30FLII2 1.28 
30FLI2 2.07 
30FL14 1.84 
301.1 1.15 
30LI5 2.07 
30LI7 2.07 
30Pl 2.88 
30P4 ···-30Pl3 2.17 
30Pl9 1.38 
30PLI %.83 
30PLI4 us 
30PL15 %.07 
35W4 ... 
50C5 O.Sl 
7581 5.38 
75CJ 2.7Q 
85Al 8.63 
85A2 2.75 
90AG 14.90 
90AV 14.90 
90CI 2.81 
90CG 16.72 
90CV 17.51 
92AG 14..90 
92AV 14.90 
95A1 . 7.48 
15082 3.47 
!5083 6.39 
150C2 2.21 
150C4 2.75 
211 8.90 
723AB 40.25 
803 11.51 
805 23.00 
807 4.31 
SIIA 18.32 
81ZA 18.26 
813 85.87 
833A 128.80 
866A 15.23 
872A 21.47 
922 5.01 
931A 18.97 
1624 2.59 
1625 1.116 
2050 8.00 
4212E 304.75 
4212H 304.75 
5544 62.10 
5545 87.85 
5551A 1111.03 
5552A 143.35 
5553A 259.10 
5642 6.45 
5654 3.93 . 
5651 2.15 
5670 S.l8 
5675 19.91 
5687 6.31 

4.35 

74175 1.04 
74!76 1.26 
74178 1.44 
74179 1.44 
74i80 1.32 
74190 . 1.73 
74191 1.73 
74192 !.55 
74193 1.55 
74194 1.44 
74195 1.15 
74196 1.38 
74197 1.26 
74198 2.59 
74199 2.59 
70013N 1.02 
TAA570 2.65 
TAA63ffi 4.12 
TAA700 4.50 
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2N3771 2.112 
2N3772 %.30 
2N3773 3.45 
2N3819 1.41 
2N3820 1.52 
2N3823 1.13 
2N3866 1.83 
2N3904 D.l5 
2N3905 1.15 
2N3906 D.l5 
2N4058 . 1.16 
2N4059 1.12 
2N4060 •. 14 
2N4061 0.14 
2N4062 1.15 
2N4124 0.17 
2N4126 0.17 
2N4286 0.23 
2N4288 1.25 
2N4289 0.28 
2N5457 0,40 
2N5458 0.40 

' 2N5459 0.40 
25017 7.48 
25019 7.48 
2S026 13.80 
25103 1.73 
25302 0.86 " 
25303 · 0.88 
25322 uz 
25324 1.44 
25701 1.73 
25745A 0.40 
25746A 0.40 

7.87 
5725 5.62 
5726 3.62 
5727 5.42 
5749 5.14 
5751 4.80 

. 5763 4..86 
5814A 4.28 
5840 5.08 
5842 13.90 

.5876A 11.55 
5879 5.38 
5886 12.08 
5963 3.311 

. 5965 4.011 
6005 5.12 
0021 5,13 
6057 4..12 

. 6058 12.47 
6059 4..811 
6061 4.89 
6062 4.31 
6063 4.20 
6064 8.54 
6067 4.02 
1m2 5.80 
6080 7.88 
6097Ax8xC 

6146A 
61468 
61598 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 
7587 
7609 
7868 
7895 
8005 
8068 
8122 
8136 
8417 
18042 
18045 

441.00 
10.30 
8.12 

17.27 
10.03 
5.28 

17.%5 
12.77 
4.38 
2.73 
8.45 

11.116 
20.11 
38.57 

5.04 
13.25 
75.03 
6.33 

80.11 
2.48 
1.78 
8.13 

12.08 

Tested 
Ex-Equipment 

4CX2508 5. 75 

TBA480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3.711 
TBAS8lCQ 3.7Q 
TBA673 !.52 
TBA700 1.75 
TBA720Q 2.65 
TBA 750Q 2.38 
TBA800 1.38 
TBA!I20 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCA270Q 3.34 
TCA760A l.5t 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 
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The New FM/AM lOOOswith 
Spectrum Analyser-we call it the 
SUPER-S . 
A portable communications serv1ce 
monitor from IFR, light enough to 
carry anywhere and good enough for 
·most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency . 
error meter-and up to five service 
engineers who could be doing 
something else! 

For further information contact 
Mike Taylor 

b!j FieldTech f§liE~:!~f:.: 
L---------------, Tel: 01-759 2811 

Telex: 23734 
IFR precision simulators FLDTEc G 

WW-054FOR AILS 

WIRELESS WORLD DECEMBER 1980 

Heloer low cost instruments are . 
specially designed for 'fiddle-free', 
instant bench testing or mobile ·.· · · 
servicing of two-way radio 
equipment. . 

They'll make life easier for t_he 
busy technician whilst giving 
extremely reliable, lasting service. 

The Autopeak Modulation Monitor .. 

For reading peak modulation 
and modulation density on any FM 
receiver whose 2nd I. F. is 400, 450 
or 455KHz. Other frequenCies may 
be accommodated on special 
order. 

The Sinadder 3 ... 

Ideal for bench or mobile 
service van use, with 3 functions 
in one . Automatic SINAD meter 
with audio monitoring plus a 
1OOOHz tone generator. Sensitive 
AC voltmeter, 1M n input 
impedance, with audio monitor 
for tracking down distortion and 
locating defective stages. 

These are just two of 
our Helper range. 

Write now for a 
product guide 
and free copy 
of the mobile 
radio desk 
reference. 

HELPER 

I L ,I. ~STRUMENTS 
Lyons Instruments Limited , Hoddesdon , Herts, EN11 9DX, England 
Telephone 67161 Telex 22724 A Claude Lyons Company 

WW- 044 FOR FURTHER DETAILS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial .or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the reference number(s). 
Your enquiries will be passed on to 
the manufacturers concerned and. 
you can expect to hear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 

Please Use Capital Letters· 

If you are 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 Rue de Ia Petite-ILE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution. i 
Hovedvagtsgade 8, 
Dk.11 03 Kobenhavn. 

Flnlanll: Rautakirja OY, 
Koivuvaarankuja 2, 
01 640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 -

Greece: Hellenic 
Distribution Agen,cy, 
P.o. Box 315, 245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmar N.V., 
Oostelijke Handelskade 11, 
Amsterdam 1004 

India: International 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: Intercontinental 
s.a .s. Via 'ileracini 9, 
201 24 Milano 

Japan: Western Publica
tions Distribution Agency, 
170Nishi-Okubo · ' 
4-chome, Shinjuku-Ku, 
Tokyo 160 

Lebanon: Levant Dist~i
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. 

Malta·: W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd. 
102 Adelaide Road, 
Wellington2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street. P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Amadora 

South~Afrlca: Central 
News Agency Ltd, P.O. 

. Box 1033, Johannesburg 

Spain: Comerdal 
Atheneum s.a. Consejo de 
Ciento. 130-136 Barcelona 
15 

Sweden: Wenneg ran 
Williams A B. Fack S-104, 

. 25 Stockholm 30 

Switzerland: Neville & 
Cie SA, Rue Levrier 5-7, 
CH-1211 Geneva 1 
Schmidt Age nee AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Busine~s Press, 
205 East 42nd Street, 
New York. N.Y. 10017 
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BUSINESS" REPLY SERVICE 
Licence No. 12'045 

WIRELESS WORLD, 
PRODUCT REPLY SERVIC~, 

429 BRIGHTO-N ROAD, 
SOUTH CROYDON, 

SURREY 

2 

CR2 9PS I . 
I ____________ CUTH(Ilf----~--~--

,. Enquirw Service for ~rofessional I Reader~ WIRELESS WORLD Wireless World, December 1980 ww 07 

I Please arrange for me to receive further details of the products listed, 

· WW · · ~ · WW - · · · WW · · · · the appropriate reference numbers of which have been entered in the 
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Name of Company ........................................ . 
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USE ONLY 

Position in Company . 
••••• • •••••••••••••••••••••••• 0 

Nature of Company I Business ................ . ............. , .. 
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I wish to subscribe to Wireless World 0 
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Wireless World: 
/ 

Subscription Order Form 
To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Subscription Manager, 
.I P~ Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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OVERSEAS ADVERTISEMENT 
AGENTS 

Hungary Mrs. Edit Bajusz, Hungexpo 

Advertising Agency, Budapest XIV, 
Varosliget- Telephone: 225 008-

Telex: Budapest 22-4525 INTFOIRE 

Italy Sig. C. Epis Etas-Kompass, S.p.a.

Servizio Estero, Via Mantegna 6, 
20154 Milan- Telephone 347051 -

Telex: 37342 Kompass 

Japan Mr. lnatsuki, Trade Media - IBPA 
(Japan),_ B212 Azabu Heights, 1 -5-10 

Roppongi. Minato-Ku, Tokyo 106-

Telephe>ne : (03) 585-0581 

United States of America Ray Barnes, 

*I PC Business Pre'ss 205 East 42nd Street 

New York; NY 10017- Telephone: 

(212) 689 5961 -Telex: 42171 0 
Mr. Jaek F<3rley Jnr., The Farley Ca., 

Suite 1548, 35 East Wacker Drive, 
Chicago, Illinois 60601- Telephone : 

(312) 6 3074 
Mr. Victor A Jauch, 
Elmatex International, 

P.O. Box 34607, 

Los Angeles Calif. 90034 U.S.A. 

Telephone: (213) 821 8581 

Telex: 18- 1 059. 
Mr. Jack Mentel, The Farley Co., Suite 605, 
Ranna Building, Cleveland, Ohio4415-

Telephone: (216) 621' 1919 . 
Mr. Ray Rickles, Ray Rickles & Co., 

P.O. Box 2008, Miami Beach, Florida 

33140- Telephone: (3Q5) 532 7301 
Mr. Jim Parks, Ray Rickles & Co., 

. 3116 Maple Drive N.E., Atlanta, Georgia 

30305. Telephone: (404) ~37 74;32 
Mike Loi.Jghlin, fPC Business Press, 
15055 Memorials, Ste 119, Houston, Texas 
77079- Telephone: (713) 783 8673 

Canada Mr. Colin H. MacCulloch, 
International Advertising Consultants Ltd., 

915 Carlton Tower, 2 Carlton Street, 

Toronto 2- Telephone ( 416) 364 2269 

~Also subscription agents 
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~The New Scopex 14D-1c 
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A dual trace lOMHz sensitivity oscilloscope 
incorporating all the latest high technology 
developments to bring you all these 

At a price of £230.00 +VAT. 
Ensures British leadership ·in the low cost hig 
performance oscilloscope market. 

outstanding features as standard. 
e lOcm x Scm display. 
e 2mV sensitivity on both channels. 
e Add arid invert facility. 
e Probe compensation. 
e Push button X- Y. 
e Trace locate. 
e lOMHZ (-3cfBl over full displa-y. 
e Complete with probes. 

~ Distributors required in certain countries 

V C 0 P EX Please send me full details of the 14010. 
Pixmore Avenue . Letchworth. 
Herts SG61JJ Tel : (04626) 72771. 

~~ 
c=:=J~ 
I wish to pay by Barclaycard/Trust Card. 
Please charge to my account. 
My Barclaycord/Trust Card No. is 

wW - OSI FOR FURTHER DETAILS 

Name_· ----------------~----

Company 

Address 

Tel : __________ __ 
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. . . or if you hayen't got a pocket edition pfthe current 
Geographers' A to Z of london with you: Dorset House, Stamford Street, S.E.1. 

moves to Quadrant House in Sutton, Surrey. 
This is the hew headquarters of our parent company, 

IPC Business Press-and our new address 
as from 1st December. 

It's a brand-new, purpose-built 
tower block of twenty storeys linked 
to a low-rise block of seven, and it's 

situated right by Sutton railway 
station. The environment is nice and 
the facilities are impressive: our new 
telephone system is one of the most 

modern in the country and callers 
will receive just about the fastest

answering service they've ever ~ad. 
This is only one way in which we 

hope our move will be of benefit, not 
simply to us, but to everyone who 

has been used to contacting us at 
Dorset House, Stamford Street, S.E.1. 

We look forward to seeing or 
hearing from you at our new 

address, so please make a note in 
your diary now: 

wireless 
world moves on 

1 0 November 1980 to 
Quadrant House, The Quadrant 

Sutton, Surrey 5M2 5AS 
Tel: 01-661 3500 Telex: BisprsG 892084 

WIRELESS WORLD DECEMBER 1980 

A member of IPC Business Press Ltd 

WIRELESS WORLD DECEMBER 1980 

·.' 

Call your secretary, 
factory manager, 

accountant t'>r even 
hold a conference- all a~t 

. the press of a button using the 
f 1rst easy to install100% British 

designed and manufactured Duplex 
Intercom System. . 

Featuring: Operation on a 6wire system. 
• Plug in anywhere on the system~ . . 
• Retai~ identity station number. • Up 

to 56 stat1ons. •Two speech channels. 
• 24 Volt supply. • All from the'smallest central 

unit available and of course the leas.t expensive. 

Barkway keeps you in touch ... 
Write or phone NOW for further details . 

Barkway Electronics Ltd., 
Barkway, Royston, 

••• • • •••• : ... Herts SG8 SEE, England. 
Tel: Barkway (0763 84) 666 
Telex: 817651 BARCOM G 

Bark way 

WW- 108 FOR FURTHER DETAILS 

Exclusive UK representative 

·aspen electronics ' limited 
2 Kll.DAR.E ·cLose; EASTCOTE, "i\llloo5CtfA4-9UR 
T~LE~HONE: 01-868 1188- TELEX 8812727 
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•"-''"\ '"'\ \\t\\\t 
· .. ·. '''~tllll\0 ,~i~"~'\l\\1 . · ~A 4% bigHC. D -:II' 11 · DMM w1th true RMS on 

AC volts and current 
DC volts 200mV-1KV, 
101-1V resolution AC ,. 
volts . 200mV-750V, 
10~-JV resolution . 
DC/ AC current 
200~-JA-2A, 0.011-JA 
resolution resistance 
200S2-20MS2, 0.01 S2 
resolution. Also reads 
dB direct referenced to 
16 stored impedances. 
Conductance ranges 
2mS and 200nS. 
£199 mains model 

. £239 mains battery. 
8012A 3% Digit LCD DMM with true RMS on AC volts and current. 
DC volts 200mV-1 KV, 100~-JVresolution . AC volts 200 mV-750V 100~:~V resolution. DC/ AC current 200~-JA-2A, 0.1 J.IA resolution . ' 
Res1stance 200S2-20MS2, 0.152 resolution Low resistance 2S2 and 20S2 
1mS1 resolution Conductance ranges 2mS-20~-JS-200nS ' · 

£199.00 m'ains model 
£219.00 mains battery. 
8010A 3% Digit LCD 
DMM Same spec as 
8012A plus a 10Amp 
AC/DC current range, 
but n·o low resistance 
range. 
£159.00 mains model 
£179.00 mains battery. 
8024A 3% Digit hand 
held LCD DMM with peak 
hold Level Detector 
and continuity tester. 
DC volts 200mV-1 KV 
100J.1V resolution . ' 

AC volts 200mV-750V, 1001-lV resolution.DC/ AC current 2mA-2A · 
1f.IA resolution. Resistance 200S1-20MS1, 0.1 S1 resolution. ' Conductance 200nS.Peakhold of AC or DC volts and current. 
Level dete"cto~ op_erates around + 0.8V reference . Audio tone on 
level and contlnuJty .£135.00 carrying case £7.00 extra. 

8020A 3 '12 Digit hand held LCD DMM. spec as per 
8024A with extra conductance range of 2mS but 
no peak hold, level or continuity ranges. 
Complete with carrying case. £112.00 

8022A 3% Digit hand held LCD DMM, Spec 
~s per 8020A but no conductance ranges 
and slight reduction on accurac:y. Was 
£89.00 now reduced to £75.00 carrying 
case £7.00 extra. 

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

Electronic Bwic0k8rs 
. - 61-65 King's Cross Road · 

I I London, WC1X 9LN 
- Tel : 01-278 3461 -Telex 298694 

Pnces do not include carnage or VAT . 
WW- 099 FOR FURTHER DETAILS 
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A range o f S cop es in stock f rom 5 m HZ Singl e Trace t o 5 0 mHZ Dualtrace. 
Mains a nd Batt ery/Mains , portables. M any on dem onstration. 

SINGLE TRACE (uK c/p etc £2.5oJ 

Hm 307-3 10mHZ, 5mV, 6 x 7cm display plus 
component test 
C01303D 5mHZ, 10mHZ, 7 x 7cm display 
SC1 10 1Om HZ Battery portable, 1 OmV 3.2 x 
2.6cm display (Optiona l case £8.80, Nicads 

· £7 .95, Mains unit £4.00) 
LB0512A 10mHZ, 10mV, 5" display (p.lus 
FREE probe) . 
CS1559A 10mHZ, 10mV, 5" display 
*V15115mHZ 5" display 

. OPTIONAL PROB (ALL MODELS) 

£170.00 
£109.25 . 

£1 49.95 

£195.50 
£198.50 
£24f50 

X1 £6.50, X10 £8.50, X100 £ 12.95, X1-X10 £10.95 

HAMEG e TRIO e SINCLAIR e LEADER HITACHI 

DUAL TRACE (UK c/p .etc £3.50) 
CS1562A 10mHZ, 10mV, 5" gisplay 
CS1575 5mHZ 1 mV 5" display 
Hm312-B 20mHZ, 5mV, 8 x 10cm display 
CS1566A 20mHZ, 5mV, 5" display 
CS1352 15mHZ, 2mV, 7.5cm, display battery/mains 
portable (N1cads pack £29 . 90) · 
Hm412-4 20mHZ, 5mV, 8 x 10cm display plus Sweep Delay 
CS1577A 30mHZ, 2niV, ·s" display -
CS1830 30mHZ, 2mV, 5" display plus sweep delay 
Hm512-B 50mHZ, 5mV, 10x Scm display, Delay Sweep 
LB0514 10m HZ, 1mV (5mV) 5" display (plus 2· FREE probes) 
*V15215mHZ 1mV 5" display · --
*V302 30m HZ 5" display 
*V55050mHZ 1mV 10X8 em 
Delay sweep + 3 channel 

£244.95 
£210.00 
£287 .50 
£323.15 

£346:15 
.£399.50° 
£4 55.40 
£507.15 
£667.00 
£2~4.00 
£326.60 
£447.35 
£799.25' 

RF 
S G402 100KHZ - 30mHZ GENERATORS AUDIO (All sine/square) 

A G20 2A 20HZ- 200KHZ 

(UK c/p £ 1 .7 5) 
with AM modulation £64.40 
L S G1 6 100KHZ (300mHZ on 
Harmonics) £56.50 
LSG231 - 1 OOm H;;':± 1 mHZ (adjustable) 
FM stereo generat9r and pilot and' mod. 

£195.00 

PULSE 
2001 1HZ-100KHZ £86 .• 00 
·T G 105 5HZ-5mHZ £9 2.50 · 
4001 0.5HZ - 5mHZ £105.00 
200P 0.002H2 - 5.5mHZ £253.00 
200SPC as 200P plus built in freq. 
display/1 OOmH2 counter £437.00 
A range 'of Sign a l Generators to 
cover Audio, RF and Pu l sing. 
Mains operated (TG series Bat
tery). 

LAG26 20HZ - 200KHZ £ 6 9 .00 
AG2 03 10HZ- 1mHZ sine/square 

£ 120.75 
LAG 120A 10HZ-1mHZ £ 1 3 7.0 0 

LEVELL 
(Battery Portables) 
('M' with Meter) 

152 S ERIES 3HZ - 300KHZ Sine/ 
Square 
200 SERIES 1HZ- 1mHZ Sine/Square 
TG152D £92.00 
TG 1 5 2 DM £11 3 .85 
TG200D £ 124 .20 
TG200DM £ 149.50 
T G200DMP £155.2 5 ' 
TV GENERATORS .. 
LCG-393V PAL B VHF 6 patts . £137.00 
LCG-782U 

Range in stock cover ·ng up to 
1 50mHZ and up to 1 K watt power. 
PL259 sockets Also 250 UHZ 
Grid Dipmeter . 
SWR9 SWR /S 3-150mHZ 
£9.50 
SW R50 SWR /Power meter, 
31f2·150mHZ 0-1000 watts£13.95 
f10 SW R/Power 1 V>-144mHZ 
0/ 10!100watts £11.50 
171 Aa 110 Twin meter plus F/ S 

£14.50 
Plus large range of BNC/PL259/ 
etc leads plus adaptors I connectors 
always in stock. 

LEADEReTRIOe NEWTRON I C S e L EVELL PAL B UHF 15 patts . £2 1 7.00 

176 SWR /Power/FS 1 y,. 
144mHZ 5-50 watt Plus 25-
40mHZ ac match £16.60 
KDM8 Gnd Dip 1 y,,250mHZ 

50 

DIGITAL MULTIMETERS A MI~ of lED _. LCD a..c1o awd H• d.DMM's..U.,., opermd ;.nu. 
opll•al Mai11 Maplilrl - - Willi opti- 1 Nic:~~dt. All IIIPPiit d 
willl~n aodlatdl. . .. , 

m £86.50 

HAND HELD (UK p ~ sl etc ' asp) BENCH PORTABLES (UK c/p £1.0a) 
TM352 3Yz Digit LCD plus 10 DM235 3Yz Digit LED 21 . 
ADC and Hfe checker £54.95 ranges, 0.5% AC/DC 2A £56.50 
PDM35 3Yz Digit 16 range LED DM3503Yz Digit LED 34 ranges 
(no AC current) £32.95 AC/DC 10A £78.50 
ME502 31/z Digit LED plus 10A TM353 3Yz Digit LCD AC/ DC 2 
DC and Hfe checker £43.95 amp 
LM2001 3Yz Digit LCD 2 amp TM351 3Yz Digit LCD AC/DC 10 
AC/DC 0:1% £51.70 . amp £1 07.95 
6200 3Yz Digit LCD 0.2A AC/DC, LM100 31;2 Digit LCD AC/DC 2 
Auto range £39.95 amp £86.50 
6220 As 6200 plus 10A AC/DC £49.95 : DM450 4 V2 Digit LED 34 ranges 
6100 As 6200 plus Cont. AC/ DC 10 amp £107.95 
test/range hold £64.95 (DM series options . Car ry case 
61 10As6100plus10AAC/DC £74.95 £8 . 50 . Nl -cads £7 . 95 . Mains 

adaptor £4 . 

FREQUENCY COUNTERS 
I 

INSULATION TESTERS 

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

HAND HELD (UK post etc 85p) 

PFM200 20HZ to 200mHZ 8 Dig it LED ~ £54.50 
MAX50 100HZ to 50mHZ 6 Digit LED £61 .00 
MAX550 30KHZ to 550mHZ 6 Digit LED £106.00 

BENCH PORTABLES 1uK ctp £too) 

MAXt OO 8 Digit LED 5HZ to 100mHZ 
TF200 8 Digit LCD 10HZ to 200mHZ 
7010A 9 Dig it LED 10HZ to 600mHZ 

£89.00 
£158.95 
£184.00 

ZOOD 6 Digit lOOMHZ LED built into 0.002HZ to 5.5MHZ 
Pulse Generator £437.00 

. CSCe S I NCLAIR 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 goo AMPS 750 VAC 2K 
OHM £77.95 
K3103 Transistorised insulat ion I 
continui ty tester. 100 MEG. 600 
VAC, 0 / 2112 K £95.00 
MSOO Insulation tester 1 00 MEG, 
500VOLT, 0/200 OHMS continuity 

£67.50 
Also digital and DC types in stock 

WW- 038 FOR FURTHER DETAILS 
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~ 
-_; dicatinv high/low 

U
; etc states t~lt 
; scopes can 1111aa. 
• All circuit pow-

. ; ered fur alii&$. -
LP3 50MHz logic probe 

£55.95. 
LP1 lOMHz logic probe 

£35.50 
LP2 1 YzMHz logic probe 

. £19.95 

LMI 

Logic 11111nitor £33.00. 
Also in stock range of Proto
board kits and breadboards. 

CHOOSE FROM i.fK'S 
LARGEST SELECTION 

ELECTRONIC METERS 

· ~f§J-' ~. ~-·· 
UKc / p £1.50 
K200 38 range FET 10m OHM input 20Hz to. 30Mf-jz 
multimeter £95.00 
TM 11 1 20 ra nge multimeter 3Hz to 200KHz £172.50 
TM3A Multirange AC micro voltmeter £149.50 
TM3B As TM3A larger size meter £166.75 

'PRO' MUL TIMETERS 

;-~ ~t 
UKc/p . ~ ~ £1.20 
M 1200 lOOK / Volt 30 ranges plus AC I DC 1 5 amp 

£67.00 . 
K1400 20K!Volt 23 ra nge large scale £79.95 
M 1500 20K!Volt 42 range plus AC/ DC 10 amp 

. . £53.50 " 

FREe 
CAr~ L.OtruE/ 

Send large SA E 
(17Y,p UK) 

Schools, Companies 
etc. free on request .· 

WIRELESS WORLD DECEMBER 1980 

_ MAINS ISOLA 
fPRI i 20 or 246vsec- f2T> or 

':Ret. v't{:;~_ped a ry_~-s_~r~~!:l..:~D-
1 01* . 20 .. .. 4.84 .91 
j149 60 7.37 1.10 
•150 100 8.38 1.31 
.151 200 12.28 1.31 
j152 250 14.61 1.73 
<153 350 18.07 2.12 
J154 500 22.52 2.47 
;155 750 32.08. OA 
!156 1000 ·40.92 OA 
:

1

157 1500 56.52 OA 
158 2000 '67.99 OA 

! 1 59 3000 95.33 OA 

Amos 
ffi 24v · 
o:s -·Q.25 
1.0 0.5 
2 1 
4 2 

·5 . 2.5 
6 3 
8 4 

10 5 
12 6 
16 8 
20 ·10 
30 15 

15 or 240 sec ont'y. State volts re-1 """'....;;.;-..3jft{o~r;rf;;;~~~..:.:...: Pri. 0.220-240V. . ' t 

:Volts 
j3"1>-3-

1A, 1A 0-6. 0-6 
i 100 .9-0-9 

i ~~g: ~~g , g:~: g~- ~-8-9 
1A. 1A ;0-8-9. 0-8-9 
200. 200 ' 0-15. 0-15 

, 50MA ' 1 2-0-1 2 
! 300, 300 0-20, 2-20 
; 700 (DC) 
. 1A. 1A , 
500, 500 

, 1A 

rMETAL O XIDE RESISTORS-- 5% v..w 
(Eiectrosil) . . 
3 ~foo -: 47oo. i>1oo-= 56cio . s i cio 1 iC , K1 ·
, K2 - 1 K6 - 1 K8- 2K - 2K4 - 3K - 16K - 20K- 22K 
- 24K- 47K - 82K - l OOK - 130K · 180K - 220K 
'270K- 300K £1 .50- 100 

MAINS ADAPTORS 
Plugs .. into13-Ascicket-3V at lOOma or -6-. 9. 1 2V at 
300ma. £4.60 p&p 55p +VAT 

Other mode ls avai lable . 

HM312 Dual 
T race 
Oscilloscope. 

117 

DC-20M Hz . 
Sensitivity 5mV-
20V/ cm . T ime 
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 
tr1gger . 

NOW BETTER 
VALUE THAN 
EVER AT 

HM512Dual 
Trace 
Oscilloscope 
with delayed 
sweep. 
DC-50MHz. 
Sensitivity 5mV-
20V / cm Time 
base range 
o·.1uS-2.0S / cm 
with x5 horiz mag 
t o 20nS / chl . 
Delay ran ges 7 
decade steps 
100ns-1S with 
fine control CRT 
screen 8 x 10cm. 
Full XY using ch II 
as x input, 
bandwidth 4 
MHz . Z input . 
Delay line allows 
viewing of 
leading edge. 
Verti cal overscan 
indicated by 2 
LED 's . 

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

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

World-beating Oscilloscope Offers 
FROM 

Electronic Brokers 
- 61165 Kings Cross Road, 

I london WClX 9LN. 
- Tei=Ol-278 3461. Telex 298694 

Pr~ces do not inclu de carnage or VAT 
WW - 102 FOR FURTHER DETAILS . 
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POPULAR KITS AND 
PARTS 

SAFE BLOCK 
Mains quick connector w ill save you va_luable t ime. Features include 
quick spring conn~ctors , heavy plast1c case and auto on and off 
~witch . Complete kit £1.95-

LIGHT CHASER 
Gives a brilliant display - a psychedelic light show to.r discos. 
parties and pop groups. These have three modes of flashmg . two 
chase-patterns and a strobe effect. Total output power 750 watts 
per channel Complete kit. Price £18. Ready made up £4 extrll. 

FISH BITE INDICATOR enables ang lers to set up several lines 
then sit down ·and read a book . As soon as one has a b ite the 
loudspeaker emits a sh r il l note . Kit. Price £4.90. 

8 WAVEBAND SHORTWAVE RADIO KIT . . . . 
Bandspread covering 13 .5 to 32 ~etres . Based on c1rcu1t wh1~h 
appeared in a recent issue of A~d1o Constru~tor Comp lete kit , 
includes case materials. six transis to rs. and d1odes .. condensers . 
resistors, inductors. switches , etc . Noth ing else to buy , if you have 
an amplifier to connect it to on a pa ir of high resistance headphones 
Price £11.95. 

SHORT WAVE CRYSTAL RADIO . 
All the parts to make up the beginner's model. Price £2.30. Crystal 
earpiece 85p. High resi_stance headphones (g1ve best results) 
[3. 75. Kit includes chass1s and front but not case 

RADIO STETHOSCOPE 
Easy to fault find -start at the aerial and work towards the speak~r 
- when sigr:~a ! stops you have found the fault. Complete k1t 
£4.95. 

MULLARD UNILEX 
A mains-operated 4 + 4 stereo systen::!_. Rated one 
of the finest performers in the stereo field this would 
make a wonderful gift for almost anyone . In 
easy-to-assemble modular form this should sell at 
about £30-but due to a special bulk buy and as a 
incentive for you to buy this mon1h we offer the 
system complete at only £18 includmg VAT. and 
postage. . . _ ~ . . , 
FREE GIFT -Buy this month and you will rece1ve a pa1r of Gooclm•n • elhpt1cal 8 
X 5" speakers to match this amplifier . 

WIRELESS WORLD DECEMBER 1980 

~'!:~ly ~e Adv.-illing Bargains Uat givM detllilo 

:.. "== c:::::~:::-;::~~e!:si::::::n: 
list 8lld it's fNe-juat ..,.. S.A.E. Below - • few of the ....... ns atiii8Y8illlble fmm previoutllinea. 
SUPER BREAKDOWN PARCEL with free gift of a desoldering 
pump, perhaps the most useful break·down parcel we have ever 
offered . Consists of 50 nearly a ll different computer panels on 
which you will find : over 300 ICs, over 300 diodes. over 200 
transistors and many hundreO other parts. resisto rs. con_densors, 
multi turn pots, rectifiers, SCR etc . et~ . for only £8 .50, wh1ch when 
you deduct the value of the desoldenng pump, ~arks out to just a 
little over 4p per panel. +£1.27 VAT +£2 post (ot's a big parcel) 

1------T-H-IS_M_O_JI_T_H_'S_C_O_JI_S_T_R_U_C_T_O_R_'S_S_JI_I_P _____ --1 T~~~=,?n~~:e~m~~t~~RJ:.~~~Itypes and 31iquid types . There 
are the currel"'t stats which will open the SWitCh tG prote~t deVICeS 

Here's a super bargain for you . 100 twist drills, regular tool shop price over £50, ~~: i;1~t:;~;~~;~ · ;1~':~rci~~~::sr .e:~~ o~e:t::~i1~et~ips~~~ •;t:;~~~~: yours for only £11.50. With these you will be able to dnll me.tal, wood, plastiC, blower fuses ; apploance stats . one for high temperatures. others 
etc, from the tiniest holes in P.C .B. nght up to about V.m . Don t miSS thiS Snip- adjustable over a range of temperatures which could onclude 

send your order today. ~~ 1~v~~C~1!1~e;~~~i~~~~ead t~~~~~ro:,t:tt .. ~i~~~ywah~~~ec:,:tb!~Tcr;:,e;i~~~d 

EXTRACTOR FANS 
Ex-Computer made by Woods of Colchester ; . ideal also as 
blower: central heating systems, fume extract1on. etc . Ea_sy 
fixing through panel. very powerful 2 .500 r.p.m. but qu1et 
running . Choice of 2 sizes , 5u £5.50. 6 11 £8-50; post £1 per 
I an 

to our waterproof heater element , up in the loft could protect your 

~;~~~~r~:~;e~~i~.%·a s~~~~~':e;,h~~~ t:ae~~~~~;~;~~:~e~~~: 
~~~50MOTOR BY CROUZET - a powerful. motor vir.tually 
impossible to stop by hand. si~e approx 2 1~4tn long ~nd ~ Y21n d1a 
this is a permanent magnet f1eld t~pe so IS revers1ble s•mply by 
_changing polarity and has a rela_t•vely consta~t speed w.•th or 
without load . Fitted out with a spllned shaft wh1ch could d1rectly 
engage a toothed gear wheel or to whi_ch a pulley could be attached 

~di~~~~~6~ ';~d~~~~~a;~~~~~~~~~ r:::~~~~~:·in cars . 

~~~~~=~~~~o~~~~a~!! switch that will trigger when a steady AC CONDENSERS 
these are series wound and beco me more p~werful as load 
increases - they will in fa_ct burn t~emselves .out •f over·loaded to 

~~~~it~a ~~i~~lde~~~pao~~r:~~~7~~s;~~~ -;;,~~~:~~~~v!~;~~~~~~effi~~ beam of infra-red or ordinary lighl is broken . Main components- For motor starters. power factor correction voltage droppe~s . The voltage quoted is 
relay, photo transistor , resistors and caps. etc . Corcuot doagram but ACRMS, or for DC at 2Y2 t imes the AC vohage . _ 

j..:..' n-o-ca_s_e -P-ric_e_£_2._3_0·-------------11. 5 mfd 440V 84p 6. 25 mfd 2 50V £1 .00 12 mfd 440V £2 .. 78 
2.5mfd440V 87p 8mfd250V £1.27 13mfd275V £1.65 

of a switch . Being series wound they ':""ill also work o!f a.c . mams 
through a step down transformer an? 1f you use a vanab_le voltage 
type then the motor speed can be vaned by the volta_ge ._S ize_approx 
3•hin long by 3in dia these have a good length of 1/4 10 d1a spind le -10 POCKET 

RADIOS for £9 

These are brand 
new but have 
slight faults . 
Most, if not all, 
should be re· 
pairable . 

2 y, ROUND PANEL METERS. All flu sh mounting through 2 '/, in 
round hole . with flange makes item 3 in wide approx . Made to 
stringent M inistry specificat ions . We have t~e follow1ng types 1n 
stock . All are moving coil un less otherw1se stated . MICRO 
AMPMETER 500UA. scaled 0 .5. Price £2.80. MILLIAMP 
METER 500 MA. scaled 0 .500 mA . Price £2.30. AMPERE 
METER. Hot wire, scaled 0-9 amp . Price £2.30. DUAL RANGE 
VOLTMETER. Scale cal ibrated 0-10v and D-250v. Price £3.46. 

· ~1 MA METER IMA f.s .d. centre zero . scaled 100-0-100. Price 
£3.45. 
VU METER. Edgewise ~ounting, through h~le size. 1 3~ain x Va 1n 

~~Ftr~~ib~~~~~:l~8il~u0~i:~~~~ .aa~s~ ~:~~- z~~~ /~~=~ ;~~hs~~~:ri~a~o~ 
cal ibrated.6tn has very modern appearance . Price £2.88. 

BALANCE METER. Edgewise mounting 100 UA centre zero 
Price £2.30. 

1 'loin SQUARE PANEL METER. Eagle full vision plastic front . 
50 UA, Price £4.BO. 1 mA Price £4.03. 

WATERPROOF HEATING WIRE. 60 ohms per yard . This is a 
heating element wound on a f1bre g lass _call and then covered w1 ~h 
p .v .c . Dozens of uses- around water ptpes, under grow boxes . 1n 

gloves and socks . 23p metre. 

DIAL INDICATOR. As ' used in toolmaking and other precision 
measuring operations . the famous John Bull ac?ura_tely shows 
differences of .01 rnm A beautifully made precis1on ~~strume_nt . 
proce in most toolshops would be £12 -£15. We have a fa or quanmy 
Price£9.20. 
COMPONENT BOARD. Ref. WD998 . This is a modern fibreg lass 
board which contains a multitude of very uref~l . pa~ts, m?st 
important of which are : 35 assorted d iodes and rect1f1er.s mcludmg 
four 3 amp 400v types (made up in a bridge) . 8 transostors. type 
BC107 an, ' 2 type 8FY51 . electrolytoc condensers . SCR ref . 2N 
5062 25 Ouf 1 OOv DC and 1 OOuf 2 5v DC and over 1 OD othe~ parts 
including variable , f ixed an~ wire wound resiStors, electrolytiC and 
other condensers . A real smp at £1.15. 

PUNCHED TAPE EQUIPMENT for controll ing mach ine tools . 
etc .. motorised 8-bit punch with ma tching tape recorder . Ex 
computers believed in good work ing order. any not so wo uld be 
exchanged , £15 the pair . Carriage [3. 

FRUIT MACHINE HEART. 4 wheels with all fruits . motorised and 
with solenoids for stopping the wheels with a little 1ngenu1t~ you 
can defy your friends getting the· 'Jackpot'" £8.95 + £4 carr1ag~ 

DESOLDERING PUMP 
Ideal for removing components from computer boards as well as for 
service work generally. Price £6.35. 

4.CORE FLEX CABLE 
· Wh ite pvc for te lephone extensions. d isco lights . etc . 10 metres ~2. 

1 00 metres £15. Other mult icore cable 1n stock 

MUGGER DETERRENT. 

~o~i;=~~~rt.e x~~ps~~reu~~~;c:~nyg ~~~ticnh ,a~l~s~~~~~s~:tp~ ~a~~~6 
complete kit 

HUMIDITY SWITCH -
American made by Honeywell . The action of this dev ice depends 
upon the dampness causing a m~~brane to_ st retch and t_ngger a 
sensitive microswitch . Very sens1t1ve breath1ng on 1t for 1nstance 
will switch it on Micro 3 amp at 250V a c. Only £1 .15. 

V3 MICROSWITCHES 
Over 50 .000 in stock all 250 AC working . with 3 si lver contacts fo 
c l o c1rcui ts- 10 amp 25p each or £20 per 1 00 1 5 amp 35p each 
or £30 per I 00 

MAINS ADAPTORS 
Why use expensive batteries -
operate you r rad ios and eqUIP· 
ment from the ma ins with these 
unns 
- Sincl•ir gies 9v- 1 OOmA -
EZ.95. 
- Altai gives 6v 7 5 or 9 v 300 
rnA £3.115. 
-Crown give 6v 300mA 
£2.95. 
- Nixi• give 12v 750mA 
£3.95. 
These are all made up complete 
wit h ma ins lead . We can also 
supply Mains Trans istor Power 
Pack Kit for Voltage output any
t h ing from 3v to 16v up t o 
300mA - comple t e k i t w it h 
dou ble insulated ma ins tran s
former and fu l l i nstru c11o ns 
£1 .95. 

3.4mfd440V £1.00 8mfd440V £1.89 15mfd325V £1.77 
3.5 mfd 250V 77p 11 mfd 275V £1.52 20 mfd 275V £1.77 
5mfd570V £1.52 12mfd250V £1.52 32mfd250V £2.89 

MINIATURE 
WAFER SWITCHES 
2 pole, 2 way-4 pole, 2 way-3 
pole. 3 way-4 pole. 3 way-2 
pole, 4 way- 3 pole, 4 way- 2 
pole, 6 way-1 pole, 1 2 way. All 
at 48p each 

WATERPROOF HEATING 
ELEMENT 
13 yards length 70W . Self
regulating temperature control, 
£1. 

PRECISION MAINS OPERATED CLOCK 
For only £1.50 + 22p. Sounds unbelievable but that's what 
you can have if you send your order right away. The clocks 
which have large clear dials were made by the famous Sm1ths 
Company for use with their domestic cooker switch and are 
brand new and guaranteed . 

-----THIS MONTH'S SNIP--• 
A 3 wave band radio with stereo amplifier . Made for incorporation in a 
high-class radiogram, this has a quality of . output which . can only be 
descnbed as superb. It 1s truly hi· fl. The chass1s s1ze 1s approximately 141n. 
Pushbuttons select long, medium, short and gram . Two d1al lights for a 
scale the pointer being moved by cord drive. The other controls are 
balan'ce, volume, treble ai!d bass. The chassis is ready built with its own 
mains power supply. The output is 6+ 6 watts . Brand new and 1n perfect 
working order, offered at less than value of stereo amp alone, namely 
£6.90. Post £2. 

8 POWERFUL B~TTERY 
MOTORS 
For models, Meccanos. drills, remote control 
planes, boats, etc. £2. 

~;.'N~-~-E~~~~~ ~~~e :;~~dD£:.0TORS 2 watts type as 
fitted into time switches. machine controllers etc . We have a good 
selection and can offer the following final speeds : 1 r 24 hrs. 1 r 8 
hrs 1 r 4 h. 1 r h. 2 r h. 3 r h, 4 r h, 12 r h, 20 r h. 30 rh. 1 rm . 2 rm 

~;~T ~~T~~~~}h~~:~;."1~~~~~j~5;.,ains operated induciion 
motors with gearbox attached , th~ ftnal sh~ft ts a V2in rod ~1 th 
square hole, so you have alt~rnat1~e coupling methods -. f1~al 

~~t~~si~~f~~~ -fi~~e;;e~~r 1~~~g~c:n~~~~pr:~~~~pp~:l ml l a_r 
WALL MOUNTING THERMOSTAT by Danfoss has a really 
pretty two tone grey casE' w1th c ircular white scale and d1al. Sett1ng 
temperature from 0-30c - 13 amp 250v contacts . Price £4-60. 
EXTENSION SPEAKER CABINETS. Teak look black front , soze 
1 1on x Sin x 4 V21n approx . Price £2.00. Post £ 1.00. (We have 
larger ones). If you can call and col lect these these cab1nets you can 
save yourself the qui te considerable postage and you on ly have to 
buy a few to get a discount as welL The quantity d1scount for t_hese 
IS a spec1al rate of 25% if you buy ten or more_. Note these cab1ne~s 
are very good quality (made for Rank Aud10 Systems) the grill 
material is Dacron 
MERCURY BATTERIES . Bank of 7 mercury cells type 625 whoch 
are approximately 3/ain dia . 111 plastic tube . givmg a total voltage of 
1 0.·7. Be1ng a plast1c tube it IS very easy to break up the battery 1nto 
separate celts wh1ch could be used for rad1o control and s1mdar 
equ1pment. Carton of 25 batter1es £1 .15 + 85p post 
HALF-PRICE CABLE OFFERS. W~ have good stocks of 
Size Type Price Carriage 
mm lOll melreo 
1.5 Single £4.011 £1.75 
1.5 , All !Win £&.50 £2.76 
1.5 Flal:l-coro & E E9.75 £3.50 

4 Sillglo £7.50 
4 Fill twin £11.50 £4.00 
6 fill :!-core £32.50 £5.00 

16 Twin &E E79.11D £10.00 
ONCE AGAIN IN STOCK ex-G. P.O. reoiotence bridge. It os on 
fact an electron iC megger. wh1ch tests at a voltage of around 250 . 
thus revealing any leaky poonts . These musi have cost at least £1 50 
each to make . In a portable ligh t we•ght case . s1ze approx S1n )I _ S1n x 
9in Wtth a carrytng handle . Has two moving co1l panel meters which 
Q1ve clear readmgs of resistance from fract1ons of an ohm nght up to 
1 00 megs and then to 1nfini ty . We have two vers1ons of these 
1nstruments 1) 1s as good as new and checked and tested before 
despatch proce £22.50 + £3.38 . post £2 .50 . 2) Secon dhand 
models complete and bel teved to be m workmg o rder b ut not 
checked nor guaranteed . £12.50 + ( t 87 . post£2 50 
MAKING A CONVECTOR HEATER? We can offer a bank of four 
1 'r\W metal clad elements al l mounted on a 3m square uon p late 
By comparatively s1mple sw1tCh1ng 8 heat outputs rangmg from 
approximately 250 watts to 4000 watts ca n be ach1eved . The 
elements which have push on tag connectors . extend to a length of 
approx 17m from the1r mounting plate, so a relat ive ly compact 

PUNCH TAPE CONSOLES ~~f~1c~~vector hea ler could be made usong this Price E2.37 + 

Complete units, on desks. The 8 bit punch and reader are set in the top, below is G.P.O HIGH GAIN AMP/SIGNAL TRACER. In case measuoong 
the power units and electronics. The keyboard is a standard computer type USing only S'!.in x 3 '/oin x 1,/,in is an extremely hogh gaon (70DB) so lo d 
reed switches ASCII coded, has 72 encoded keys. Offered complete data, at £115 state amplifier designed for use as a sognaltracer on GPO cables etc 
each + carriage at cost. Used but believed in good order - any section not so With a radio it functions ve ry well as a sognaltracer. By connectong a 
would be replaced. Please telephone before calling to view. ~~f~e ~~~st~nt~~a~nda~~ ';._",~,kve~=tt~~~f~~dm:~:~n~ub/eo~~~~; s"o"c~e~~ 

HEATER UNIT , and on-off volume control . mou nted flush on the top . Many other 
A most efficient and quiet running blower-heater by uses include general purpose amp . cueing amp etc . An aboolute 

Solatron- same type as is fitted to many famous =~A~O:.:l~~·::·;~i:~~!~~hE~n ~:i'~:~en~g~oubt saved 
name heaters -comprises mains induction motor, many motorists from embarrassment in an emergency you can start 
long turbo fan, split 2 kw heating element and car oH mains or bring your battery up to full charge on a couple of 
thermostatic safety trip . Simply connect to the hours The kit comprises: 25Dw mains transformer.. two 10 amp 
mains for immediate heat. Mount in a simple br idge recfifiers . start / charge switch and full in_strucuons . Yo.u can 
wooden or metal case or mount direct onto base of, assemble this in the evening. box it up or leave tt on the shelf In the 

1 50 C t 1 garage whichever suits you best . Price £11.50 + £2 50 post 3KW MODEL say, kitchen unit . Price £6.95, post£ · · on ro MOUTH OPERATED SWITCH. Made for washong machones lo 
£8a95 switch to give 2kw, 1 kw , cold blow or off available control water level etc . th is 1s a sensttlve low pressu re dev1ce whtc~ 

+ £1 .50 P & P SOp extra ·operates th ree 1 pole changeover swotches at dofferent levels o 1------.-.,.---,---------,------,--...:....--------t pressure but all Wlthm a normal persons blowtng capactty - blow 
. M INI-MUL Tl ER gently •nto ot and No. 1 swotch operates . blow a lotlle stronger and 

No. 2 operates. blow harder still and No 3 operates The swttch tS 

j~~~~=l~~:r~~gs~~ 2~~~s~o; v m~~~~re~o~lc~ 7:tru men t, ~t' rt:J~~~~~~=d%e"1 ~~~:~a~;t~ r ~~::; r~~~~ s~~;;,~~~~~~~u 1g,~~et~~= 
11 instant ranges measure : construction . th•s 1s approx 3 '/4 •n d•a x 1 lfa1n th1ck - the a1r ent ry

1 
~ 

DC volts 1 0 , 50, 250, 1 000 . a pope appro• 3 / 16on doa - electro cal conta cts we estoma~e aS 
4 ACvolts 10, 50.250,1000. ampc . o a230volt -connectoonbypush ontags Order re o. R 

DC amps 0-100 mA. ~~c:~~::RED. For possoble blackouts and onterr upto ons on 
Continuity and resistance 0·1 meg ohms in two ranges . electroc•ty suprly th iS wonter Have some emergency_ loghtong 
Complete with Test Prods and instruction book showing nearby We sttll have the fluorescent outfits for operat1ng 12•n o r 
how to measure capacity and inductance as well. 2 ton tubes from 1 2V car battery and the p11ce os E4.65 BOp post 

Unbelievable value only £6.75 + 50p post and ~oL';~~~~RSt~t~~ei g:e~~~t~t,a;eo~~;~~sfo rm e r operated . odeal lor 
insurance . u sm q IO most alarm c~rcu l tS but l o r car and motor cycle alar~s 

FREE Amps ranges kit to enable you to read DC current from 0-10 amps, directly 
on the 0 - 10 scale. It's free if you purchase quickly but 1f you already own a 
mini-tester and would like one. send £2.50. 

T£RMS : C<~sh w1th order - but orders under £10 must add to offset pack1 ng . etc 
B4 LK ENQUIRIES INVITED - PHONE HAYWARDS HEATH 54563 

ACCESS & 8ARCLAYCARD ACCEPTED 

J. BULL (Electrical) LTD. 
(Dept. HE), 34-36 AMERICA LANE 

HAYWARDS HEATH, SUSSEX, RH16 3QU 

TheSe gtve a loud shntl note Ame r•c on m ade by Delta Alarm Pnce 

:J8T~~1~~~a~~~::.;~t:~1~ER . Chnstmas 1s com1n9 so you ve 
~101 to th1nk about your decorat1v~ hghll ng. to make th1s flash we 

~~e 01~!e~et~~;~~~~~~~~;~~e~o~~e~~~~2b!~~~n~O~nOU ~~~~~ o5fel~~~~ 
flasher changes every 2 seconds Either type [6. 90. 

~~~~s~~~dl:d~~~u~!~~~~~~~~able conversions to be picked 
up ~ith FM radio. Can be made in a matchbox- all electroniC parts 
and circuit £2.00. 

~~~~r-::~::s and garclen parties, allows complete freedom of 
movement. Play through FM radio or tuner amp. EI.SO. 
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£139 NEW! Thurlby 1503 high resolution . multimeter 
Greater resolution, greater accuracy, and greater versatility + YAT 

4% digits (+32,768 counts) 
lOuV, lOmB, InA resolution 
Oe05% basic DCV accuracy 
LCD, fully field portable 
7 functions including Frequency 
Outstanding price/ performance ratio 

Thurlby 1503 designed and built in Britain 

VALVES 
All Brand New. Not Ex Equip. 

EB91 £0.95 PL504 £.185 
ECF82 £.120 PL508 £2.00 
EF92 £3.50 PL509 £3.50 
PCL82 £1.15 PL519 £3.80 
PCL84 £1.1 5 PY88 £.095 
PCL85 £1.24 500A £2.00 
PCL86 £1.24 6V6GT £.1 65 

3in 8ohm 40w 1 300-20KHz 
£3.00+50p P&P 

5in 8ohm 15w 50-8KHz 
£5.25+£1 P&P 

6Yzin 8ohm 20w 40-2KHz 
£5.75+£1. P&P 

SPEAKERS 
6" 8ohm 
6"x4" 4ohm 

£2.00+£1 P&P 
£3.25+£1 P&P 

5Y2"x2%" 3ohm £1.25+60p P&P 

B.P.O. APPROVED Nylon cased 
metallised polyester capacitors . 
8017A s.n... .01uf, .015uf, 
.022uf, .033uf, .04 7uf, .068uf, 
0.1uf, 15uf, 22uf, 33uf, 47uf , 
68uf, 1 Out 2 . 2uf. 
8017B Series •. 015uf, .022uf, 
.033uf, .047uf •. 068uf, .15uf. 
.22uf, .33uf. 

Price on application 

LOW VOLTAGE ELECTROLYTICS 
6 . 3v 22uf 16v · 33uf 
6.3v 33uf 16v 1 OOuf 
6 .3v 47uf 16v 1000uf 
6 . 3v 100uf 16v 2200uf 
6.3v 330uf 25v 1 OOOuf 
10v 33uf 35v 2.2uf 
10v 47uf 35v 33uf 
1 Ov 1 OOuf 35v 1 OOuf 
10v 330uf ·sov 0 .47uf 
10v 1000uf 50v . . . 1'uf 
10v 3300uf 50v 3.3uf 
16v 1 Ouf 50v 22uf 
1 6v 22uf 50v 33uf, 

6.3v, 1 Ov & 16v. ALL AT 10p. 
25v 12p, 35v 15p, 50v 15p. 
Specilll ..... for qumtity. 
Buyers and Manufacture~. 

Protect that expensive equip
ment with a reBetable thermal 
overload cutout. 

Trip CUNni 2.5A. 4A. 8A. ..._to,_ £1.25 ea. 

We have 1 million resistors, 
assorted values and wattages. 
£1000 will buy the lot. 

PHILIPS 10 Button Universal Intercom 
telephone, attractive two tone grey and 
brown cradle type, complete with junction 
box. £7.50 ea. + £1 P&P. Ideal for small 
offices . 

Super qua to 
Reel Scotch brand empty 
spools. £3 for 1 0 + 50p 
P&P. 

Terms C.W . O . Add 15% 
V .A .T. Trade & Export en· 

Electronic . - ........ - . . 

Equipmen~ Co. Ltd. 
SPRINGFIELD HOUSE 
TYSSEN ST. 
LONDON E8 2ND 
PHONE 01-249 5217 
TELEX 8953908 EECO G. 

welcome. 

We cannot advertise all we 
sell, for reel bargains visit 
our warehouse and trade 
counter during the hours of 
9 a.m. to 5 p.m. Monday to 
Friday. You will lind us BE
HIND DALSTON LANE POLICE 
STAT.ION. All enquiries 
treated. with prompt atten
tion. 

Thurlby Electronics Ltd. 
Coach Mews, St. Ives, Huntingdon, Cambs. 
PEl7 4BN. ENGLAND. Tel: (0480) 63570 

1reprints 
'lf ybu are interested in a particular article) 
!special Feature or advertisement pub.lished in : 
. tt"lj~ is?ue of 

fWIRE~E$5 WORLD 
1why-~-~t t~k~-ad-~~~tag~- ~f -~-~r -r~p.ri~t s~rvice. 
Reprints can be secured at reasonable cost tq , 
your own specifications providing an attractive . 
and valuable addition to . your promotional ' 
material.-(Minimu'!l order 25Q.) · 

For further details-contact-
Brian Bannister, IPC Electrical-Electronic Press 
Ltd. Phone 01-661 8162 or simply complete 
and return the form below. 

--~~-~:_~Jill!!_ ~. -~·- .~ -~-.:__-~~~ -~~ 
ro Brain Bannister, Reprints Department 

Quadrant House, The Quadrant 
Sutton, Surrey SM 2 5AS 

f_ill'l}_ _inteies!~Qj'1_ __ __ . _. __ ' .... copies""of the article"/' 
;advertisement headed ---.- : ~ ........ featured .in , 

. - - -WTR-~LESs·w~o-RtD ·-·. -- · -~ 
~ on paqe(s)• .... inthe issu-e dated 

:Please send me- full details of your re~rirn service by 
1return of post. 
iNa me 

jcompany 
(Address 

Tel. No. 

FGAN presents DT -400 series from £159 + V.A.T. 

HIGH-QUALITY DUAL TRACE OSCILLOSCOPES 
A BRITISH PRODUCT EVERYONE CAN AFFORD 

Model DT-410 DUAL TRACE 5mv/div fOMHz@ .. _~1!i9 + YAT 
ModeUiT~4..[Z __ oTfAL.TRACE 5mv/div-- 1tMHZ.@.£172+VAT 

Modei.DT-41 5 DUAL -.:fRACE --.. -·5mv I div 1 ~M Hz@ £185 +_VAT 
SPECIFICAT_ION FCfRA[L~()DE'-S 

*,·CH1, CH2; - 5mv/div · ~ 20v/div in f2 ca11-2-5---· *TRIGGER: Level Control,± Slope, Bright Line AUTO, · 
steps. Input impedance 1 MO + 22pF NORMAL, TV Triggering CHI. CH2 0.5 div, EXT Trig 

ic BANDWIDTH: 10MHz(DT-410). 1TMHz(DT-412) 100mv 
15M Hz (DT-415) * zl'vioduTaticin-

* TIME BASE: 0.5~s/div-200ms/div in 18 cal steps 
X5 Expansion to 1 00 ns I div 
X5 Multiplier to 15/div 

* XY FACILITY: Matched Inputs X= CHI , Y = CH2 

* Cal output/probe ccimpensation . 
* Graticule blue ruled 8 x 10 div (6.4 x 8cm2 ) 

* SIZE: H215mm W165mm D280mm Weight 4.5 kg. 

PROBE (XI-REF-X 1 0) £11 .50 + VAT_ 

Q,dO<'-"" SAFGAN ELECTRONICS LTD. (Good• + 15% + £3 p. & p) "!\ '! 
56 iiTsho-p'sWood~St. John's, Woking, Surrey, GU21 3QB Tel: Woking 695-60 or Woking 66836 ' · 

Official Government and Educational Orders accepted. Distributprs required - .Please enqu1re ~~u, il•ilh ~<·n·•-

WW- 082 FOR FURTHER DETAILS 

DT-400 Series 

www.americanradiohistory.com

www.americanradiohistory.com
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A.C. VOLTMETERS 
BOONTON 
True R.M.S. Voltmeter 93A 
FLUKE 
AC/DC Differential Voltmeter 883AB 
HEWLETT PACKARD 
_Log Voltme._ter I Amplifier 7 563A 
MARCONI INSTRUMENTS 
A.C. Voltmeter 400EL 
Valve Voltmeter TF 2600 
·Valve Voltmeter TF 2604 
R.F. Millivoltmeter TF 2603 
PHILIPS 
A.C. Millivoltmeter PM2454B 
'ANALYSERS . .. -
BIOMATION 
Logic Analyser 1 6 50D 
GENERAL RADIO 
Vibration Analyser 1 911 A 
HEWLETT PACKARD 
Distortion Analyser 3 31 A 
Spectrum Analyser 141T 

c/w 8552A & 8554L 

£375 

£975 

£~25 

£225 
£175 
£250 
£525 

£225 

£3600 

. £1750· 

£450 
£4350 

Network Analyser System 8407 A+ 841 2A 
c/w 8600A+8601 A Sweep Marker 
Generator 1OOKHz-11OM Hz range . £3500 

. Swept Amp I itude Analyser 1 8 2T + 8 7 5 5A 
15MHz-18GHz. £2500 
TEKTRONIX 
1 L5 Spectrum Analyser Plug In 
BRI.DGES - . ----

£8SQ 

Avo 
Electr()lyt~£.C::apacitance Bridge CB 1 54 I 4 £500 

· BOONTON • 
VHF 'Q' Meter. 280AP. 
(210-610 MHz) 
Inductance Bridge 63H 
GENERAL RADIO 

£650~ 
£2750 

I!Tlmitance Bridge 1607 A ~?_!;()__ 
MARCONI INSTRUMENTS . . . . . _ 
'Cl' meterTF1245 c/w TF1246 and fF1247 

RHODE AND SCHWARZ £ 9 50 
Inductance Meter LRT £475 
Capacitance Meter KRT £475 
WAYNE KERR 
A. C. Testamatic A60 
Universal Bridge 8221 (0 . 1 %) 

D.V.M.s AND D.M.M.s 
DATRON 
5% digit D.V.M . 1051 
FLUKE 

'31}; dlgit'D)JI.M. 8020A 
6V2 digit D.M.M. 8800A 
5V2 digit D.M.M. 8800A-01 
HEWLETT PACKARD . . . 

£900 
.£225 

£995 

£99 
£495 
£575 

5V2 digit D.M.M. 1!J.V r~solu~io_!:! 3499~- £_515 
PHfLIPS' -- - -
Autoranging D.M.M . PM 2514 £125 
4 digit D.M .M. PM 2524 £225 
Autoranging D.M.M . PM 2527 . £400 
SCHLUMBERGER 
5V2 digit D.M.M . A243 £425 
Microprocessor D.M .M 7065 £950 
As above with processor option £1250 
Microprocessor D.M.M. 7055 · £850 

_As above with processor opt~on __ .. . . £11_ 50 
FREQUENCY COUNTERS 
ADVANCE 
500MHz Counter TC 15 & TC 15 P1 £495 
FLUKE . 
250M Hz Multifunction ~ounter 1911 A-0 11 

£325 

HEWLETT~
PACKARD., 

Generator/ 
Sweeper 
8601A 
c/wMarker 

-Generator 
8600A 
100KHz-110MHz 
5 Marker 
Freqs 

WIRELESS WORLD DECEMBER 1980 

USED 

~~;,.··MARCONI INST'IfOMEN'TS 
M. F. Attenuator TF 2 162 
DC-1MHz 0-111 dB 600Q 

QUICK DELIVERY
QUANTITIES 
AVAILABLE 
FULL WARRANTY 

. -
• ~~" •.1!\ 4i..: 4l1 11\'.: . ' 

•• HEWLETT PACKARD 
. Digital Oscillator 4204A 

10Hz-1MHz 0.2% Freq. 
1 
accuracy. Accurate 80 db 
output attenuator 
Flat freq. response. 
Provides accurate 
stable test signals for 
laboratory or production 
use 

' AVO 
Multimeter Model 8 Mk V 
superb condition and fully 
calibrated 
(Supplied without leads) 
Q(JA.NTITIES AVAILABLE 
-EX-STOCK DELIVERY 

Electronic Brokers Ltd., 61-65 King's ·cross Road, Lon.don WC1X 9LN. Tel; OJ-278 M61. Tele)(: 298694 
Unless otherwise stated all equipment offered in the E-lectronic Brokers advertisement.'is refurbished and. In the case of Test 
,Equipment also calibrated. Test equipment is guaranteed for 12 months; computer per.pherals for 3 months. 
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500MHz Multifunction Co~nter 1 91 2A £395 
125MHz Multifunction Counter 1925A £350 
PHILIPS 
520MHz Univ. Counter/Timer PM6614 £395 
~OM Hz. Freq. Counter PMRR64 £2,5.0 -. 
OSCILLOSCOPES 
_f_9~~9_R .. _ _ __ _ _ __ ..... . , . 
4100 75MHz Portable Dual Trace, Delayed 

;Sweep. 30-day warra-nty. · Only £450-
-HAMEG - . - -
HM 312c 7 DC- 1OM Hz Dual Trace (New) 

£200 
HEWLETT PACKARD 
r75 MHz Dual Trace 1707A £600 
High Sensitivity Single Trace 130C £250 
·-176-78 75MHZPorfa6re -buaf Trac~. ·oeTav~d· 
Sweep, 30-day warranty . O.t)ly £650 
MARCONI INSTRUMENTS -
X-Y Display TF 2213/1 c/w Memory Unit 
TK 2214 £790, 
'PHILIPS 
25MHz Dual Trace PM 321 2 £625 
PM3260E 120MHz Dual Trace, 
,l~ei'!Y~d S_w~~p 1 Only £975_ 
S.E. LABS 
6 Channel Monitor SM 1 21 £395 
TEKTRONIX 
465 1 OOMHz. Spec. similar to 465B but no 
alternate sweep. £1195 
35MHz Dual Trace T932 £550, 

.·w. Diff. Plug In £295 
1 A6 Plug In £199 
TELEQUIPMENT 
D75 50MHz Portable Dual Trace, Delayed 
Sweep 2 Only £715 

REctni·oe·Rs· 
BRYANS SOUTHEERNN 
40000 12 channel UV Recorder plus 2 Off 
40501 galvo amps. 6" chart width. Grid and 
timing lines. Superb condition £950 
PHILIPS 
Single Channel Recorder PM 8110 £195 
RACAL 
Store 4 FM Tape Recorder, 4 tracks DC-20KHz, 
7 speeds. £1950 
S.E. LABS 
3006 12 channel UV Recorder. 6 " chart width. 
Grid and timing lines £5~0 
.601 i 50 channel UV Recorder 12" chart width. 
Servo paper drive up to 5 Mtr I Sec. Two event 
markers. Trace identification 1 Only £1100 

WATANABE 
6 Channel Chart Recorder MC 641 
YOKOGAWA 
Chart Recorder 304 7 

SIGNAL SOURCES 
HEWLETT PACKARD 

£2250 . 

£450 

H.F. 'Signal Generator 6068 £1500 
AM/FM Signal Signal Generator 86408 (Opt . 
002) 0 . 5-1 024MHz £3650 
Variable Phase, Sine and Signal Generator 203a 

£495 
Osci llator 1 OHz-1 OM Hz 6 51 B £415 
V.H.F. Oscillator 3200B £400 
U.H.F. Signal Generator 612A £850 
V.H .F. Signal Generator 608F £450 
Phase Lock Synchroniser 8709A £475 
.RF Sweeper I Marker Generator 8 6-00A + t 

8601 A. 1OOKHz-11OM Hz. 5 marker 
.frequencies. £1500 

121 : 

I ::-1 --
IP EN 

MARCONI INSTRUMENTS 
AM/FM Signal Generator TF 9958/2 (0 .2 to 
220MH~ £675 
lA. F. Oscillator TF 2000 £325 
!A.F. OscillatorTF 2100 £150 
A.M. Signal Generator. TF801 D/8S £550 
L.F. OscillatorTF 2102/1M1 £195 
U.H.f. Signal Generator TF1 060/3 £650 
Two Tone Source TF 2005R £295· 
H.F. GeneratorTF 144H/4 £750 
:n2"b028 AM /FM Sign~! Generator. 1OKHz-
82MHz. . 1 Only £1200 
PHILIPS 
Function Generator PM 51 08 
;Function Generator PM 51 2 7 
'Function Generator PM 51 6 7 

TELONIC 

£250 
£395 
£~00 

R.F. Sweeper 2003 c/w 3302, 3331, 
3341,3351,3360,3370 (1-300MHz) £1150 

·MISCELLANEOUS 
ADVANCE 
Constant Voltage Transformer CVN 1 OOOA £65 
Oft&r Frequency Standard OFS 2B £95 
.AVO 
'Valve Tester VCM 1 63 
BRADLEY 
AC Calibrator 125B 
DC Calibrator 1 268 
.BRUEL KJAER 

£475 

£475 
£250 

Sound Level meter 2 203 & Microphone 41 4 5 

DATALABS 
£395 

Power Line Disturbance Monitor DLO 19 £175 
FLUKE 
DC Differential Voltmeter 895A £950 
332A DC Voltage Calibrator 0.003% Calibration 
Accuracy 0.1 PPm resolution £1750 
GENERAL RADIO 
Sound Level Meter 1933 
Cassette Recorder 1 93 5 

£1000 

·Recording Sound and Vibration Analyser 

1 OKHz-25MHz £1700 
Level Measuring System. D2074/W20.74/ 
G 2006 £2600. 
·carrier Frequency Level Test Set 
W2007+D2007, 6KHz-18.6MHz. £1750 
.TEKTRONIX . .. . . ~ 

Puls_e c;J~ne!a.!Qr 21 0 1 . £420 
TM515 Main Frame c/w FG50·4· 0.001 Hz: 
40MHz function generator. 2 Off PS503A Triple 
Power Supplies. £1250 . 
T M 51 5 Main Frame c I w S C 50 2 1 5 M Hz . 
Oscilloscope. FG503 1.0Hz-3MHz Function . 
Generator. DM502 JV2 digit DMM. DC503 
1 OOMHz Counter · £1495 
WANDEL & GOLTERMAN 
,Andimat (2MHz system) 
-Pattern generator PFG-1 
-Digital Error Detector PFM-1 
WAVETEK 
Sweep Generator 1 3 5 
Programmable Phase Meter 755 

·poWER SlfP-PifE!f 
ADVANCE 
PMA47. 0-15V@ 3A (Presetable). 
PMA 50. 0-15V@ 5A (Presetable). 
PMA '53 . 0-1 5V@ 1 OA (Presetable). 
MG 5-60 5V@ 60A (Switching) . 
MG 5-20 5V@ 20A (Switching). 
MG 5-10 5V @ 1 OA (Switching). 
'MG24-12 24V@ 1 2A (Switching). 

£9500 
£995 

£1495 

£275. 
£550 

£37 
£45 
£65 

£160 .. 
£120. 

£95 
£130 

19f1A . £1250 ...... 
HEWLETT PACKARD 
DC Microvolt-ammeter 425A 
AC 1 DC Differential Voltmeter 7 4 1 B. 
Vector Impedance Meter 481 5A 
S Parameter Test Set. 8745A 
Insulation Resistance Meter 4329A 
MARCONI 
A. F. Power Meter TF 893A 
Transmission Test Set TF 2332 
Transmission Test Set TF 2333 
'P.C.M. Regenerator Test Set OA 2805A 
P.C. M. Multiplex Tester TF 2807 A 
RHODE AND SCHWARZ 
Stereocoder MSC 
S.E.I. 
Super 50 Selectest 

£250 
£695 

£1950. 
£2750 

£500 Only 9 months old SP3 200A 
-' Infrared Spectrophotometer. 

£185 
£425 Pye Unicam. Ratio Recording Type . Still und-er 
£600 warranty. Current List Price £5150. 

£2700 ON(Y £3950 
£1500 Also available 1 5 ton hydraulic Press with Safety 

GuardS. 
£850 

£11 
ONLY SMALL SELECT-ION 
OF OUR VAST STOCKS 

SIEMENS 
Carrier-Freq . 'L.M .S. D2021 /W2021 /G2021 SHOWN HERE 

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~m~~~~ 

12-MONTH WARRANTY 
·All Second User Test. Equipment is fully guaranteed for · 1 i , 
months unless otherwise stated. 

Electronic Brokers Ltd., 61-65 King's Cross Road, London WC1X 9LN. Tel: 01-278 3461. Telex:' -298694 .. 
Hours of Busine~~: - 9 a.m-.-5 p. -m ., Mon .-Fri. Closed lunch 1-2 p.m 

·Add 15% VAT to ALL PRICES 
A copy of our trading conditions- is available on request. 

Carriage and Packing charge extra on all items unless otherwise stated. 
ww _:_ Ml FOR FURTHER DETAILS . . 
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DEC MEMORY - BARGAIN 
OFFER 
MM 11 DP 16KW core (ex DEC-maintained 

11 34 systems)O N L Y £395.00 
DO 11-CK 4-slot backplane ( 11 I 34) · 

. ......... . .......... £175.00 
H775-C8 Battery Back-up ... £525.00 
KA8E Positive 1/0 (8E) ...... £95.00 
KD8E Databreak (8E) £145.00 
KL8JA Asynchronous I I 0 (BE) £275.00 

·KL8E Asynchronous I /0 (8E) . £250.00. 
KP8E Power Fail (8E) ....... £95.00 
LAII-PD 180 cps matrix printer £1250.00 
M7850 Parity Controllers ... £185.00 
MF11 L 8KW Core including 9-slot system 
unit . . . . . . . . . . . . . . . . . . £975.00 
MM11 LP 8KW Parity Core .. £750.00 
MM11YP 32KW Core Memory £1750.00 
MSV11 C 16KW MOS Memory (LSI11) 

. .. . . ..... . .... ... . . . £495.00 
MS11JP 16KW MOS Memory £895.00 
PDP 11 I 34 Processor, 10 112" chassis, 
128KW MOS, DL 11 W, KY 11 B £6950.00 
PDP11 /40 Processor with 32KW parity 
core, KT11 D Memory Management, DL 11 
Interface 6ft cabinet ...... £4950.00 
PR 11 High speed reader & control 

... . ................. £925.00 
REV11 Bootstrap (LSI11) . . . . £75.00 
RK05F Add-on disk drive ... £2250.00 
VT55-FB Graphics Terminal with integral 
hard copy ... . ...... . .. £1850.00 
PDP8E Series modules - large stocks of 
option modules, add-on core, CPU boards 
etc. all at reduced prices. 

PDP11 /04 PROCESSOR 
10Y2in chassis. 16KW MOS DL11W. BRAND 
NEW £4,500.00 (Can be enhanced to 28KW). 

SCOOP BULk 
PURCHASE OF 
HAZELTINE VDUs 
HAZELTINE H1000 
vou 
12 x 80 Display Upper Case ASCII 
RS232 Interface Choice of Baud 
Rates 
SUPER VALUE 

HAZEL TINE H2000 
VDU 
Superb spec including 
full XY Cursor 
Addressing and edit facility, 2 7 x 
74 Display. 
Upper Case ASCII RS232 Inter
face Switch-Selectable Baud 

- Rates 

E299 
+VAT 

go-daV 
warrantY 

HAZELTINE · 
MODULAR ONE VDU 
Now with Upper /lower case, XY 
Cursor Addressing 
24 x 80 line display. Upper I 
Lower Case ASCII. Detachable 
Keyboard. RS232 Interface. XY 
Cursor addressing. 

WIRELESS WORLD DECEMBER 1980 

us 

iEiectronic Brokers Ltd., 61-:65 King's Cross Road, London WC1X 9LN. Tel.: 01-278 3461. Telex: 298694. 
Unless ~therwise stated all equipment-offered in the Electronic Broker~- advertisement is refurbished and in the case of Test 
,Equipment also calibrated. Test equipment is guaranteed for 1_2 months; computer peripherals for 3 months. 
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p REQUI 

. PRINTERS 
CENTRONICS 101A 
Heavy Duty Matrix Printer with 64 ASCII upper 
case character set. 165 cps operation. 132 print 
positions with adjustable tractor feed. 7 x 9 dot 
matrix, parallel input. 
£750.00 

· ASR 33 TELETYPE 
Input/Output terminal incorporating paper tape 
punch and reader. 64 ASCII upper case character 
set. 110 baud operation, even parity keyboard 
choice of RS232 or 20mA interface. NOW 
ONLY £595.00. Options: ICL-type keyboard 
£50.00. 8th level marking £25 .00. Remote 
reader control £50 .00 . Reader step £20.00. 
Auto reader £25.00. Pedestal £30.00. 

GE TERMINET 1200 RO Printer, 80 col
umns, tractor feed, upper I lower case, 
ASCII, 20mA Interface .. . .. £325.00 

HAZELTINE THERMAL PRINTER, 80 col
umn 30 cps silent RO printer with parallel 
TTL input · £395.00 

TALLY 1602 MATRIX PRINTER, Parallel 
Input, Upper /lower case, Tractor feed, as 
new · £995.00 

TERMIPRINTER 7075 RO Impact Printer, 
Upper /lower case, pin-feed, RS232 

£275.00 

TEXAS 725 Portable Terminal with acous-
tic coupler £625.00 · 

TEXAS 733 ASR Terminal £1375.00 

LOW COST PRINTER OFFER 
Teletype 33 printer mechanism including case 
but no keyboard or electronics, 64 upper case 
ASCII 10 cps Pinfeed platen, ideal for the elec- · 
tronic hobbyist. . .......... only £85~00 

MISCELLANEOUS 
DIGITR()NICS P135 paper tape punches. 
35 cps. Solenoid device with 27VDC coil 

£95.00 
FACIT 4070 Paper Tape Punch £675.00 

HEWLETT PACKARD 
PROGRAMMABLE 
CALCULATOR 
MODEL 9830A 
8K Memory. Extended 1/0 ROM. String Vari
ables ROM 4. Peripheral interfaces (1 serial. 3 
parallel). . . . . . . . . . . . . PRICE £1995.00 

MONITORS 

EMI MONITOR 
15in Diagonal Tube Integral Power Supplies 
accepts composite or separate video input. 
BRAND NEW SURPLUS. Price £100.00. 

BALL MIRA TEL TTL 15 
1 5in Diagonal green phospher tube. Integral 
power supply . Requires separate horizontal and 
vertical video input. BRAND NEW SURPLUS 

.. . . .. . . ................ . . £75.00 

NEW CATALOGUE 
JUST OUT 

Send for FREE COPY 

NEW ASCII KEYBOARDS -
NEW LOW PRICES 
KB 771 Superb 71-station ASCII Keyboard 
incorporating separate numeric I cursor control 
pad and installed in custom-built steel enclosure 
with textured blue enamel finish. Ideal for the 
VDU builder. Case dimensions 17%" X 7%" X 
3%". Total weight 4kg. PRICE £89.50 
(mail order total £108.1 0) . 

Mail 
Order 
Total 

KB756 56-station ASCII Keyboard mounted on 
P.C.B. . . . ........... £45.00 £53.48 
K8756MF As above, fitted with metal mounting 
frame for extra rigidity ... £49.50 £5.8.65 
K871 0 1 0-key numeric pad, supplied with 
connecting cable .. ...... £8 .00 £9.78 
KB701 Plastic enclosure for KB756 or 
KB756MF . . . £12.50 £15.24 
K8702 Steel enclosure for KB756 or KB756MF . 

£18.00 £23.00 
KB2376 Spare ROM Encoder£12.50 £15.24 
KB15P Edge connector for KB756 or KB756MF 

£3.25 £4.31 
DC-512 DC convertor to allow operation at 5V 
only (plugs in to P.C.B.) .. . £7.50 £9.20 
DB25S Mating connector for KB7 71 

£4.25 £5.46 
PERK 56-station ASCII Keyboard for PET com
plete with PET interface, built-in power supply 
and steel enclosure .... £145 .00 £172.50 

Discounts available for quantities 

~~~~~~ij~~~~~~~~~~~~~~~~~~~~~~~~oo~~~~~~~~~~~~i~~~ooiij~~~~~~~~~~~~~~~~~~~ 
90-DAY WARRANTY ~ 

SECOND-USER PRINTERS AND TERMINALS 
ARE COVERED BY FULL 90-DAY PARTS AND 
LABOUR WARRANTY UNLESS OTHERWISE 

~ STATED. 

Electronic· Brokers Ltd., 61-65 King's Cross Road, London WC 1 X 9LN. Tel.: 01-278 3461. Telex: 298694 · 
Hours ot Busmess : 9 a.m .-5 p.m .. Mon .-Fri . Closed lunch 1-2 p .m. A copy ot our trad rng conditions is avarlable on re>oul·st· , I 
Acid 1 s ·;., VAT to ALL PRICES Camage and Packing charge extra on all items unless otherwtSt' stcJtPd ) 
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POWERACE THE MOST 
EXPENSIVE 
BREADBOARD 
IN THE 
WORLD 

Three poweraces that give you the 
ultimate in b readboarding. Built in 
power.supplies and a FREE logic 
probe is bu ilt into MODEL 102 

POWERACE 101 923221 £61.30 
POWERACE 102 923222 £95.80 
POWERACE 103 923223 £95.80 

WIRELESS WORLD DECEMBER 1980 

· SUPERSTRIP SS2 THE BIGGEST SELLING 
BREADBOARD IN THE WORLD 

........ :: : .l ~ 
;N::::.:: :.: ~: .: ::: 

W hen you buy a SUPERSTRIP BREADBOARD you buy a breadboard to last you 
f6r ever, we give you a LIFETIME guarantee. SUPERSTRIP is the most used 
breadboard by hobbyists, professionals and educationalists because it gives 
you more for you money ... With 840 contact points SUPERSTRIP accep~s all . 
DIP's and discrete components and with eight bus bars of 25 contact po1nts 
each SUPERSTRIP w ill take up to nine 14-pin DIP's at any one time. 
You should on ly buy a breadboard once so buy the bigge~t seller w ith a lifetime 
guarantee. 
SUPERSTRIP SS2 923252 PRICE INCL VAT£9.78 

DIP-DIP-DIP-DIP-DIP JUMPERS TEST-CLIP TEST-CLIP 
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK 

• EX-STOCK DELIVERY 
• 5 STANDARD LENGTHS 

6,12,18,24,36" 
• WITH 14, 16,24,40CONTACTS 
• FULLY ASSEMBLED AND TESTED 
• INTEGRAL MOULDED ON 

STRAIN RELIEF 
---:.... ---~- • LINE BY LINE PROBEABILITV 

Clip an APTEST-CLIP over an IC and 
you immediately bring up all the . 
leads from the crowded board into 
an easy working level. 

SINGLE-ENDED 

CONTACTS 
14 
16 
24 

24" 
£1 .67 
£1 .89 
£2.74 

DOUBLE-ENDED all prices 1- 9 off. Huge discounts for quantity 

CONTACTS 6" 12" 18" 24" 36" 
14 
16 
24 

£2.11 £2.21 £2.31 £2.43 £2.63 
£2.33 £2.45 £2.58 £2.66 £2.97 
£3.45 £3.62 £3.78 £3.94 £4.30 

22 NEW AP TEST -CLIPS TO PICK 
FROM 
examples: 

40 £4.38 40 £5.31 £5.61 £5.91 £6.22 1£6.81 

TC14 
TC 16 
TC24 
TC40 

923695 
923700 
923714 
923722 

£2.76 
£2.91 
£8.50 
£12.88 We can supply DIP, SOCKET, PCB, CARD-EDGE in any style any quantity ask 

for free catalogue. 

Until now hobbyist s had to buy professional solderless breadboards for their projects and pay professional prices. But 
now there 's EBBO a brand new total breadboarding system thats not only economically priced but offers far more 
advantages to hobbyists and schools. At the core of the system are two starter packs, one for discrete compone~t projects, 
the other for integrated ci rcu it (IC) projects. Each starter pack .comes with a number of EBBO system modules f1tted 1nto a 
tray and an illustrated booklet which gu ides you step by step in building ten projects . Building a project is simple because 
the modules are colour-keyed and letter/number indexed and because EBBO is expandable, you can add to your system 
as many of the available compat ib le m9dules. For schools and beginners we have a complete step by step approach to 
teach yourself elect ronics consisting of five basic electronics books and the discrete starter pack. So come along to 
BREADBOARD 80 and build some projects yourself. 

BASIC INTEGRATED CIRCUIT STARTER PACK 
The IC Starter Pack includes two terminal strips, two distribution str ips and a spacer/support str ip already in an EBBOtray, 
ready for use. A free project booklet containing ten IC projects with step-by-step instructions completes the pack. 

IC-1 Starter Pack £4.24 

BASIC DISCRETE COMPONENT STARTER PACK 
T h is Starter Pack cont ains a tray, discrete component strip, battery holder and connecter and project booklet with ten 
projects. 

DC-1 Discrete Starter Pack £4.67 

WW- 118 FOR FURTHER DETAILS 
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* RAM AND EPROM STAR OFFERS * . gen's motors, peripheral 
plies scopes. Slg. ' 

transformers, power sup , onents variacs, keyboards, 

equipment, l.~.'s, t?ols, c~6 . u·ssub-assemblies + tho.usands of 

transistors, mlcroswltches, e fraction of our vast range, IS 
27 1€? Single 5v rail EPROMS .... . . . . . .. . . . ..... ..... . . . . : ............... £10.25 
2716 Three rail EPROMS ..... .. .. . . . . . .. . . . . .. . . .... . .. ... . .. . ... ...... £ 8.50 lc l ines Just a mer 
2708 EPROMS ... .... ... ... ... . . .. .... . .... . . . .... . ... . . .. . . .... . . . . . £ 4.95 9ther stoc . .' 1 OO's of bargains f or callers . 

displayed below· 4116 16k x 1 200 n s RAMS 8 for . .. .. .............. . .. . .......... . ..... £28 .50 

TELETYPE ASR33. ICL TERMIPRINTER SCOOP PURCHASE EX STOCK 
1/0 TERMINALS 300 BAUD TERMINALS g· VIDEO MONITORS 

SOFTY 

£235 : ~!~ 
Fully fledged industry standard ASR33 data ter
miRal. Many features including : ASCII keyboard 
and printer for data 1/0, auto data detect circuitry , 
RS232 serial interface, 11 0 baud, 8 bit paper tape 

, punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage . Sup
plied in good condition and in working order. 
Options : Floor stand £12.50 + VA T 

Sound proof £25.00 + VAT 

GIVE 
YOUR 
M.P.U. 

A HOME 
ONLY 
£9.95 
+ 1.85pp 

Superb professional fully enclosed, made for the 
G.P. O. to the highest standard, offered at a 
fraction of their original cost they feature 
aluminium sides, hinged removable front panel, 
which can be secured by 2 screws to prevent 
prying fingers. All are finished in two tone G. P.O. 
grey and although believed brand new may have 
minor scuff marks / scratches due to bad storage. 

16"0 X 

Well, not exacdy talk, but communicate over a standard dia~up G.P.O. 
line with any other modem. The modem unit 2A is housed in an 
attractive fibre glass case measuring only 15" w x 13" d x !th, inside 
are the electlonics and mains power supply which enable serial 
duplex data communication between terminaiiGomputer etc. at any 
speed up to and in excess of 25ll baud (300 at a push!. Made to the 
most stringent, exacting spetification for the G.P.O. These units 
feature Modular plug in P.C.B.'s, internal test points, Standard tone 
frequencies, !;onfigureable to terminal or computer end, Auto unat
tended answer, RS232/V24 interface on standard 25 way '0' socket. 
etc. etc., supplied complete with 
dilgs., at a fraction of their £55 00•£4 50 
original cost at only • CARR. 
IIIOTE: Units believed working, but untested, unguaranteed. Per
mission may be required for connection to G.P.O. lines. 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mixed semiconductors, include 
transistors, digital, linur I. C. 's, triacs, diodes, bridge 
reca. etc . etc. All devices guaranteed brand new, full 
spec . with manufecturiiB marfo:ings, fully guaranteed,. 

50+ BAG £2.95 100 + BAGS£5 .1 5 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of I. C.'s, Transistors, 
Relays, Cap's., P.C.B.'s, Sub-assemblies, Sw itches, 
etc. etc. surplus to our requirements. Because we • 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME'' 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times whet you 
pay plus we always include something f rom out ads. 
for unbeatable value! ! Sold by weight 

2.51ds£ 4.75+pp£1.25 !ildll£ 6.75+pp£1.80 
111ds £11.75+pp £2.25 2M! £4.75 

ONLY 
£57.50 ~AT 

SOFTWARE D EV ELOPMENT 
SYSTEM , INVALUABLE 
T OOL FOR DESIGN ERS, 
HOBBYIST S ETC . 

Made under licence f rom the world famous GE Co . 
The ICL Termiprinter is a small attractive unit with 
so many featu res it is impossible to list them in the 
space ava ilable ! Brief spec . as follows; RS232 
serial interface, switchable baud rates 11 0. 150, 
300, 130 cps), upper and lower case correspond
ence type face, standard paper, almost silent run
ning, form feed, electronic tab settings, s\lited for 
word processor applications plus . many more 
features . Supplied in good cooqition and in work
ing order.' Limited quan 

Made by the hrmous MOTOROLA CO. ·The 9" video monitor 
type )(M226·16 is a self contained unit featuring a quoted 
bandwidth of 10Hz to 10MHz with 800 lines resolution 
at the screen centre. The printed circuit board and 
power transistors are both plug- in for ease of servicing. 
All controls are easily accessible from the rear. By con 
nection of any 75fl composite video signal and 12v D.C. 
you have a professional monitor. to do any MPU/CCTV 
system proud! 

Enables "open heart surgery" 
on 2708 , 27 16 , etc, Blows, 
Copies, Reads EPROMS or 
emulates EPROM /ROM IN 
S ITU whilst d isplaying con
tents off ROM/RAM on a 
domestic TV receiver. - A host 
of other features. 
Write or phone for more details. 

£115 + VAT & CARR 
PSU£20+ VAT 

Supplied BRAND NEW complete with £ 57 50 
circUits at only • +VAT You' ll never regret buying a 

SOFT Y ! Specia lill\ carriage and insurance £7.50+VAT. 

LED DIGITAL ALARM CLOCK MODULE 
•12HOUR •50 /60HZ •LARGEDISPLAY •100'sOFU$ES 
The same module, NATIONAL MA1012, 
used in most alarm clock/ radios on the 
market today, the only difference is our 
price ! GIANT -r L ED characters give 

BRAND NEW 
8" FLOPPY DISK DRIVES 

SHUGART SA800 £225.00 + carr + VAT. 
SHUGART SA80 1 £245.00 +carr+VAT 

extremely clear viewing and readabil ity. 5V D.C. POWER SUPPLIES 
All electronics are self-contained on a 

P.C .B . measuring . only a·x 1f. By - Following the recent " SELL OUT " demand for our 5v 
addition of a few switches and 5/16 volts A .C. you have a multi· 3 amp P.S.U .' we have managed to secure a large quan-
f unct ioh alarm clock at a mere fraction of cost. Dozens of functions tity of ex-computer systems P.S.U.'s with the following 
include snooze timer, am-pm, alarm set, power fail i ndicators, flashing spec.; 240 or 110v A .C. input. Outputs of 5v @ 3-4 
seconds cursor, modulated alarm output, dimmer control, etc, et c, amps, 7 .2v @ 3 amps and 6 .5v @ 1 amp. The 5v and 
Supplied brand new with full data. at Bnly £5 • 2· 5 7 .2v outputs are fully regulated and adjustable with 

variable current limiting on the. 5v supply .• Unit _is se!f 
transformerformains £1.75 •----------1 contained on a P.C.B. measunng only 12 x 5 x 3 · 

deals this year. This ous printer is listed 
at over £1800 and judging by the quality 
workmanship we are not surprised . The 
Logabax DZM180 Matrix printer, capable of 
printing up tO 132 characters per line on any 
size (via variable tractor unit) sprocket fed 
fanfold paper. A precision matrix head utilising 
ruby bearings gives exceptional ly clear 
uniform legible characters via standard ribbon. 
Many other features include internal buffer, 
for high t?roughput, in excess of 180 
characters per-second, software controlable 
form and' tab functions, standard TTL parallel 
interface, etc. etc. 
Supplied brand new and boxed at only 

£599.00 plus VAT* 

The 7 .2v output is ideal for feeding "on board" regu
lators or a further 3 amp LM323K regu lator to give an 
effective 5v@ 7 amp supply. 
Supplied complete w ith circuit at only £1 0 .95 +£1 .75pp . 
Believed working but untested, unguaranteed. 

KEYBOARDS 
* 

Optional extras A spec.al bulk purchase enables us to alter the abowe keyboard i l i 
Floor stand las pictufe) £30 .00 plus VAT Paper handler £18.00 plus VAT lowest ewer price. 49 coded keys encoded mto 1 d1rect TIL compat1ble 

•
. ·.caiilriiriaiilgile•-•piilleliaiiitseileilnliqiluillllire•foiilrllllisilpeiiiciiifilicliquiloiiteii. _____________ ... 1 btl output. f u tures such iS delayed s!fobe. 5 walt D.C. Single ra11 

operation alld rollover protection make th1s an absolute must for lhe 
MP\J constructor! Su1111lied complete with connection diagram and edge THE " MULTIVOLT" MULTI RAIL P.S.U. 

This has got to be the power supply to end all your M.P.U./LAB supply requirements. 
Recently made by the famous "WIER" Co Ltd to the highest professiQnal specifications. 

With an original cost of over £200 the supply features every possible form of 
protection. full regulation, over voltage and current limit and just look at these 
outputs; it may have been made to your specifications! 

+ 5 V at 12 Amps + 30 Vat 2 Amps + 5 Vat 4.5 Amps 
t 5Vat4Amps - 12Vat2.5Amps + 12Vat2.5 .Amps 

you agree! then order now whilst stocks last. 
- 9Vat 1 Amp 

Supplied ~~t~ND NE~:t only £59·99 CARR.& INSUR.£675 

coMector. at a secondhand • 

6metotest" £20·00 + P.P. £1.60 
- of only 

SUPER CASED ~EAStON Same as above spec. but hoosed in .attractive 
two tone moulded, free standing case. Unit also includes an all TIL parallel 
to serial convertor (no details! etc. 

Plugs, Sockets Et Connect ors Cannon ' D' Range 

v;ays (,l~oll.J s(,C,~~ 
15 £1.17 £2 .01 
25 £1.72 £2.58 
37 £2.35 £4.1 4 
50 £2 .90 £5 .46 

Dept W. W. 64-86 Me1fart Rd., H•dl. 25 way ex-equip. pl~g or socket £1 .25 
..,_ ____ Edge connectors, gold p1a1t8CI----~· 

Croydon,Sirrey. Tai:01-6897702ar01-8896800 INFORMATION o .1 ·os 40 w ay £2 .45 
Unless otherwise stated all prices inclusive of V.A.T. Cash wit h order. Minimum 0 .1· OS 85 way £3.99 
order value £2 .00 . Prices and. Postage quoted for UK only. Where post and 0 .1 5"DS 56 way £3 .25 
packing not indicated please add 50p per order. Bona Fida account orders 0 .156DS 36 way £2.00 . 
minimum £10 .00. Export and trade enquiries welcome .. Orders despatched All connectors easily cut to size 
same day where possible. Access and Bercleycerd Visa welcome. 1000 's of other connectors ex stock 

WW -116 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


WIRELESS WORLD DECEMBER 1980 

TEKTRONIX STORAGE OSCILLOSCOPE. Type 434 as new 12 months 
warranty £1,950. 

SOLARTRON DIGITAL VOLTMETER. Type LM 1867 £75 
HEWLETT PACKARD DIGITAL RECORDER. Type 5050 b £50 
HATFIELD PSOPHOMETER- Type DRG 657167A £50 

HEWLETT PACKARD 
TEKTRONIX STORAGE OSCILLOSCOPE. Type 64 7 with 1 OA2 and 3811 
£500 ADVANCE DUAL STABILISED D-C. SUPPLY PP3. 0-30V 1."< £25 

MARCONI COUNTER FREQUENCY METER TF } 41 7 12 w tth 1 0 -oOOM.HZ 

MICROWAVE SWITCH type 33124A SPST , 
up to 1 2 .4 GHZ. Brand new. 
£140each- Reduction for quantity. 

T!_K!_R_9NIX OS~!~LOSCOPE. Type 564 with 3A6 and 384. £350 . ." 
TELEQUIPMENT STORAGE OSCILLOSCOPE. Type DM53A £285. . 
TELEQUIPMENT OSCILLOSCOPE. Type D32 Portable . mains / bottery 
£275. 

Convertor TF2400. The P8ir £50. ' 
PICTURE MONITOR MODEL PM-52T (S in screen! As new £55 
HEWLETTPACKARDPOWERSUPPLY6214A 0 12V.Ot 2A ne.w bo<ed· 
£85. 

Also 

ATTENUATOR 
HAMEG OSCILLOSCOPE. Type 512 DB 50MHZ £350. 
TELEQUIPMENT OSCILLOSCOPE. Type S54A SB 1 OMHZ £190. 
SE LABS OSCILLOSCOPE. Type SM 111 DB 20M HZ £325. 

HP TRIPLE OUTPUT POWER SUPPLY 6236A 0 -6V. 0 -2 5A ·' O - ~OV 
0-0 5A. new boxed £1 7S 

Type 84g3A. 3db up to 12.4 GHZ 
£25 each 

ADVANCE OSCU.LOSCOPE. Type OS1 000 DB 15M HZ £250. 
TEKTRONIX OSCILLOSCOPE &47 with 1 A 1 plug · tn Dual TB 50 MHZ £375. 
TEKTRONIX OSCILLOSCOPE. Type 561A wtth 3A1 and 2867 10MHZ 
£300. 

HP DC POWER SUPPLY 6209B 0-320V 0-0 1 A. new boxerl £140 
T.O.A. ELECTRONICS LTD Electronic: Polyrecorder EPR -2T Mams £120 
THE JAMES KING COMPANY FS-1100T FREQUENCY STANDARD £50 
MARCONI CARRIER DEVIATION METER. Type TF89 1 D £50 
SOLARTRON PULSE GENERATOR. type G011 0 1 .~ £40 

TANDYTRS 80 
TEKTRONIX OSCILLOSCOPE. Type 533A with CA DB 24M HZ £140. 
HEWLETT PACKARD AC CONVERTOR. Type 3461 A £120. 
MARCONI FM SIG. GEN. Type TF1 066Bi6S. £295. 
G. & E. BRADLEY LTD. R.F. MILLIVOLTMETER. Type 112 £75 
ADVANCE A.C. VOLTMETER. Type VM77E £80 
MARCONI WAVE ANALYSER. TF2330 . Good condition £150 
AVO R.F. SIG. GEN. Model H F 1 3 5 £75 
MARCONI WIDE RANGE R.C. OSCILLATOR. TF 1370 £95. 
MARCONI AM/FM SIG. GEN. Type TF1 06611 £225. 
MARCONI SENSITIVE VALVE VOLTMETER. TO 2 600 . £50. 
MARCONI SIG. GEN. MK2. TF995AI3/S (CT402) £275. 
PHILIPS F.M. STEREO GENERATOR. Type PM6456 £120 

Ml SANDERS LEVELLING AMPLIFIER. Type 6587 £175 
SCOPEX OSCILLOSCOPE. Type 4D1 0 DB 1 OMHZ £170 
ADVANCE OSCILLOSCOPE. Type OS240 DB 1 OMHZ £175 
COSSOR OSCILLOSCOPE. Type CDU 150 DB 35M HZ £225 
TELEQUIPMENTOSCILLOSCOPE. Type D61 DB t OMHZ £19S 
HEWLETT PACKARD OSCILLOSCOPE. Type 1 20B X-Y From £85 
FLUKI: DIFFI:RENTIAL AC/DCVOLTMETER. Modei832A EBO 
ADVANCE AUDIO SIGNAL GENERATOR. Type H 1 Stne / Square £25 
R & S TUNABLE INDICATING AMP. BN 12121 12 45 -600MHZ £100 
LYONS PULSE GENERATOR PG71 N Bipolar £8S 
MUIRHEAD WAVE ANALYSER 30-31HZ £50 

Level 2 Microprocessor System comprising 
of Display, Keyboard with p rocessor and 
16K memory; Expansion Interface with 32K 
additional memory; two Floppy Disk Drives; 
Tandy Printer; manuals, books, disks, etc -
including Updated DOS Disks . Hardly used · 
EXCEPTIONAL CONDITION . Wil l separate 
off 

THE LOT £ 1 r600 
TEKTRONIX type 1L30 SPECTRUM ANALYSER PLUG-IN_ (works slight 
corrosion) £325 . . 
AIRMEC SIGNAL GENERATOR. Type 204 AM IFM 320MHZ £150 
WAYNE KERR UNIVERSAL B_RIDGE. Type 8221 £50 

HEWLETT PACKARD DIGITAL VOLTMETER . Type 3460B £75 
WAYNE KERR THERMOMETER. Type LT100 w tth probe £50 
HATFIELD RADIO FREQUENCY BRIDGE. Type LE300A ' 1 £50 
SOLARTRON OSCILLOSCOPE. Type CD1400 DB 15M HZ From £7S 
HAMEG OSCILLOSCOPE. Type HM41 2 £250 

INFRA RED IMAGE ' 
CONVERTER Type 9 60 6 

(CV 144) 
B&K AUTOMATIC VIBRATION EXCITER CONTROL. Type 10 t B £50 
RK AUTOMATIC VIBRATION EXCITER CONTROL. Type 10 t 9 £50 
MARCONI UNIVERSAL BRIDGE. Type TF868B £100 
$0LARTROIII TRUE RM$ VOLTMEtER. Type VM 1484 £75 
TAYLOR VALVE TESTER. Type 45D £85 
ADVANCE LF OSCILLATOR. Ty'pe H 1 E £45 
ADVANCE SIGNAL GENERATOR S62B 150KHZ 220M HZ £60 
MARCONI UNIVERSAL BRIDGE. Type TF86BA £50 
TAYLOR METER MODEL 128; £15 
R&S SELEKTOMAT USWY BN 15221 12£100 
B&K LEVEL RECORDER. Type 2304 £50 
RACAL HF .SELECTIVE ANALYSER. Type 9056 . £375 
SCHLUMBERGER AUTO COUNTER. Type FB2602 £150 
MARCONI F.E.T. MULTIMETER- Type TF2650 (new) £95 
AVO MUL TIMETER 9 Mk 1 1 £60 
LEVELLMULTIMETER. TypeTM11 £50 
ICE MULTIMETER SUPERTESTER B80R £18 
AVO MULTIMETER 8 MK111 £45 
MARCONI SIGNAL GENERATOR. Type TF144H £225 
MARCONI SIGNAL GENERATOR- Type TFB01 D / 1 / S £195 
MARCONI UNIVERSAL BRIDGE. Type TF 1313 £250 
RACAL SIGNAL GENERATOR. Type 365A. 1 to 320MHZ AM ' FM £175 
R&S Z"111 DIAGRAPH BN3582 300-2400MHZ £85 
R&S POLYSKOP 1 SWOB BN 4244/2/50£350 
WAYNE KERR COMPONENT BRIDGE. CT375 (B5211 £7S 

KNIGHT RF SIG. GEN. KG686 with Sweep Marker Gen KG687 Tha Pair 
£100. 

HEWLETT PACKAR_D DISPLAY t 43A wtth 1424A Samp ltng Ttmehase anrl 
1411 A Sampl1ng Vert1cal Ampltfte r Up to 4GHZ Large DISplay £350. 
H.P. MEMORY DISPLAY 54808 with 5486A Cont rol TB and 5488A Y 
System £275 
H.P. MEMORY DISPLAY 5480A wtth 5486A Conrrol TB ancl 54R5a twn 
channel tnput . £225. 
R&S UHF TEST RECEIVER 0 9-2 7GHZ BN 1524 £1SO 
EDDYSTONE RECEIVER. Type 9905 250-850MHZ £450 
R&S UHF TEST RECEIVER. BN 1 523 280-940 MHZ £120 
KEITHLEY REGULATED HIGH VOLTAGE SUPPLY. Type 241 £2SO· 
HEWLETT PACKARD D.C. CURRENT SOURCE. Type 6181 B £17S 
MARCONI XY MEMORY Type TK2214 £140 
R&S UHF SIGNAL GENERATOR. BN41 022 300-1 OOOM HZ £80 
PHILIPS PAL COLOUR TV PATTERN GENERATOR. PM 5508 £150 
GPO DATEL TESTER NO IC. £100 
LEVELL BROADBAND VOLTMETER. Type TM 68 £40. 
DAWEAFANALYSER. Type 1461A £30 
R&S UHF/VHF FREQUENCY METER. BN442 30-3000MHZ £60 
R&S UHF MILLIVOLTMETER. BN 1091 . £70 
GERHOLD SWEEP FREQUENCY GENERATOR. Model 602 £40 
TELONIC SWEEP GENERATOR. Type SD-3 450-900 MHZ £75. 

1 %in diameter. Requires single low current 
3KV to 6KV supply individually boxed . With 
data. 

£12.50 each 
Infra Red Lamps also advertised 

GARRARD DIRECT DRIVE 
TURNTABLE MOTORS 

Made in Japan . With internal -electronic 
speed control. 24 volt. Connections sup-
phed. · 

£3-50 each. P&P £1.50 

R&S UNBALANCED STANDARD ATTENUATOR 500hm BN18942 ' 50 
£45 

H.P. VHF SIGNAL GENERATOR. Type 608D Case damaged hence £50 
MARCONI VALVE VOLTMETER_ Type TF1300 £1S 

EX-MINISTRY SOLID 
STATE 

400 'HZ INVERTOR STODDART AIRCRAFT Radio Interference and F1eld lnrens1ty MetP.r tyoe 
NM-52A 375-1000MHZ (2 pieces) £325 

SOLARTRON DIGITAL VOLTMETER. ·Type LM 1420 2 £30 
VIDEO CIRCUITS LTD TUBE TESTER. Type V33 £30 
LABGEAR COLOURMATCH 825 PATTERN GENERATOR. Typ e CM6004 -
PG £30 

28 VDC input, 11 5V outpuL Size 7 x 2V' x 
1 5 in approx. Connection details supplied 

£18 each. P&P £2 

MARCONI SIGNAL GENERATOR. Type TFBO 1 B £8S 
R&S DIRECT CAPACITANCE METER £50 
B&K HETERODYNE VOLTMETER (RECEIVER) Type 2005 £250 
MARCONI VARIABLE ATTENUATOR. TF1073Ai2S £40 

B & K BEAT FREQUENCY OSCILLATOR. Type 1014 £17S 
B & K AUDIO FRI:QUENCY SPEcTOMETER. Type 2 1 12 £225 
ADVANCEOSCILLOS.:OPE. TypeOS1000A DB 20M HZ £300 MARCONI DOUBLE PULSE GENERATOR. Type TF 1400 ' S £50 

RADIOMETER (COPENHAGEN) WAVE ANALYSER. Type FRA 2CT3a £80 
TRANSISTOR INV ERTOR 

CONVERT THIS UNIT TO A 

SUPER BATTERY CHARGER 
Attractive green ministry quality case with removable 
top and bottom plates - heavy duty power switches, 
high powered resistors to control current: good quality, 

SOME TEKTRONIX 500 
ranae oscilloscopes 

with Single irace Plug-ins. Workmg . 
From £100_ Phone for details 

DIODES 
All new full spec. dev ices IN3063 
BAX 13. 1S44, 1N4148; 
1N3470: 1N4151. 

100 off £1-50, 1,000 off £10 

11 5V AC 1 . 7 Amp Input. Switching is at 
20Khz. Output windings from Pot Core . Can 
be rewound to su it own purpose or unit can 
be broken for host of components Circuits 
supplied. 

_£1-25 each- P&P £2 

~~nf~~n~~~~!~~~~h ~~t~~ ~~~ ~~;~~~n~~;i~e;T~~~~s .., _ _ _ D.IA•M• O• N• D- H•C•O•N• T•R•O•L•S•R•O•T•A•R•Y•S•WI..IT•C•H•. •S•in•g•le• p•o•le ____ "'!"''!!"•uch~-, ----------------
All this for £3.50. P&P £2. Four units£ 12. Carriage £5. 1 0-way. Printed Circuit Mount. New.10p H.1 00 for £7.50 Tl , TIP41 A. 2N5£g6, AF13g, 2TX341 . 

STEPPING MOTORS 
6/1 ':1 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 
or 5 for £5 P&P £1 .50 

STEPPING MOTORS 
200 Steps. 20 oz/in. torque, 12/24 volt input 4-wirt> 

£12eac:h- P&P £1.50 

KEYBOARD PAD 
Size 3x2V,x2" high with 1 2 Alma Reed Switches. Blue 
keys marked in green 0-9 and a star with one blank. 
£4eac:h, P&P £1, or 5 for £15 P&P £2. 

MINIATURE KEYBOARD 
Push cor:ttacts, marked o - g and A -F and 3 optiona l 

function keys. £1.75 each-

CRYSTALS liOp .. ch. 
Flat metal case - 1g.2KHZ; 844.8KHZ; B7G -10MHZ. 

LOUDHAILERS. Transistorised hand-held. no leads. Standard 
internal batteries supplied. Howl Switch. £20 ... P&P £2 
INFRA RED QUARTZ LAMPS. 230V 620 Watts. Size 13'!2" X 
'Is" dia. £1.50 •· 240V 1650 Watts. Size 22%" x 'll'' dia .. £3 --BRIDGE RECTIFIER. 2 Amp SOp ... 
PHOTODIODE DETECTOR 4" fly leads, 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 
spacing, 15p ... 
I. E.C. Standard MAINS LEAD. Moulded (3 vertical flat pins centre 
offset) BOp•. 
FANS- .115V 13Watts. Size 3'/.o X 3'/.o X 1 '/2" BRAND NEW . 
£4.50 •· Secondhand £2-50 •· 
DELAY LINE. 50 nanosecs. 3 connections- ground-in-out Size 2 
X 7/16 X5/16" New 25pN. 
Miniature MOTORS 12V with geared wheel (8 teeth 3/ 16" dia) 
Size 1 V4 X lA 11 dia. Ne"'! ~P ~: 
MOTOR 12V OC with pulley and integral semiconduttor. Speed 
Control. New £1 •· 
LEDEX ROTARY SOLENOI·D·s. 115V DC. No switch assembly. 

PULSE TRANSFORMER. Sub min . S1ze V2 X 5/16 X 114" . BY127 10p. BF181 20p; BD239 49p; BD241 40p; MA343AT 
Secondary centre tapped. New 20p ... 49p; 80228 50p; BD233 & 8D234 Camp Pair 25W - BOp per 
MOTOR by Inland Motor Corp . DC High Torque. Reversible PI'· 8t SOp uch- · 
Usable torque at 5V. Max voltage 24V £2.50 ••- P&P £2. REGULATOR TBA625 8to 20V in- 5V out 1 OOMA T05 Con . 
REMO TV TYPE MULTIPLIER. Two high voltage outputs and 50peach.BF256C 20p. 
focus, £1 each. TV AMPLIFIER TBA 120 20p eech. 
DON'T TAKE CHANCES- Use the proper EHT CABLE. 10p per ~~~-.!_C:i,!t;!lilli . . 
-or£7.50pw100me .. /drwn. P&P£2 . 7453 Sp 74H74 12p 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap 7451 Sp 74H51 7p 
75p ... Box of 12£5.50. P&P £1.50. 7402 12p 74538 10p 
RAPID DISCHARGE capacitors 8mfd 4kV £Seac:h. P&P £2. 7476 20p 74502 12p 
MYSTERY IC PACK. Some 40 pm- good mixture- all new 7495 35p 74154 70p 
devices.251Cafor£1.P&P50p. 74122 12p 74C02 19p 
VACUUM PUMPS- TRAPS, ETC. Send for list. 74COO 17p' . 74C04 18p 
DECOUPLING CAPACITORS , 74C74 18p 

75325 
SN15862 
MC4028 
7417 
744 1 
74C86 
74C161 

£1 
4p 

69p 
14p 
40p 
SOp 
;!4p 

0.05mfd 10V; 0.01mfd; 0.047mfd 250V; 33K, 330pf . All values MOTOROLA DI,JAL in line 6 pin Opta Coupler 30p eech. Gold 
100 far £1.50. plate tester version SOp NCh. 
E.H.T. c:.-citor 500pf SKY 20p Nch. EPROMS 2708 £5.50 MCh. 
10-way MULTI COLOUR RIBBON CABLE . New 40p per SMITHS. encapsulated t ransisto r ised AUDIBLE WARNING 
-.10-for£3. DEVICES 4V-12V. Can be driven from TTL 85p eac:h. 
GEC UHF 4-button tuner £1.50eech. ELECTROSTATIC VOLTMETER. 7.5KV £8 . ... P&P £1 .50. 
CENTAUR 115V FANS 4 1/2 x 4 x 1 ';,'' £4.50 • - Other ranges available- please enquire . 
EX-USED equipment, tested, BOp each. TRIM MERS_ Sub min . 0.25 to 1.25 pl. 1 to 4 .5 pl. 7 to 45 pl. All 
CONTACTORS. Heavy Duty 24V DC 5 make £1 Nch. 8t 6p each. 
GEC UHF/VHF 6-button tuner £2 •ch. HONEYWELL humidity controllers SOp each. 
DIGITAL 24-HOUR CLOCK with built-in alarm as used in Braun THYRISTOR TIMER. Solid State. 15 sees adjustable (reset) in 
Digital clocks. Silent running , Large illuminated numerals. AC plastic relay case. Standard 7-pin base. Series delay SOp each. 
mains. Size 6'12 x 21J, x 2114"- ONLY £3.75 .. ch. MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 
931APHOTOMULTIPLIER£2eac:h.P&P£1 . 10puc:h. ' 
~a~:~! ~~~~01d~~re!~EE~~!,T~~S with Control knobs 4 D1GIT 7 SE_GM ENT p.er digit ·plus a-f igure one to the left plus·a 

SOLID STATE UHF TUNERS. 30 acs £1 each. ~:;'.!;!e~~~~gsit~,g~~~Jh~r:~~~~:ha~ f~g~~ 0~~ ;~~~~~~i:~l ~~.';0 
BRAND REX blue wire wraps. 30 metres for £1. P&P 25p each. Some E.H .T . Transformers and Capacitors· available. Please 
SLIDER CONTROL SOOK Log. Single track. Complete with enquire 
knob. Length 3Vl''. 25peac:h. TELEPHONES 708 style black; grey or blue £5.50 .. ; 746 style 
TRANSFORMERS black or grey £7.50. Older style black £2.SO NCh. Discoloured 
AUTO 240V input 1 1 5 V. 1 Amp output £1.25 each. P & P £1 . 2 5 grey 706 £4 .. P &P £1 . 50 per telephone 
240V input. Soc. 6V. 1.86A. Size 2'12 x 2 X 2"- Good quality. DC SERVO MOTOR 110V 2 5Amp continuous . Double shalt 
£1.60 •· P&P £1 Brand new. 4 w ire. 4 brush £25 ea. Plus carriage 
~fs~i~:~~1 12V 0 . 92A. Size 2'12 X 2 X 2"- Good quality, :; Mount POTS. Wire wound with knob 200ohm & 1 Oohm. 10p 

240Vinput 12V 100MA. Size 60 x 40 x 42mm. SOp each . MIN. RELAY 24V. :2 pole c/o . Brand new. 75p each. 
240V input. Soc . 12-0-12V 50MA. Size 53 X 45 X 40mm. £1 TI M E DELAY RELAY 0. 1 to 10 sees . 115V A C. DPDT. £5 each. 
aa. CAPACITORS at 5p each. 0.1 uf 400V . Small rec. block PC 
115V input. Soc. 5V 250MA. Size 1 11/6 X 1 .5 X 1 '!.'' . 2 for Mount German class; 3300pf ; 220nf250V; 0.01 mid 160V 
50p. INSERT can be used as Microphone I Earpiece (like used as insert 
115V input. Sec 10-0-1 OV 1A. Size 2'12 x 2 x 2", 2 for £1.50. in telephone but supenor quali ty) Ex-Min. Brand new wrapped 75p 
SEMICONDUCTORS 1 N4005 ~ 5@; 1-N4002 _:_ 3p. each. or 10 for £8. 
At5peach; . 
BC147, BC 148B. BC 157, BC158. BC23 7, 8F197, OA90, OA81 , 
BA 154. BA243 

MINIMUM ORDER £3 VALUE OF GOODS- MINIMUM P&P £1- where P&P not stated please use own discretion- excess 
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at15% on total MUST1BE ADDED TO A LL OR.DERS. 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1 pm and 2-Spm Monday to Saturday inc. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. , ... __ .. .. .. 

CHIL -r .. EAD LTD 
NORWOOD ROAD, READING TELE PH ONE NO. -READING 6696 56 

(2nd turning left past Reading Technical Co e in King's Road then first right- look o for door ith" 
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I 
I 
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I 
I 

READ ALL ABOUT IT - all the latest on home 
entertainment equipment and ideas in ••• 

HI Fl YEARBOOK AND HOME 
ENTERTAINMENT 1981 
~ublished again in November, this new .1981 edition in larg'er magazine 
s1ze m~ans more c?mprehensive coverage of the whole range of home 
ent~rtamment equ1pment, from aerials 

1

to headphones, from microphones 
to v1deo recorders and from radios to e.lectronic 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: ~eneral Sales Manager, Room 205, Quadrant 
H~use, 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::-1~------------------------

Address __________ ~-----------------------

:Registered in England No. 677128. 

I 
I 
I 
I 
I 

L ,------- - ·----------------- =-..:....J 
I 

-Consid~r the followi~g featur~s: 
6 resistance ranges from 200 
ohm-20 ohms 
8 current ranges from 2mA-2A 
AC/DC 
10 voltage ranges from 20D 
mv-1 OOOv DC-200 mc-7 50V 
AC 

Poc_~'.'lt s!ze - weigt_:llng only 
370gms. · 
Full overload protection - will 
withstand 6kv spikes 
Rugged construction - virtually 
indestructable 
Meets tough military specs -

jrop 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 

2A 

.IJIGITAL MUL TIMETERS 
-BRA-tiflniiEW FRO-Iiii'FLUKE!!T--

NOW AVAILABLE 
THE 8024A HAND HELD DMM 

This model incorporates all the feature-s of 
the 8020A but in addition t:tas: 
A peak hold switch whi~h- can be used in 
AC or DC for volts and current functions. 

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

A temperature (0 C) range for use with a 
thermocouple. £135 

- · Carriage and Insurance £3 

Ttie fOllowing ~..arift aN in ·stock now 

Y8008 Tollch and Hold Probe 

.J!. : i®ij ..c::; •.. '"" ' ' '"" ,; " " '," 
, 8010AAND 8012JniENCH MODEL D. .M.s 
fhe 801 OA is a general purpose, bench 7 portable digital multimeter with more functio~~\ 
and ~eatures than. ever offered for such a· low p-rice. Its companiorl, the ~012A, has . 
'tdenttcal character.tstics except that it has two additional low resistance ranges. 2Q and · 
201l to replace the 801 OA's 10 ampere current range 
The 8010A and 8012A feature: 
10 voltage ranges from 200mv · 1 OOOv de, 200mv- 7 5v ac 

' condupance ranges from 2m S : 200 nS. .. · 
6 resistance ranges from 2001l- 20mll -the 80 12A h s two additional resistance ranges 
~~~and 201l. 

"10 current ranges. from 200~A · 2A AC/DC- the 80f0A has two addi'tlonal currehf" 
iiO'n'Qes 10A ACand 10A DC. ' 

. 8010A£1S9 801'2A£199 
Carriage and Insurance £3 . : 

2'~~~; ~~~~~-available with two rechargea,ble Nicad size C baiteries installed. ,n opti()_rl") 

for o~Jy_~_75 +VAT SOFT CARRYING CASE -~~~:~~~~:b~a::nJ''M~e2 ... 
Carriage and Insurance £3 £7 extra '80T-150CTemperature Probe(C) ' .. 

;..;.f:IF:fh~i~1rin RANGfNG 
II N COUNTER 

IVfin>eL. 19ooA 
.--------------------------!· 801-600 Clamp-on AC Current Probe 

. EVen mdl-e .ophia~ tile Fluke aozoA - . 
Identical in most respects to the B022A but in addition incorporates a 
conductance range from 2mS-200nS. ' 

Price £112 
, Carriage and insurance £3.00 

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

TMKSOO PLEASE ADD 15°/o VAT 
TO ALL ORDERS 

EXCEPT WHERE 
ITEMS MARKED 

"VAT INCLUDED." 

CALLERS ·wELCOI\IIE 
• We are open g a.m.-6 p: m.- · 

Monday-Saturday 

We carry a very . 5eTection of electronic 
. . . and 

~'0''"~-m••rn:,nu·"l items 

•• Autoranging in both frequenCy and-Period measurement modes 
e Wide Frequency range-5Hz to 80 MHz . 
e High sensitivity -25 mV, typically 15 mV 
e Six digit LED display with leac;Jing zero suppression, automatic annunciation and 

overflow ' 

: ~~~or~~n~~r;1~19~~t~t~:,c;11o{~~~~i~~ s~~i~~~~ c~_ntinuous operation 

e Four manu.~~~.Y s~lecte~ Qa_!~ ti.r::'.~~ pr~_v_i~in.~ .. ~~s~~uti_on to 0.1 Hz 

e Event countmg to 1 0 events wrth overflow rndicator 
• S'tgrl81 inpUt cOi-iCfi"i'i'OriTng ·wrth switchable 1 MHz low pass fiiter and attenuator 
e R~ged moulded case with convenien.t tilting /carrying handle 
e Opt1onal parallel data output with dec1mal point and annunciation 
e Trad1tional high Fluke qual1ty 
e . Self check 

ROTARY STUD SWITCH 
PLESSEY 30-way, 2 bank, 
Single pole. Contacts 1 amp 
240v, AC/ DC. 0050 res l 
~~ke bef.ore break. St.op in-
finitely ~Justable allowmg for ~--- ·--

any. des. _•red a. rc. of. travel. I deal 11· ~ for 1nstrument and model · 
sw1tch1ng. S1ze 2 Ye" dia . 
overall x 2Ve" deep ~us 1%" 
x 'A" d1a. sp1ndle 

£3.25 P&P SOp 

£1 9 5 Carriage and lnsurarice £3: 

BENDIX MAGNETIC CLUTCH 
Superb example of 
electro-mechanics . Mam 
body in two sections, coli 
section f1xed With ~·' 
s leeve. dr!Ve section 

· rota t 1ng on outer 

Dozens oi uses 
1n Home. Farm, 

i~l penme1er . Uniting plate 
has :Ys" 10 bearing con-. 
centnc w1th mam sect1on 
and 18-tooth cog 
whee l. E:.:tremely power
ful transmission 24V 
DC. 240m/a 

~~~~~~~~~~ 
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HERE'S HOW TO TALK TO 
ALL OF THE PEOPLE ALL OF THE TIME 

with a communications system built up from the 
all-embracing, constantly expanding range of 

• REDITRONICS EQUIPMENT 
The latest additions to that range -*' A104K AUTOMATIC ANNOUNCER * AA115 FOUR-CHANNEL AUDIO 

-=.~ ............. J· . .. J·. ·.· .1· .· .. 1·.· • ... t "' POWER AMPLIFIER with ENCODED SPOT CAPABILITY . '"-' i 
for centra l recording on erasure- ., •• w .... ""* 
proof spots. loca l recording on 
blank spots w ith spot omiss1on 
switch facility, built- In chime. 
monitor loudspeaker and/or 
headphone. direct paging priority 
via assoc iated mic. 

with MAINS-DE RIVED OR BATTERY-OPERATION CAPABILITY 
for Versatility. with quad (4 x 40 W), stereo (2 x 80 W). or 

mono (1 x 160 W) 
Mobility, w ith battery operation on 4 x 12 V battery-pack 
Availability. with emergency standby operation (automatic switchoyer 

on mains failure by associated Reditronics CU1 06 standby power 
contro l unit incorporating a battery charger). 

When it comes to SOUND communications, REDITRONICS EQUIPMENT 
does MORE FOR LESS. REDITRONICS is the one name that says it all. 

Send for details of any item, and our full brochure, of a range of equipment that can provide every integrated link in the 

REDITRON~
chain of a. tailor-made sound commun1cat1ons system. 

and to meet ~rowin~ demand-
. .. TOTAL SYSTEMS CAPABILITY *' 

4usitune are appointed as Reditronics distributors 
REDIFFUSION REDITRONICS LTD., for Greater London and the Home Counties. 
La Pouquelaye, St Helier, Jersey, Channels Islands 
Tel: Jersey. (0534) 30321 Telex: 4192341 
U.K. DEPOT: River View Road, Bitterne, Southampton, Hampshire, U.K. 
Tel : Southampton (0703) 555566 

Contact Musitune Ltd., 388 Green Lanes, 
London N4 1 OW (Tel: 01-802 1163) for Reditronics 

systems-planning to your exact requirements. 

WW- 110 FOR FURTHER DETAILS 

COMMUNICATION TUBES- EX STOCK 

4-65A 5763 QQV06-40A-
4-125A 6080 OOV07-50 
4-250A 6146/ A/ 8 QVOB-1 00 
4-400A 6155 QY4-125 
4-1 OOOA 6156 OY4-250 
4CX2508 7527 OY4 -400 
4CX350A 8042 OY5-3000A 
4CX1500A QQV03-10 & MORE 
4CX1500B OOV03 -20A 

R/ F POWER TRANSISTORS - EX STOCK 

2N3375 2N51 02 
2N3553 2N5590 

2N3632 2N5591 
2N3733 2N5641 
2N4040 2N5642 

2N4127 2N5643 
2N4128 2N6080 
2N5070 2N6081 
2N5071 2N6082 
2N5090 2N6083 

LEADING EXPORTER 

BLY33 BLY88 
BLY34 BLY89 
BLY36 BLY91 
BLY53A 8LY92 
BLY55 BLY93 
BLY83 BLX13 
BLY84 BLX14 
BLY85 BLX67 
BLY87 BLX68 

& MORE 

SEND FOR DETAILS TO: 
AERO ELECTRONICS (AEL) LTD 
GATWICK HOUSE 
HORLEY, SURREY, EN GLAND 
TEL (02934) 5353 
TELEX 87 11 6 (AERO G) 
CABLES AERO G TELEX HORLEY 

NW- 095 FOR FURTHER DETAILS 

STEREO DISC AMPLIFIER 2 
THE MOST THOROUGHLY RESEARCHED DISC AMPLIFIER THERE IS 

for Bro11dcesting, Disc Monitoring end Transfer 

Ring or write for f ull specifications of this or PPM Boxes* PPM2 and PPM3 drive circuits 
* Ernest Turner movements 640, 642, 643 and TWIN with flush mounting adaptors and · 
illum ination kits * Peak Deviation Meter* Programme and Deviation Chart Recorders* 
Moving Coil Preamplif ier * 10 Outlet Distribution Amplifier * Stabilizer *Fixed Shift 

- Circuit Boards . 
SURREY ELECTRONICS. Tho Forge, Lucks Green, Crenleigh, Surrey, GU6 7BG. 

Tel: 04865 5997 

~® XLRCONNECTORS 
Line Female A3F £0.99 Chassis Female D3F £1.25 
Line Male A3M £0.86 Chassis Male D3M £0.71 

@) N E au TVRISK large seiXtLRU~o~;EC~~~~s 
Latchless Chassis Fema le NC3-FZ £0.67 
PCB Mounting Chassis Female NC3-FD 

£1 .12. 

Latch less Chassis Male NC3-MZ £0.59 
PCB Mounting Chassis Male NC3-MD 

£0.95 
Please specify horizontal or vertical mounting PCB format . 

BELCLERE AUDIO TRANSFORMERS 
EN6422 Ratio 1 + 1:2 + 2 . Freq 40Hz.35KHz . PCB Mount , PRI 15016000, sec. 
60012. 4 KO . . . . . . . . . . . . .. . .... .... ........ .... . . £2.90 
EN6423 Rin io .1 .+ 1:6 .45 + 6.45. Freq . 40HZ-25KHz. PCB Mount, PRI15016000, 
sec. 6.25K125KO . . . . . . . . . . . . . . . . . . . . . . . £2.90 
SKT-723 MuMetal Screening can, 39dB reduction 50Hz ext. field . . . . . . . £0.95 
Trade enquiries welcome, qua lity d iscounts available. All prices subject to VAT. Call , write . 
or phone. Min1mum order £10. Please add £1 postage . Access , Am Ex, Barclaycard . 

KELSEY ACOUSTICS LTD. 
28 POWIS TERRACE, LONDON W11 1JH 

. 01-727 1046 

WW -101 FOR FURTHER DETAILS 
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Transformers: Designed for US equipment. An auto transformer range of open 
(solder tags) or cased (with USA 3-pin sockets and cable input) from 20VA up to 
6

KVA.AUTO TRANSFORMER 

Voltages available 105, 11 5, 1 90, 200, 
210, 220, 230, 240. Voltages for step up 
or step down. 
Ref. VA £ P&P 
113. 15 2.73 0.81 

64 80 4.41 1.10 
4 150 5.89 1.31 

53 350 10.08 1.31 
6 7 500 1 2.09 1 . g 1 
84 1000 20.64 2.39 
93 1500 25.61 O.A 
95 2000 38.31 O.A. 
73 3000 65.13 O.A. 
80S 4000 84.55 O.A. 
57S 5000 98.45 O.A. 

·o. 115. 220. 240 . . 
Split Bobbin Type - 0- 1 2- 1 5-20-24· 
30V 
Ref 009- 1 amp £2.98. P&P £1 . 1 0 
Ref 010.- 2 amp £4.65. P&P £1 .10. 
Open frame fixing. Other types available . 
Burglar Alarm. Ultrasonic 20ft. range, no 
installation costs. Key operated; built-in 
siren (external can be added) . Looks like a 
speaker. £98.00£2.00 P&P +VAT. 
M708- 6K to 30 matching transformer 
5W. 90p. P&P 40p. 

M 1020 - 0-240V 12-0-1 2V 50ma 75p 
P&P 41p. 

M1126- 1201240V, 9-0-9V 1A 
£1.79. P&P 41 p. 

. M616- 240V (Screen 1) 13-0-1 3 1 A (2) 
1 2V 1 50ma £1.50. P&P 60p 

Metal Oxide Resistors. 114W 5% £1.00 
per 100; a bargain. Use instead of Carbon 
Film! 30p P&P +VAT. 
3900 I 4700 I 5100 I 5600 I 8200 I 
1 K I 1 K 1 I 1 K2 I 1 K6 ) 1 KB I 2K I 
2K4 I 3K I 16K I 20K I 22K I 24K I 
47K I lOOK I 110K I 120K I 130K I 

180K I 220K I 270K I 300K. 

CASED AUTO TRANSFORMERS 

240V cable in 115V USA flat pin outlet. 

VA Price P&P Ref 
20 6.55 1 .03 56W 
75 8.50 1.31 64W 

150 11.00 1.31 4W 
250 13.39 1 .67 69W 
500 20.13 1.89 67W 

1000 30.67 2 .65 84W 
2000 54.97 O.A. 95W 
Tranafonner Winding Service. One off 
prototype or batch production service 
available in addition to our standard 
range. Full specifications at keenest prices 
and quick deliveries. Catalogue (send 
20p Stamps). 

MAINS ELIMINATOR 
Fits into a 13A skt. 3v@ 1 OOma or 6, g, 
12v @ 300ma £4.60. P&P 55p. VAT 
15%. 

CONNECTORS 
Thorn, Cannon, Plessey, Bendix, Green
par now available. 
Soldering iron - 25W to BS spec. 
£1.75 + 30p . P&P +VAT. 
Solder Gun - 1 OOW include bulb for 
spot-on vision and joints. £7.50 + P&P 
70p +VAT. 
De-solder Pumps. Spring loaded with 
quick action button release for one
handed working. Large £5. 10. P&P 35p 
+VAT. Small £4.75. P&P 30p +VAT. 
Replacement tips. Smell 65p + VAT . 
Large 86p +VAT . 
"Educational" Meters. (Moving coil) 
0 - 10A, 0-2A, 0 - 15V, 0 -30V. Free 
standing large·scale easily-read meters 
with top screw terminals for quick con
nections. Size 7.5 X 78 scale . £4.50. P&P 
66p +VAT. 
SPECIAL OFFER: Multimeter (20kOB) 
with combined audio I I .F. test oscillator at 
1KHz and 465KHz ACIDC to 1000 volts. 
DC current to 500 MA resistance to 1 ~ 0 
size 160 X 97 X 40mm, £8.50. 5% . ___ _ 

JOYSTICK CONTROLS 

0.6 x actual size 

New Contactless Inductive dual axis 
joystick . £16 .00 less quantity dis
counts 

We specialise in JOystick mechanisms in a very 
wide range of types and price: 

* SINGLE, DUAL or TRIPLE AXIS 
* SPRING-CENTRED or DETENT 

MODES 
* CONTACTLESS, POTENTIOMETER, 

WAFER SWITCH or MICROSWITCH 
TYPES 

* AVAILABLE IN THOUSANDS, 
HUNDREDS, TENS or ONES 

* N O MINIMUM ORDER. NO PRO
HIBITIVE SMALL QUANTITY PRICES 

* RAPID DELIVERY (usually ·1 -3 days for 
samples) 

* SCHEDULED ORDERS OVER 1 2 ' 
MONTHS GAIN FULL DISCOUNTS 

* SPECIALS AND PROTOTYPES IN 
DAYS, EVEN IN 1 OFF 

* PRICES FROM £1 (TV game types) to 
£50 

Tens of thousands of our joysticks are in use 
worldwide in app l ications such as electnc 
wheelcha irs, flight simulators, in machine tool 
controls, computer graphics, servo sontrols, 
CCTV controls. 15 years' experience of JOY
sticks is available to you at the cost of a phone 
call. 
RECENT ADDITIONS to our range mclude 
Duel axis inductive contectless joyst1ck (see 
photo) giving infinite resolution zero noise and 
mechanical life exceeding 1 0 mdl1on full 
cycles. Ideal for any application whe re 1n· 
cessant cycling or vibration limits l1fe of 
potentiometer types. 
VERY HEAVY-DUTY TYPES. The full PO 
CONTROLS range of controllers for 
electrically-controlled hydraulic valves. etc·, 
with rugged construction for outdoor. docks1de 
and construction sites . 

Specialising in joysticks, a~d producting sub
stantial quantities , we are able to offer unbeat· 
able prices , and delivery. Contact us 
immediately for a quotation 

U.S.A. and CANADA. Contact PO CONTROLS. 71 Dolphin Road , BRISTOL. 
CONNECTICUT 06010 U.S .A. Tel : 1 203 583 6994 . 

Applications invited for distributorships in other countries . 

FLIGHT LINK CONTROL L TO. 
BRISTOW WORKS. BRISTOW ROAD 

HOUNSLOW. MX. - 01-570 4065 

WW-115 FOR FURTHER DETAILS 

/~ 

P.M.R. 
TYPE APPROVED 
VHF AND UHF 
PORTABLES 
MOBILES 
BASE STATIONS 
PAGERS 
CTCSS AND 5 TO.NE 
MODULES 

A WHOLE 
RANGE OF 
POWERFUL 
LARGE AND 
SMALL HAND 
PORTABLES 
AND PAGERS 

PHONE OR 
WRITE FOR 
DETAILS NOW 
AND ASSURE 
YOUR 1981 
PROFITS 

Frank Cody 
Electronics 

·Limited 

Gresham R~ad, Staines, Middlesex TW 18 2AN 

Tel. Staines 62682 Telex 929939 

. -
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HERE'S HOW !:
ALL OF THE PEOPl 

with a communicatior 
all-embracing, csa 

.RE~ 
The' * A104K AUTOMATIC ANNOll 

with ENCODE_} 
for centr· 

proof. 
bla,?\ 
sv 

~?G-. 
~~ -a..,. 

When it c<y· 
doe 

tft c: :a. 
~SC) ..,.-= 

Send for dev· ~ 

. ........ Hdte Proj . for Home 
<L4 t1 0 Int . Circ . Proi . for Home 
231 Beginners Guide to Transistors 
2 32 Beg ~ nners Guide to Elec.tnc Wiring 
233 Begonners Guide to Rad1o 
234 Gu1de to Colour TV 
235 Electronic Diagrams 
236 Electronic Components 
237 Printed Circuit Assembly 
238 Transistor Pocket Book 
240 Sem •conductor Handbook Part t 
24t Semiconductor Handbook Part 2 
242 Electronics Pocket Book 
244 Beginners Guide to Integrated C~rcuits 

BI -PAK CMOS Data Book 

SWITCHES 
Deacription No. 
DPDT min1ature sl1de t973 
D PDT standard sl ide 1974 
Toggle switch SPST t2 amp 250V ac t975 
Toggle switch DPDT t amp 2 50V ac t976 
Rotary on -off mams switch 1977 
Pu sh switch - Push to make t978 
Push switch-Push to break t979 

ROCKER SWITCH Colour No. 
A range of rocker RED t980 
switches SPST - moulded BLACK 1981 
in h igh insulation WHITE 1982 
material available m a BLUE 1983 
choice of colours ideal YELLOW t984 
for small apparatus LUMINOUS t98S 

Deacription No. 
Min1ature SPST toggle 2 amp 2 50V ac t958 
M1n~ature SPST toggle 2 amp 2 50V ac 1959 
Min1ature DPDT toggle 2 amp 250V ac t960 
Mon•ature DPDT toggle centre off 2 amp 

250V ac 196t 
Push -button SPST 2 amp 250V ac t962 
Push -button SPST 2 amp 2 50V ac 1963 
Push · trutton DPDY 2 amp 250V ac t964 

MIDGET WAFER SWITCHES 

\B 

- •• 10 
£1 -15 
£1 -15 
£1-95 
£2·95 
£2-25 
£2.25 
£2-75 
£2-25 
£1-80 
£1-80 
£1-80 
£3-90 
£5-25 
£4-28 
£3-90 
£2·75 

SOp 

Price 
£0-16 
£0-17 
£0-38 
£0 ·48 
£0·58 
£0-16 
£0-21 

Price 
£0-35 
£0 -35 
£0 -35 
£0.35 
£0 -35 
£0·35 

Price 
£0-81 
£0-86 
£0-91 

£1-07 
£1-04 
£1·09 
£1·34 

Single bank wafer type- suitable for switching at 250V ac 1 OOmA 
or 150V de non -reactive loads make-before-break con tacts 
These switches have a sp1ndle 0 ·2S india. and 30 ondexing . 

De~~eription 
1 pole 
2 pole 
3 pole 
4 pole 

t2 way 
6 way 
4 way 
3 way 

No. 
t965 
1966 
1967 
t968 

Price 
£0-55 
£0-55 
£0.55 
£0-55 

MICRO SWITCHES No. Price 
Plastic button gives simple 1 pole change over action £0·29 
Rating 10amp250Vac t970 

Deacription No. 
20mm · 5mm chassis mounting 506 

~ t:~ : ~a~l~ii~:at~~! mount•ng 507 
SOB 

Panel mou nting 20mm 509 

riaurb~0sL~~ 1t~m 510 

Type No. Type No. Type No. 
150mA 61t 7p 1A 6tS 6p 3A 6t9 
250mA 612 6p 1 5A 616 7p 4A 620 
550mA 613 6p 2A 617 6p 5A 62t 

~~n~su~t~E ~8m~ sA 
ot8 7p 

T~g~A No. Type No. 
1Yf: 

No. 
622 1A 625 628 

250mA 623 2A 626 3 · 1SA 629 
500mA 624 t /6A 627 SA 630 

All 8p each 
QUICK-BLOW 1 tin. 

1!g~A ~3°i ~~g~A No. ~~g~A No. 
632 634 

Type No. T pe All 8~~ach Type No. 
1A 635 2y5A 638 4A 641 
2A 637 3A 639 5A 642 

All 80 each 

NUTS AND BOLTS 
BA BOLTS -packs of BA threaded cadmium plated 
slotted cheese head . Supplied 1n m ultiples ol 50 
T)lpe No. Price Type No. 

~ : ~ g~~ g~6 ~~ :~: t :~ ~~~ ~:~ 
1on 2BA 842 fQ. 75 l.n 6BA B4C 
t•n 2BA 843 £0-52 ton 6BA 849 

f:~ ~~~ ~~~ ~g:~~ <'n 6BA 850 

Price 
£0-18 
£0 -14 
£0-18 
£0 -23 
£0-37 

&p 
10p 
6p 

Price 
£0-37 
£0· 29 
£0·46 
£0-24 
£0·20 

BA NUTS--packs of cadmium plated full nuts •n multiples of 50 

bt"t-• ~5°s ~oi~e3 r~~e ~s7 :o.;3s 
2BA 856 £0-55 6BA . B58 £0-28 
SA WASHERS- flat cadmium plated pla1n stamped washers 

f~:~•ed on mull:J'~~s ~J~e Type No. Price 
OBA l:l59 £0·16 48A 86t £0 ·14 

~&foeR TAG~~0Ho~~~~=d suppli~~~ mult iples ~?~o £
0

.
14 

"bt"Ae ~5°i ;~~ r~~e ~s:i :0~25 
2BA 852 £0·32 68A 854 £0·25 

35V £0-13 3t42 4.4MFD 35V £0-21 
35V £0·13 3t57 3.3MFD 25V £0·21 
35V £0· 13 3143 tOMFD 35V £0·25 
35V £0·13 3144 22MFD 16V £0-25 
35V £0-14 3156 33MFD 35V £0 -13 
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1 
No. Type 

AUDIO LEADS 
' 107 FM 1ndoor Ribbon Aerial 

1 t3 T: ~~m Jack plug to 3 5mm Jack plug length 

tt4 ~ i n~i; tf~Nie~~t~ ttoS~· 5mm Jack connected to 

t t5 ~in~'~ tf~Nie~~~ 1to5 ~ · 5mm Jack connected to 

1 1 6 Car aerial extension screened insulated lead 
Fitted pluy and socket 

1 1 7 AC ma1ns connecting lead for cassette record 
ers and rad•os 2 met res 

t8 5 pin DIN phono plug to stereo headphone. 
J ack socket 

19 2 2 p in DIN plugs to stereo Jack socket with 
attenuation network for stereo headphones 
Le~h 0·2m 

10 Car . stereo connector . Variable geometry plug 

\ 

to f1t . most car. cassett.es .. 8 - track canridge and 
comb•nat1on un1ts. Suppl1ed with inlmed fuse 
power lead and mstruct•ons 

3 6 · 5 m Coi led Guita r Lead Mono Jack plug to 
1 Mono Jack plug Slack 
. 3 pon DIN plug to 3 pin DIN pl ug . Length 1·5m 

~ ~;~l D~~NP 1 ~ru~0 t~ P~~n~~~ 6~eg~ L;;t\;~~~ 
1· o m 
5 pin Dl N plug to 4 Phone Plugs. All colour 
coded . Length t · 5m 
f. ~; DIN p lug to 5 pin DIN socket . Length 

i pin DIN plug to 5 pin DIN plug m irror image 
en~th t 5m 

o•n DIN plug to 2 pin DIN inline . socket 
•ngth 5m 

~
'n DIN plug to 3 p1n DIN plug 1 & 4 and 3 & 5 
ath 1 5m 
;;, DIN plug to 2 p1n DIN socket Length tOm 

p1n DIN plug to 2 Phone plugs Connected 
s 3 & 5 Length 1 5m 
\i n DIN plug to 2 Phono sockets Connected 

\~ ~~~ ~~~~~~ ~;c; Phono plugs Connected 
pons 3 & 5. Length 23cm 

1 36 Coded stereo headphone extens ion lead 
Black. length 6m 

1 7B AC mains lead for calculators . etc 

£0-85 

Price 
£0-69 

£0-86 

£0-98 

£0-98 

£1 ·44 . 

. £0·18 

£1 ·21 

£1 -04 

£0.69 

£1 ·72 
£0 ·85 
£0 -85 

£0-85 

£1.49 

£0·92 

£1.21 

£0-78 

£0-95 
£1-13 

£0-86 

£0-78 

£0-78 

SUPERSOUND · 

SAVING! ~;;;-. Dl N DV .\<.· .. ·: • 
LOW NOISE CASSETTES ::: :: .. ·. 
0 /no. 3193 
0 /no. 30t 
0 /no. 302 
0 /no. 303 

30 min lettertape 
Dindy C60 tape 
Dindy C90 tape 
Dindy C 120 tape 

£0-38 each 
£0-41 each 
£0-52 each 
£0·75 each 

TRANSFORMERS 
MINIATURE MAINS Primary 240V 

~o"2t ~~~~~'roomA 
2022 9V- 0--9V 1 00mA 
2023 12V- 0-· 12V tOOmA 

MINIATURE MAINS Primary 240V 
w1th two ondependent secondary w indings 

~o"24 iJf2•s0--0-6V 0-6V RMS 
202S MTI50 -0-- t 2V0-12VRMS 

1 AMP MAINS Pn mary 240V 
No. Second•rv 
2026 6V- 0--6V 1 amp 
2027 9V - 0--9V t amp 
2028 12V- 0 -1 2V t amp 
2029 15V - 0--1 5V 1 amp 
2030 30V- 0-30V t amp 

STANDARD MAINS Primary 240V 

Price 
£2-88 p & p 45p 
£2-30 p & p 45p 
£2-00 p & p 55p 
£3-16 p & p 66p 
£3-97 P & P B6p 

Price 
£1-04 
£1 -04 
£1-29 

Price 
£1-84 
£1·84 

Mult• -tapped secondary mains tran~formers avai lab le in t amp , 

~mt9J~~3}_4~~0Vc~~~~~e;~~~a~l~bleS~~~~ed~{iap~aps are 
4 . 7 . 8 . 10. t4 . 1 5. 1 7 . 19. 2 5. 31 . 33 . 40. 2 5-D- 2 5V 
No. Rating Price 

~g~~ t :~6 ~u~ ~ ~ ~ ~~6 
2033 2 amp £6. 27 P & P (1 
2035 240V Primary 0- 55V. 

2A Seconda"' £7 -30 P & P ( 1 

SPECIAL OFFER 
2042 240V Primary 0--20V , 2A Secondary. By removing 5 turns 
fo r ~ach ':'ott frof!l the s.econdary wmd•ng any voltage up to 20V " 
2A •s easdy obta •nable •deal for the experimenter 

£1 -50 p & p 86p 

Type No Price 
T03 - single heat sink 873 £0-31 
T03 - double heat sink 874 £1-38 
Double sided heat sink 875 £1 :67 
T05 39 heat sink 876 £0-16 
TO 1 B - heat sink 877 £0-14 
TO 1 - heal sink 878 £0·09 

~ 
All prices include VAT: Add 50p post per order- Just quote your Access ·or ~~ 

Barclaycard number I 
Terms: Cash with order, cheques, POs. payable to Bi-Pak at above address 1 

WIRELESS WORLD DECEMBER 1980 

A d ·v e -r t i s e m e n t s ' 
·accepted up to 12 
noon Monday, De

: camber 5th, for Jan- : 
uary issue, subject to.' 
space being available., 

From Bahrain ... 
... to Bognor 

Use Your 
Mini-Micro-Digital 

Hardware I Software 
Ability 

1 OOs of interesting and 
progressive opportunities at all 

levels in 
Design -Test - Sales 

Service - Support 
Most .UK areas- some overseas 

Ring MIKE GERNAT 
076-384 676 (24 hours) 

ELECTRONIC COMPUTER 
AND MANAGEMENT 
APPOINTMENTS LTD. 
148/150 High Street 

Barkway, Royston, Harts 
SGB BEG 

rR 1 ~~ 

131 

Appointments 
, . ~ 

DISPLAYED APPOINTMENTS VACANT: £12.00 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £2.00 per line, minimum three lines. 
BOX NUMBERS: £1 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS. 
PHONE: Eddie Farrell, 01-661 3500, Ext. 8158. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A. T. 
~ . ~ 

Take Your pick 
HF-VHF-UHF-

Microwave Optics & Acoustics 
A ch~:lllenging and full career in 
Government Service. 
Minimum qualification - HNC. 
Starting salary up to £6,737 (under review). 
Please apply for an application form to the 
Recruitment Officer (Dept. WW9) 
H.M. Government Communications 
Centre, Hanslope Park, Milton Keynes 
MK197BH. 

SENIOR ENGINEER 
Radio Links Maintenance 

Salary £11 .406 

Independent Television News Limited has a vacancy for a Senior 
Engineer in their new ENG Maintenance Section . 

The successful applicant would be a member of the small team 
responsible for the maintenance of our Radio Link Equipment and 
extensive R /T Networks . This is a rapidly expanding field. following 
the introduction of Electronic News Gathering to ITN . Previous 
maintenance experience with RF systems is essential . 

The successful applicant would be based at ITN House in Central 
London but occasional travel would be necessary. Benef1ts mlcude a 
generous pension scheme and free life insurance . 

Telephone 01-637 3144 for an application form quoting vacancy 
number 30302. · 

(7B8) 

PRESTON POLYTECHNIC 
FACULTY OF SCIENCE 

AND TECHNOLOGY 
SCHOOL OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 

Applications are invited for the post of 
CHIEF LABORATORY TECHNI
CIAN. 
Salary Grade T5: £5973-£6381 per 
annum plus an additional allowance 
up to £87 per annum for an accept
able technician qualification (pay 
ward pending). 
361.4 hours, 5-day week. Post super
annuable. 
The successful candidate will be res
ponsible to the Head of School for the 
efficient operation .of laboratory 
services within the School. He/she 
must have the ability to control and 
provide technical leadership for a 
group . of Senior Laboratory 
Techmc1ans I Laboratory Technicians. 
The work will vary from the design 
and construction of experimental 
rigs to ensuring regular servicing of 
undergraduate /technician laboratory 
classes . Applicants should have ex
perience of staff control, sound 
electronic I electrical engineering ex
pertise and possess a recognised 
techn1c1an quahf1cat1on 
Application forms and further details 
obtainable from the Personnel Officer 
Preston Polytechnic, Corporatio~ 
Street, Preston, PR 1 2TQ. 

Reference No. NT/80/81/35 
Closing date : 14 days after the 
appearance of the advert . (829) 

www.americanradiohistory.com

www.americanradiohistory.com


130 

BOOKS BY BABANI 
BP6 Engineers & Machinists Ref . Tables 
BP14 

~~dp?~~~t~r~~f~~tfg~~~~;~ ~q~ivbl BP24 
BP26 Radi.o Antenna Bo.ok Long Distance Ae-

c~otron & Transmr~sion 
BP27 Grant Chart of Radro Electronic Semi -

BP32 
conductor & LOIJiC Symbols 
Build Metal & TreasUre Locators 

BP35 Handbook of IC Audio Preamplrfier & 
Power Amplrfrer Construction 

BP36 
BP39 

50 Cicts use Germ/S 11/Zener Diodes 

6fgit~/1cE:~~r1v~ra;sp[;,'~~~~ection BP40 
BP41 Lmear IC Equivs. & Pin Connection 
BP42 50 Simple LED Circuits 
BP43 How to make Walkie -Talkies 
BP45 Projects on Opto-electronics 
BP46 Radi? Circuits Using IC 's 
BP47 Mobrle Discotheque Handbook 
BP4B Electronics Proje_cts fo~ Beginners 
BP49 Popular Electronrc Projects 
BP50 IC LM3900 Projects 
BP55 Radio Stat ions Guide 
BP160 ~~~~be;~~no~~;,~~~~rt~~ti(i~c~i~~E~1u r va -BP202 

Ients & Substrtutes 
BP205 1st Book HI- FI Speaker Enclosures 
BP213 Ci rcuits for ~od~l Railways 
BP215 Shortwave_ C~rc u lts & Gear for E)(perimen-

ters & Rad1o Hams 
BP217 fa'~~~~dT~~";i;;o~ufr~\~c~;ndbook BP221 
BP222 Short-~ ave R~ceivers for Beginners 
BP223 50 Projects usrng IC CA3130 
BP224 50 CMOS IC Projects 
BP225 A ~ractical lntro to DigitaiiC's 
BP225 8urld Advanced Short-wave Receivers 
8P227 Beg rnners Gurde to Burldrng Electron 'c 

Projects 

2 I 6 Transis tors 3rd Ed 
2 1 8 Radio & Television 

l 2 19 Electronics 
220 Colou r TV 2nd Ed 
221 Hi -Fi 
223 20 Sol id State Pro j. for Home 
224 110 Int. Circ . Pror . for Home 
231 Beginners Guide to Transistors 
2 32 Begrnners Guide to Electnc Wiring 
233 Be~rnners Gurde to Radro 
234 Gurde to Colour TV 
235 Electronic Diagrams 
236 Electronic Components 
237 Printed Circu i t Assembly 
238 Transrsto r Pocket Book 
240 Semrconductor Handbook Part 1 
241 Semrconductor Handbook Part 2 
242 Electronics Pocket Book 
244 Beginners Guide to Integrated Crrcuits 

BI -PAK CMOS Data Book 

SWITCHES 
De..:ription No. DPDT miniature slide 1973 
DPDT standard slide 1974 
Toggle switch SPST 12 amp 2 50V ac 1975 
Toggle switch DPDT 1 amp 250V ac 1976 
Rotary on-oti mains switch 1977 
Push switch - Push to make 1978 
Push switch - Push to break 1979 

ROCKER SWITCH Colour No. A range of rocker RED 19BO switches SPST - moulded BLACK 1981 in high insulation WHITE 1982 material available rna BLUE 1983 choice of co lours ideal YELLOW 19B4 for small apparatus LUMINOUS 1985 

De..:ription No. Miniature SPST toggle 2 amp 2 50V ac 195B Mrniature SPST toggle 2 amp 2 50V ac 1959 M rnrature DPOT toggle 2 amp 25DV ac 1960 M rnrature DPOT toggle centre oH 2 amp 
250V ac 

1961 Push -bu t ton SPST 2 amp 250V ac 1962 Push-button SPST 2 amp 250V ac 1963 Push -t!tJtton DPDY 2 amp 250V ac 1964 

£0-50 
£1 -10 
£0-95 

£0-85 

£0-68 
£1·00 

£1·25 
£0 -75 
£1-25 
£2-50 
£2-75 
£0-75 
£1-25 
£1 -25 
£1-35 
£1-35 
£1·35 
£1-45 
£1-35 
£1-45 
£0-75 

£1 .00 
£0-75 
£1-00 

£0-85 
£0.85 
£1-25 
£0-95 
£0-95 
£0-95 
£0-95 
£1-20 

£1-25 

Price 
£0-16 
£0-17 
£0 -38 
£0-48 
£0-58 
£0-16 
£0-21 

Price 
£0-35 
£0-35 
£0-35 
£0-35 
£0-35 
£0 -35 

Price 
£0 -81 
£0-86 
£0-91 

£1 -07 
£1 -04 
£1 -09 
£1-34 

MIDGET WAFER SWITCHES 
Srngle bank wafer type- suitab le for switching at 2 SOV ac 1 OOmA 
or 1 50V _ de non - reacti~e loads r:nake -before-break contacts 
These sw, tches have a sprndle 0 ·25 rn dia . and 30 indexing. 

Deac:ription 
1 po le 
2 pole 
3 pole 
4 pole 

12 way 
6 way 
4 way 
3 way 

No. 
1965 
1966 
1967 
1968 

Price 
£0-55 
£0-55 
£0-55 
£0-55 

MICRO SWIT.CHE.S No. Price 
Plast•c button g•ves s•mple 1 pole change over action £0·29 
Rat ing 10amp250Vac 1970 

OPTOELECTRONICS 
NEW INCREASED RANGE-All 1ST QUALITY 
LEOS (diHuaed) 
0/No. Type 
1501 ARL209 1Til209) 
1502 MIL3232 ITIL2111 
1 503 M IL333 1 IOPL212AI 
1504 AAL4850 IFLV1171 
1505 MIL5251 (TIL222 1 
1506 MIL5351 IMV53531 
1509 fLV111 

SUPER "HI 8RITE"' TYPE 

Siz• 
3mml · 1251 
3mm 1· 1251 
3mml · 1251 
5mm 1·2 I 
5mm 1·2 I 
Smm 1·2 I 
5mm 1·2 I 

Colour 
RED 
GREEN 
YELLOW 
RED 
GREEN 
YELLOW 
CLEAR 
(ill .' Red) 

1521 MIL32 3mm 1· 1251 RED 
1522 MIL52 Smm 1·2 I RED 
1514 ORP12 Light dependent resistor 
1520 OCP71 Photo transistor 
LED CLIPS 
1 508/ 12 5 pack of 5 1 2 5 clips 
1 508/2 pack of 5 2 clips 

DISPLAYS 

Price 
£0-12 
£0-22 
£0-22 
£0-12 
£0-22 
£0-22 
£0-13 

£0-12 
£0-12 
£0-63 
£0-40 

£0-17 
£0-21 

DL 703 7 segmen t D P left 130'" height) Common Anode 
~EO Srngle Drgrt O; NO I 523 . £0-85 
DL707 7 serJmen t D P left 130"" height! Common Anode 

~~~2~i n'l~egi);l;~nt D P left 150"" height) · O! NO 
1 ~~~mon ;~~~! 

RED Two- Drgrt Reflector 0 / NO 1524 £2 -08 
DL727 7 segment D Pright 1-· 10"" height( Common Anode 
RED Two- Orgit Lrght Prpe 0/NO 1 512 £2-07 
DL 7 4 7 7 segment D P left 1630" height) Common Anode 
~~~c3~~~oi1~J~~~ Prpe O/ NO. 1s11 £1-73 
Isolation Breakdown- Voltage 1500~continuous fwd . current 100 
mA 
CIL74 Sin\i)le Channel 6 pin DIP standard type- optica lly coupled 
pa1r w 1th 1nfra -red LED Em•t ter and NPN S1llcon Photo Tran 
sistor 0 / NO 1497 £0-61 
CILD74 Multi -Channel 8 pin DIP Two Isolated Channels 

0/NO 1498 
CILQ74 Multi -Channel 16 pin DIP Four Isolated Channels 

0 / NO. 1499 
MELLII (Til81) NPN LIGHT DETECTOR 

£1 -22 

£2-69 

Silicon Photo Darlington Acnplifier- VCBO 30V VECO 1 OV 1 c 
1 OOmA Prot 300mW IL Min . 0 ·5 Typ 2mA 1 D 1 ODmA nA 

0 / NO. 1495 £0 -29 

Deacription No. Price 20!"flm · 5mm chassis mounting 506 £0-18 
~ t:~ : ~a!:~ii~:a1~~~ mounting 507 £0-14 

SOB £0-18 Panel mounting 20mm 509 £0·23 
~aui'bK0sl:gW k~~m 510 £0·37 

T!g~A No. Type No. Type No. 611 7p 1A 6 15 6p 3A 619 6p 250mA 612 6p 1·5A 616 7p 4A 620 lOp 550mA 613 6p 2A 617 6p 5A 621 6p 
i~n~u~1rie :em,;, 5

A 
618 7p 

~~bmA No. Type No. Iv!: No. 622 1A 625 628 250m A 623 2A 626 3 · 15A 629 500m A 624 1/ oA 627 SA 630 
All 8p each 

QUICK-BLOW 1iin. 

1~g~A ~:fi I~g~A No. 
J6g~A No . 

632 634 

Type No. T e All 8~~ach 
Type No. 1A 635 2,YfA 638 4A 641 2A 637 3A 639 5A 642 

All 60 each 

NUTS AND BOLTS 
BA BOLTS -packs of BA threaded cadmiu m plated 
slotted cheese head Supplred rn mu lt ipl es of 50 
Type No. Price Type No Price 

~ :~ g~~ ~~6 ~~:~: t:~ 1~~ ~~~ £0 -37 
lrn 2BA 842 £0-75 f,n 6BA 848 ~g:!: 
t rn 2BA 843 £0-52 t'n 6BA 849 £0-24 
f:~ ~~~ ~1~ ~g:~~ ,in 6BA B50 £0 -20 
BA NUTS --packs of cadmium plated full nuts rn multiples of 50 
Type No. Price Type No_ Price 
DBA 855 £0-83 4BA 85 7 £0 -35 
2BA 856 £0-55 . 6BA . 858 £0-28 
BA WASHERS - flat cadmrum plated pla rn stamped washers 

i':,;'~recJ '" mui:J'~es ~J~.; Type No. Price 
DBA !:159 £0·16 4BA 86 1 £0-14 
DBA 860 £0-14 6BA 862 £0-14 
SOLDER TAGS- Hot tinned supplied in multiples of 50 

~t';.• :5°{ ;gc;.; r~~e :soj Price 
2BA 852 £0·32 6BA 854 ~g:~~ 

AUDIO LEADS 
No. Type 
107 FM indoor Ribbon Aerial 
113 r ~~m Jack plug to 3 . 5mm Jack p lug length 

114 ~in~i; E~Nie~~ut~ 1ro5~·5mm Jack connected to 

115 ~i n~i~ E~Nie~~u1~ 1to51~1 5m~ Jack connected to 

116 c.ar aeria l ex tension screened insulated lead 
F1tted plug and socket 

117 AC marns _connect ing lead for Cassette record
ers and rad•os 2 metres 

11 8 JaS~o3.'e~ phono plug to stereo headphone. 

119 2 2 P.in DIN plugs to stereo Jack socket with 
attenuat1on network for stereo headphones 
Le~h0 · 2m 

h20 Car. stereo connector. Vanable geometry plug 
to f1t . m~st car .cassettes. S- track cartridge and 
combrnatron unrts. Supplied with inl ined fuse 
power lead and instructions 

123 6 ·6m Coiled Guitar Lead Mono Jack plug to 
Mono Jack plug Black 

124 3 prn DIN plug to 3 pin DIN plug. Length 1·5m 

~~( ~ P~~n °~~NP 1 ~ru~0 1~ P{~n~~~ ~~.,9~ ~~JlrhL~n~~ 
1· 5m 

12 7 5 pin DIN plug to 4 Phono Plugs. All colour 
coded . Length 1· 5m 

12 8 ~ t~n DIN ?lug to 5 pin DIN socket. Length 

12 9 5 pin DIN plug to 5 p in DIN plug mirror image 
Lenljth 1 ·Sm 

130 2 prn DIN plug to 2 pin DIN in line . socket 
Length 5m 

131 ~e~i~1 ~ \Nt~ug to 3 pin DIN plug 1 & 4 and 3 & 5 

132 2 pin DIN ptug t o 2 pin DIN socket . Length 1Om 
133 S prn DIN plug to 2 Phone plugs Connec ted 

prns 3 & 5. Length 1. 5m 
134 5 prn DIN pl ug to 2 Phono sockets Connec ted 

135 ~'n;;,; ~~~ ;~~~~~ ~~c;;" Phono plugs Connected 
prns 3 & 5. Length 23cm 

136 Coiled stereo headphone extens1on lead . 
Black. length 6m 

1 78 AC ma ins lead for calculators. etc 

30 min lettertape 
Dindy C60 tape 
Drndy C90 tape 
Dmdy C 120 rape 

MINIATURE MAl illS Primary 240V 
w1th two mdependent secondary windings 

~~24 ~YC80-0-6V 0-6V RMS 
2025 MT150 - 0-12V0-12VRMS 
1 AMP MAINS P11rnary 240V 
No. Secondary Price 
2025 6V- 0-6V 1 amp £2-88 p & p 45p 
2027 9V- 0-9V 1 amp £2-30 P & p 45p 
2028 12V- 0 - 12V 1 amp £2 -00 P & p 55p 
2029 15V -0-15V1amp ·£3-16 P&P66p 
2030 30V - 0-30V 1 amp £3 -97 p & p 86p 

Price 
£0-69 

£0-86 

£0-98 

£0-98 

£1-44 

. £0-78 

£1-21 

£1-04 

£0-69 

£1-72 
£0-85 
£0-85 

£0·85 

£1-49 

£0-92 

£1-21 

£0-78 

£0-95 
£1-13 

£0-86 

£0-78 

£0-78 

Price 
£1-84 
£1·84 

STA.NDARD MAINS Primary 240V 
Mul11 -tapped secondary mains tran~formers available in lamp 1 

~ ~1P9- 2 5~3~-4{; ~ov~ ~~~;~e; ~:·a~l~ ·bles ~Yc~~ed~!Yao~aps a're 
4 . 7 . 8. 10.14, 15. 17. 19. 25. 31 33. 40.25-D- 25V 
No. Retong Price 

~g5i J ~~g ~~:~~ P & P B5p 
2033 2 amp £6-27 ~ ~ ~ ~~p 
2035 240V Primary 0 - 55V" 

2A Secondary £7 -30P&Pf1 
SPECIAL OFFER 

2042 240V Pr imary 0-20V" 2A Secondary. By removing 5 turns 
for each volt from the secondary wrnding any voltage up to 20V • 
2A •s easily obtamable •deal for the experimenter 

£1-50 p & p 86p 
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r .. . ·-··· ---. . . -., 
Ad v e r t i semen t s ' 

·accepted up to 12 
noon Monday, De

: cember 5th, for Jan- ; 
uary issue, subject to.' 
space being available. , 

~ ~ 

From Bahrain ... 
... to Bognar 

Use Your 
Mini-Micro-Digital 

Hardware I Software 
Ability 

1 00s of interesting and 
progressive opportunities at all 

levels in 
Design - Test - Sales 

Service - Support 
Most UK areas - some overseas 

Ring MIKE GERNAT 
076-384 676 (24 hours) 

ELECTRONIC COMPUTER 
AND MANAGEMENT 

APPOINTMENTS L TO. 
148/150 High Street 

Bark way, Royston, Harts 
SG88EG 
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Appointments 
~ -., 
DISPLAYED APPOINTMENTS VACANT: £12.00 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £2.00 per line, minimum three lines. 
BOX NUMBERS: £1 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS. 
PHONE: Eddie Farrell, 01-661 3500, Ext. 8158. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A. T. 
~ ~ 

Take Your pick 
HF-VHF-UHF-

Microwave Optics & Acoustics 
A ch~lllenging and full career in 
Government Service. 
Minimum qualification - HNC. 
Starting salary up to £6,737 (under review). 
Please apply for an application form to the 
Recruitment Officer (Dept. WW9) 
H.M. Government Communications 
Centre, Hanslope Park, Milton Keynes 
MK197BH. 

SENIOR ENGINEER 
Radio Links Maintenance 

Salary £11 ,406 

Independent Television News Limited has a vacancy for a Senior 
Engineer in their new ENG Maintenance Section. 

The successful applicant would be a member of the small team 
responsible tor the maintenance of our Radio Link Equipment and 
extensive R/T Networks. This is a rapidly expanding field, following 
the introduction of Electronic News Gathering to ITN. Previous 
maintenance experience with RF systems is essential. 

The successful applicant would be based at ITN House in Central 
London but occasional travel would be necessary . Benefits inlcude a 
generous pension scheme and free life insurance . 

Telephone 01-63 7 3144 for an application form quoting vacancy 
number 30302. 

(788) 

PRESTON POLYTECHNIC 
FACUL TV OF SCIENCE 

AND TECHNOLOGY 
SCHOOL OF ELECTRICAL AND 

ELECTRONIC ENGINEERING 
Applications are invited for the post of 
CHIEF LABORATORY TECHNI
CIAN. 
Salary Grade T5 : £5973-£6381 per 
annum plus an additional allowance 
up to £87 per annum for an accept
able technician qualification (pay 
ward pending). 
36'/.t hours, 5-day week. Post super-
annua~e . · 
The successful candidate will be res
ponsible to the Head of School for the 
efficient operation .of laboratory 
services within the School. He/she 
must have the ability to control and 
provide technica_l leadership for a 
group of Senior Laboratory 
Technicians I Laboratory Technicians. 
The work will vary ·from the design 
and construction of experimental 
rigs to ensuring regular servicing of 
undergraduate /technician laboratory 
classes. Applicants should have ex
perience of staff control, sound 
electronic I electrical engineering ex
pertise and possess a recognised 
technician qualification 
Application forms and further details 
obtainable from the Personnel Officer, 
Preston Polytechnic, Corporation 
Street, Preston, PR 1 2TQ. 
Reference No. NT /80/81/35 
Closing date: 14 days after the 
appearance of the advert. (8291 
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ENGINEERING OPPORTUNITIES 
Telemotive uk Ltd is a Company in association with a 
major U.S.A. manufacturer with world leadership in the 
radio control of industrial machines, systems and 
processes, in collision prevention, and in other industrial 
electronics activities. 
Our principal products are founded on the Near Field 
Induction Effect and on other inductive techniques in 
the 300kHz band. No other U.K. company has a 
comparable product line and our business therefore 
offers engineering experience of unusual Interest. 
Training in our techniques is provided. 

COMMISSIONING ENGINEER 

We currently require an engineer with the ability to work 
independently, commissioning, servicing and testing 
systems on customer's sites. In addition, the engineer 
would at times work on systems requiring service at 
base (Hersham). 
The position involves travelling within the U.K. and will 
take the engineer into a wide variety of industries. A 
company car is provided. 

ELECTRONICS TECHNICIAN 

We also require a technician whose duties would 
include assembly, wiring and test of complete 
equipment as well as testing small batches of PCBs. He 
or she would work with a small team of engineers but 
must be able to work unsupervised. 
Previous experience of wiring is essential, preferably to 
military standards. Previous production testing 
experience would be an advantage. 

Telemotive is a good employer. We look only for above average 
personnel, and this is reflected in the conditions of employment 
offered . 
Please apply in writing, giving details of previous experience and 
training , to:-

NOTICE TO CLASSIFiED 
ADVERTISERS 

HE-CHANCE OF ADDRESS 
Please note that Wireless World has now 
moved to Sutton, Surrey and all classified 
·advertisements should be sent to the following 
address: · 

Classified Department 
WIRELESS WORLD 

Quadrant House, The Quadrant 
Sutton, Surrey S M 2 5AS 

Tel. 01-661 3500, Ext. 8158 
telex: 892084 BISPRS G 

wireless world 
COMPUTER TECHNICIAN~ T2 

A new post in our Computer Centre for maintenance of terminal and 
peripheral equipment of all kinds, clearing faults wherever possible, 
etc. 

Salary: T2 £3990 to £4476 

For further ·details contact: 'Personnel,' The Polytechnic Waiver
hampton, The Molineux, Molineux Street, Wolverhampton, 
WV11SB. Tel. W'ton 710654- 24-hour ansaphone . 

(823) 
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INNER LONDON EDUCATION AUTHORITY 

LEARNING MATERIALS SERVICE TELEVISION CENTRE 
Thackery Road, Battersea, S.W.8 

VIDEOTAPE ENG~NEER (ST3) 
The Learning Materials Service produces teaching programmes in 
colour for ILEA schools and colleges, many of which are marketed 
throughout the U.K. and abroad. There is a Television Studio and 
mobile unit and a film unit. The programmes are recorded in the 
master control section on eroadcast standard videotape (CCI R formats · 
A and C). This section carries out all editing and post-production work, 
and provides large scale duplication on a variety of helical videocass
ette formats. _ 
A vacancy has arisen in this section, which consists of four senior 
engineers . Applican'ts will be expected to have good operational 
experience of videotape, with a thorough understanding of the 
technical features, and to have appropriate technical qualifications. A 
general grounding in colour television theory is essential. The 
successful candidate will be expected to undertake maintenance of the 
broadcasting and tape machines and associated equipment, as well as 
the operational functions. Some overtime is requi.r.ed . 

Salary within the scale £7904 to £8498. 

Application forms from EO/Estab., 1C Room 365, The County HaiL 
S.E.1. Telephone No . 633 7456/8848. 

Radio Communications 
Electronics Engineers and 

Softw_are Designers 

(808) 

Mid-Sussex-S.W. London Salaries up to £8,000 
To join our expanding R&D Laboratories covering a wide range of R. F. 
spectrum, from L.F . to V.H .F. Equipments include transmitters and 
receivers for marine- and land-based use, radio navaids and radio 
monitoring remote computer-controlled systems . 

Electronics Engineers should have experience in transmitter or receiver 
design, analogue or digital circuit design, microprocessor applications. 
Software Designers should be experienced Programmers with an 
interest in control, signal processing or navigational software . 

Attractive salaries are complemented by excellent prospects and 
generous benefits . 

Contact : David Bird, Redifon Telecommunications Limited 
Broomhill Road, Wandsworth, London, S.W.18. Phone: 01-874 
7281 (reverse charges). 

GLASGOW Sub-Region 
EDUCATION DEPARTMENT 

ELECTRONICS TECHNICIAN 
Glasgow College of Nautical Studies 

(9938) 

Salary Scale- Tech. 'A/C'- £3,618-£5, 130. Placing according to experience 
and qualifications. 

The successful applicant will be required to maintain the electronic and 
associated systems of the ship simulator after a period of specialised training . 
Typical qualifications required: C.G.L.I. Marine Radio and Radar Certificate or 
Technician Certificate in Electronics. 
Ex-Service personnel with equivalent training and/or qualifications would seem 
to be particularly suitable for this post . 

Application forms may be obtained from the Assistant Director of Manpower 
Services, Gla•gow Sub-Region, Strathclyde House, 8 India Street, 
Glasgow, to whom completed forms, quoting Ref . G2939, should be returned 
by 3rd December, 1980. 

R. M. 0. McCulloch 
Director of Manpower Services 

(799) 

WIRELESS WORLD DECEMBER 1980 133 i 
Appointments 

Increased home and export orders for our 
broadcast TV products mean that we are 
looking widely to recruit staff to fill . new 
vacancies and others created by promo
tion of engineers .who have been with us 
.some time. 

. SYSTEMS ENGINEERS - TELEVISION 
Experienced engineers a.re needed to work on design and project management of Outside Broadcast vehicles and 
television studios . This is an opportunity for engineers to become involved in projects from their initial design 
concept, through manufacturing to delivery and installation. 

. Our custom built systems require a high degree of customer contact at engineering level, rrorn u1e 1nitial design 
stage to the . necessary training of operational staff on completion of the contract ,,. both within the UK and 
overseas. 

You should have a knowledge of TV studio engineering gained from experience in this type of work or from 
, experience in the operational side of television . 

DESIGN AND DEVELOPM_ENT ENGINEERS- V-IDEO 
Anexperienced engineer who will be involved in the design of studioyroducts, including a new range of co.lour 
cameras, using the very latest analogue and digital techn~ques. You will have th: opportun1ty to see your des1gns 
made in volume production, fulfilling the high technology requirements of the 80s. 

We are looking for engineers who are qualified to degree or H N D level. and who have at least four years' 
experience in the design of electronic equipment, with some knowledge of v1deo engmeenng and m1croprocessor 
techniques. 

TEST. ENGINEERS 
We require engineers at intermediate level to as,sist in the manufacture of our new range of products for the 
Broadcast'studio television market. 

You need to have an up-to-date knowledge of digital and linear circuit techniques gained from experience working 
on broadcast television, or similar sophisticated 'products, and be capable of faultfinding down to component 
level. · 

We are a young, successful Company, well known in international television circles, operating from our modern 
'purpose-built factory in Andover. Salaries offered are very competitive, and supplemented by generous hol1days, 
free life and health insurance, pension scheme, subsidised meals and relocat1on expenses. 

PLEASE WRITE GIVING FULL DETAILS OR' .PHONE JEAN SMITH AT THE ADDRESS BELOW FOR AN 
APPLICATION FORM . 

LINK 
ELECTRONICS 

Link Electronics Limited, 
North Way, Andover, 
Hants, SP10 5AJ. 

Telephone: (0264) 61345 

(800) 
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Technicians. in • -
• Communications . t require 

I 
• 

GCHQ We are the Government 
Communications Headquarters, based at 
Cheltenham. Our interest is R & D in all types 
of modern rad io communic-ations- H F to 
satellite - and their security. 

• 
FIELD SERVICE 

ENGI·NEER CAR AUDIO 
c. £7,000 + Car 

I 
• 
I 
• 

THE J 0 B All aspects of technician support to 
an unparalleled range of communications 
equipment, much of it at the forefront of 
current technology. 

LOCATI 0 N Sites at Cheltenham in the very 
attractive Cotswolds and elsewhere in the UK; 
or:portunit ies for service abroad. 

• 
I 
• 

Applicants should hold a C. & (3. qualification in Radio and 
T.V. Electronics or Telecomi'Tiunications or an H .N.C. in 
Electronics. It is envisaged that the applicant should have up to 
5 years' experience, the specialist knowledge required to 
analyse and solve car suppression problems and have a wide, 
general knowledge of car audio equipment, together with a 
methodical approach to work and the ability to deal in a 
friendly, · polite way with people. You should hold a clean 
driving licence. · 

I 
• 

PAY Competitive rates, reviewed regularly. 
Relevant experience may count towards 
increased starting pay. Promotion prospects. 

TRAINING We encourage you to acquire 
new skills and experience. 

I 
• 

BENCH SERVICE 
ENGINEERS 

I 
• 

QUALIFICATIONS You should have a TEC 
Certificate in Telecommunications, or accept
able equivalent, plus practical experience. 
HOW TO APPLY For full details on this and 
information on our special scheme for those 
lacking practical experience, write now to 
Robby Robinson, Recruitm ent Office, 

I 
• 

Applicants should hold C. & G. Radio and T.V., Electronics 
Technician or equivalent certificate with a minimum of two 
years' experience in the Audio field. Alternatively, five years of 
relevant experience with sound knowledge of electronics is 

·acceptable . 

I I Salary up to £7,500 per annum , according to age and 
;experience. 

• GCHO, Oakley, Priors Rqad, Cheltenham, • 

Luncheon vouchers, four weeks' annual holiday and pension 
scheme. 
For further information, do not hesitate to contact: 

• ~:~i~gG L52 5AJ , ~,-= (• :-
11
. ;,1', 

' 

0242-21 491 , ' ' ' 
ext 2269 . I J J • - J - ..... , ---

E~ECTRONIC TECHNICIANS 
FOR PRODUCTION 

RESEARCH AND DEVELOPM ENT 
SERVICING 

OXFORD c. £5,500 
Research Machines is a young, successful company, 
being the ~eading U.K. manufacturers of micro
computer systems for research and education 

We are offering the opportunity of var ied and 
satisfying work on technically advanced equipment 
Applicants should be capable of prototype construc
tion, testing and updating drawings. Experience in 
working with comple_x TIL logic boards essential. 

You should be educated to A~level or ONC/HNC 
standard. or have relevant experience. Knowledge of 
microprocessors is not necessarily required . but 
applicants must be eager to acquire expertise in this 
field . 

On appointment you will be assigned to either 
production, servicing or research and development 

:e~~~rt~~~r~~~~g:tfh;r5~~h0 gf:d
3 c~~~~~~; :eenee~i~: 

and the opportunity to acquire a 380Z computer at 
low cost 

Please write, giving full details of your experience, to 
Mrs . Diane Hinton, Research Machines ltd., P.O . 
Box 7 5, Oxford OX2 OBW 

THE POLYTECHNIC 
WOLVERHAMPTON 

(821) 

TV SERVICING 
TECHNICIAN (T3/ 4) 

To maintain and repair video reco rders. 
monitors, TV cameras and control gear . 
Good environment with potential to further 
development . Additional t raining may be 
available . 

Previous applicants still under considera· 
lion . 

Salary: £4581 to £5784 

Details from: 
' Personnel' 

The Po lytechnic 
W olverhampton 

(Tel: W olvarhampton 710654 

24-hour ansa phone 1831) 

CAPITAL HOUSE CAPITAL ~~~~E~I NDMI LL 
APPOrNIM ENTS ·ern. ~~~~~!:~~~~~G 
'THE UK's 'No. 1 ELECTRONICS AGENCY 

Design, Oev . and Test to £9,000 
Ask for Brian. Cornwell 

SALES to £1 2,000 plus car 
Ask for Ken Sykes 

FIELD SERVICE to £8,000 plus car 
Ask for Maurice Wayne ' 

W e have vacancies in ALL AR EAS of the UK 

Telephone: 01 -63 7 555 1 (3 lines) 

Inner London Educat ion Authority 
GARNETT COLLEGE 

Dow nshire House, Roehampton Lane, London, SW15 4HR 
01-789 6533 

Electrical Engineering 
Resource Centre Technician 

(Grade 4) 
Technician in the college's Resource Centre and electrical/electronic section; opportunity to 
develop a wide range of technical skills. Some experience in servicing electrical equipment 
desirable. 

Salary: £4,756-£5.422 including london Weighting. 

Appl icants should possess an ONC or an Ordinary City and Guilds, or have done a recognised 
apprenticeship and should have at least 7 years ' relevant experience. 

Further details and application forms, returnable within 1 0 , days, from the Acting Chief 
Technician at the college . (Ref. WW) (825) 

(776) 

UNIVERSITY OF PAPUA NEW GUINEA 

Applications are invited for the post of 
SENIOR TECHNICAL OFFICER IN THE 
DEPARTM ENT OF HUMAN BIOLOGY 

Applicants should have a Diploma in 
Medical Technology or Science Laboratory 
Techniques or equivalent. Those with ex
perience in the field of physiology will be 
given preference. A substantial part of the 
duties will consist of supervision and on· 
the-job training of junior technical staff, with 
emphasis on training i n handling in 
strumentation . Salary : K14,050 p.a. (£1 
sterling = K 1. 58). Three year contract; 
gratuity; rent-free accommodation; family 
passages; baggage allowance; leave fares 
after 18 months service; education allo
wance; salary continuation scheme for 
extended illness or disabi l ity . 
Detailed applications (2 copies), including a 
curriculum vitae, a recent small 
photograph and naming 3 referees should 
be sent to the Secretary, Box 4820, Univer
sity P.O., Papua New Guinea, to arrive no 
later ihan 19 December 1 980. Applicants 
resident in U .K. should also send 1 copy to 
Inter-University Council. 90/91 Tottenham 
Court Road, London , W1 P ODT . Further 
detail s are available from either address . 

(~01) 

TOP-JOBSlN -
ELECTRONI.CS 

Posts 1n Computers, Mea1cal, 
Comms, etc . ONC to Ph .D. Free 
service. 

Phone or write : BUREAUTECH, 
AG Y, 4 6 S ELVAG E LAN E, 
LONDON , N W7. 0 1 -906 
0251. 

- (8994) 
~ 
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Communications Engineers 
and Technicians. 

Have you considered a career in 
Technical PublicityY 

Our Central Publicity Department, based in 
the pleasant Berkshire town ofWokingham, has 
opportunities for Communications Engineers & 
Technicians (Male or Female I who wish to move into 
technical publicity by joining a team involved in the 
production of \Vritten copy for a wide range of sales 
literature and technical articles. 

Even if you have never considered writing as a 
career, providing you have experience in 
communications, either data or radio. and an ability 
to express yourself clearly, we would very much like 
to hear from you. 

Those people currently employed in 
telecommunications services or the electronics 
industry or those about to leave the HM forces would 
find the work varied, stimulating and creative. A 

certain amount of tra\'elling will be in\'oh-ed for 
which a generous mileage allowance is pa\'able · 
Excellent pwspects exist for promotion to more 
senior positions. 

We can offer staff excellent salaries. Group 
pension scheme. free life assurance. fi\'e weeks' 
annual holidav and relocation expenses where 
applicable 

This is your chance to join the most successful · 
electronics Company in the L:.K. Apply in writing. or 
telephone. gi\'ing brief details of age. experience and 
qualifications to: 

Manager Group Personnel Ser\'ices. 
Racal Group Ser\'ices Ltd .. 
Western Road, BracknelL Berks. 
Tel: Bracknell10344l 3244 Ext. 149 

Britaiiis fastest growing electronics group 

ENGINEERING OPPORTUNITIES 

Samuelson Sight & Sound Ltd. is a well 
. established firm, which in the past few months 
has founcl, due to increasing business the 
need to take on both Video and Audio 
engineers. 

VIDEO ENGINEERS 
Well proven service background in all aspects 
of video, including television, television camera, 
video tape recorder both VHS and U-Matic 
formats. 

Salary negotiable dependent on experience. 

. AUDIO ENGINEERS 
Experience in all forms of audio equipment 
including sound mixing consoles, amplifiers, 
talk back systems etc. However if you have a 
good electronics background this would be 
considered. 

Salary negotiable dependent on experience. 

Please apply in writing, giving details of 
previous experience and training to:-

Mr. R.T.Morgan (Service Manager) 
Samuelson Sight & Sound Ltd. 
303/315 Cricklewood Broadway, 
London NW2 6PO 

SALARIES UP TO 

£13,000 

can be obtained despite the recession 

CURRENT VACANCIES INCLUDE: 

DESIGN ENGINEERS to work on counter measures for secure computers i.e. 
equipt to detect interference from voice radio telex etc., up to 1 :3GHz. Surrey to 
£13,000. 

VER~ATIL~ ":0UNG ENGINEERS to join high flying design team engaged on 
new mdustnal mstruments including: chart and data recorders, data acquisition 
and d1splay products. Exp. low frequency instrumentation and mpu controls 
essential. South Coast to £10,000. 

DESIGN ENGINEERS Digital video systems for security and document 
transmission ov~r satellite and viewphone. Experience in digital signal 
process1ng essent1al. Berks to £1 ,000. 

RF ENGINEERS &_ DIGITAL ENGINEERS for very advanced emergency 
serv1ces commun1cat1on system. Berks to £10,000 . 

DEVELOPMENT ENGINEERS pcb's for control of mechanical peripheral 
equipment . Rural Cheshire to £8,000. 

DEVELOPMENT E~GINEERS to work on a wide range of video cameras. 
video processmg equipment- and sonar. South West Coast to £8,000. 

PROJECT ENGINEER with drive and enthusiasm to develop analogue arid 
digital modules for automotive industry. Rural Gloucs . c£g,ooo. 

COMPUTER ENGINEERS Vacancies throughout U.K. in tech, support, field 
service, permanent site and systems test. Salaries range from exceptionally good 
to diabolical - but according to location and type of equipment . 

WANTED URGENTLY- ANY HARDWARE OR SOFTWARE ENGINEERS, TEST 
ENGINEERS, SERVICE ENGINEERS. TRIALS ENGINEERS. 

For further details, please contact: 

CharleS Airey Associab:s 
8 Hammersmith Grove. London W6 DNA. Tel: 01-741 4011 

PROBABLY THE BEST KNOWN SUPPLIER OF ELECTRONIC ENGINEERS IN THE COUNTRY 
(532) 
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GOVERNMENT OF DUBAI 

DUBAI RADIO AND COLOUR TELEVISION 
TELEVISION ENGINEERING DEPARTMENT 

TRANSMI.TTER ENGINEER 
A vacancy exists for one Television Eng ineer to augment an existing team w hich is 
respons ible for the ma intenance of VHF and UHF med ium and high pow er' 
transmitters. 

Cand idates should be exper[enced in the broadcast field and be fam iliar w ith routine 
testing procedures to ensure the cont inued goo9 performance of equipments under 
their control. Extensive use is made of SHF microwave li nks and candidates should 
be fami liar with the operation, testing and setting up of such equ ipment . The 
maintenance of a medium power FM stereo transmitter is also involved . 

Only candidates with some years of proven experience in broadcast eng ineering 
need apply. 

The contract will be for two years and full details of condit ions of service may be 
obtained f rom Falcon Televisio-n, 7a Grafton Street, London W1 X 4 HB, Telephone 
0 .1-629 6203. 

The salary scale for this post wi ll be £ 12000-£14000 Sterli ng per annum tax f ree 
depend ing on experience. 

Applications, which will be treated in strictest confidence shou ld be sent accom
panied by C.V. and UK telephone contact to :-

Chief Engineer, 
Dubai Radio and Colour Television, 
c / o Falcon Television Productions, 
7a Grafton Street, 
London, 
W1X4HB 

It is expected that interviews will be held in London in December. 
(787) 

St. a.rtholomew'a Ho.pital / 
St.~'aH....._. 

M..Sical Electronic. Deparm-t 

FIELD SERVICE 
ENGINEER 

We have a vacancy for a technician to join a 
small team maintaining Renal Dialysis 
equipment . The work involves servicing 
electronic and mechanical equipment in 
both the Dialysis Centre and in the patient 's 
homes. Rostered on call duties and overtime 
working are normally required . A current 
driving· licence is essential. Applicants must 
hold a recognised technical qualification . 

Salary scale (MPT Ill /IV) in range £4409-
£64 79 per annum inclusive of London 
Weighting . 

Job description and application form from ' 
Perao nnel Dep a r tment, St Bartho
lorMW'a Hoaphal, London EC1A 7BE. 
Telepho ne: 01 -800 eooo extenaion 
2271. 

Reference number P.TB/ 1,00 
(77~ 

UNIVERSITY OF EXETER 

DEPARTMENT OF 
PSYCHOLOGY 

TECHNICIAN 
Applications are invited for the post of 
(Audio Visual) Technician (Grade 4) in 
the Department of Psychology. Can
didates should have experience in the 
use of Video cameras V.T.R. and 
associated equipment; photographic 
skills and I or an interest in micro
processor interfacing would be an 
advantage. 

Salary will be on the scale £443 1-
.£5097 p.a., with initial placement 
according to qualifications and ex
perience. 

Letters of application, stating full 
personal details and the names of two 
referees, should be sent to M rs. 
Doreen Birch. Northcote House. 
Queen's Drive. Exeter. EX4 4Q.I, 
from whom further particulars are 
available, by 2 December 1980. 
Please quote reference No. 5153. 

(774) 

Surrey Education Committee 

Brooklands Technical College 
Heath Road, Weybridge, Surrey 

DEPARTM ENT OF TECHNOLOGY 
DO Dolby 

Lecturer 1-
Telecommun.ications I 
Electronics 
to teach TEC Certificate Courses and C & G 224. Industrial 
experience and qualifications to HNC/FTC preferred. Abil ity to offer 
Telephony-based subjects an advantage. 

Salary Scale: Lecturer 1-£4683-£8055 
plus .£213 per annum London Fringe Area 
Allowance · 
Commencing salary dependent upon qualifications and experience. 
General relocation expenses in approved cases. 
Further details and application forma from the Principal to be 
returned within 1 0 days after publication date. 

(819) 

Experienced T.V . aerial 

SYSTEMS ENGINEER 
required to work from 

S.E. London. 
Apply to: 

Greenwich Cablevision 
Limited. 307 Plumstead High 

Street. London SE18 1JX 
Tel: 311-3466 (778) 

AUDIO ENG·INEER. Small company 
re·qu!res Audio Engineer. The 
ap·phcant should be familiar with 
construction and . se·rvicing of a 
Wide range of aud1o equi·pment and 
should be capa,ble of working with
out s~peryision, prototype, R&D 
work 1mmment. Applicants should 
be 21-35 years of age. Salary 
£3,500-£5,000 per annum according 
to qualifications . Kelsey Acoustics , 
01-727 1046. (829 

ELECTRONIC 
TEST ENGINEERS 

W e manufacture and market audio noise reduction equipment which is 
used by major record ing companies, recording studios, the film 
industry and broadcasting authorities throughout the world. 
We need experienced Test Engineers to join a dedicated team who are 
proud to be world leaders in the manufacture of professional noise 
reduction equipment. 

Those with pract ical - knowledge o f electronic testing and rapid 
trouble-shoot.ing ability can enjoy varied and interest ing work and high 
rates of pay. 

Telephone TONY HILL 01-720 1111 

DOLBY LABORATORIES INC. 
346 Clapham Road. London. SW9 9AP (817) 

BROAD CAST ENGINEERS, £16,000 
neg. Permane·nt positions o·verseas. 
Tax free salaries , fi r st class ac· 
commodation and conditions. 
Apply: SPS EXECUTIVES (Ref 
1726) , Recr uitment Consultants, 
Delme Cou,rt, West Street, Fare
ham, Hampshire or better still tele
ph one (0392) 235611/236857, (597 

Electronics La.b-i:ira tory for- · main
tenance o.f Radiotherapy machines, 
Physics equipment. err scanners 
and Ulstrasound apparatus. Equip
ment includes Linea.r accelerator, 
two Cobalt units, 300 kv and super
ficial machines. Also development 
work on computerised Cobalt treat
ment unit film badge, reader, etc. 
QuaHfications - ON1C, HND or 

. . . . ~·~quivalent s·pecialising in elec-
ROYAL F REE HOSPI:I"AL. Ham p- twnics plus 3 years experience. For 
stead, NW3 Medical Physics Tech- details and application fonn -
nicians II and III. Salary on scale Personnel Dept, tel. 01·794 0500 e:ft. 
£5,132·£7,445. For _well equippe_d 4286 . Quote ref : 1487. (·821 
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COMPUTER& . 
DIGITAL FIELD 

ENGINEERS 
A Place on our specialist register_ 
ensures wide exposure to t he 
right ·opportunities with the min i
mum of time-wasting . 

We provide-

* Expertise of ex Field 
Engineer I Manager 

* Continuous update of your 
circumstances- we don't file 
and forget! 

* Genuine 24 -hour service- no 
answering machines. 

* No promises we can't keep. 

* Countrywide contacts. 
Ring now for a free 
Registration form-

01-464 7714. ext. 502 

·.• .-.l~- _·· ·---'! __ · _· . · ~_.v _".· 
J.~A 

RfCTROIIICS RECIUITM£!11 SERVICE 
IIGM ROAD. LOOGHTOI. ESSEX 

Ot-5021589/01-464 7714. EXT. 502 I (824) 

UNIVERSITY OF PAPUA NEW GUINEA 
Applications are invited for the post of 

SENIOR TECHNICAL OFFICER IN THE 
DE PAR T MENT O F C LINICAL 

SCIENCES 
Faculty of Medicine. 

Applicants should have a Diploma in 
Medical Technology or equiva lent with 
several years ' experience , preferably in a 
teaching institution . Those with experience. 
in the f ield of Immunology will be given 
preference. Appointee will be responsible to 
the Chairman of the Department (through 
the Laboratory Manager) for the co 
ordination of all technical services. Duties 
include supervision and on-the-job training 
of junior technical staff . Salary : K14,050 
p.a . (£1 sterling = K1 .58) . Three-year 
contract; _gratuity; rent-free accommodation; 

;family passages; baggage allowance; leave 
fares after 18 months' service; education 
allowance; salary continuation scheme for 
extended illness or disability. 

Detail~~tapplicati~~s (2 copie;), i~cluding a 
curriculum vitae. a recent small photograph, 
photo-copy of educational qualifications and 
naming 3 referees. should be sent to the 
Secretary , Box 4820, University P.O., 
Papua New Guinea. to arrive no later than 
19 December 1980. Applicants resident in 
the U.K. should also send 1 copy to Inter
University Council, 90 I 91 Totten ham Court 
Road, London W1 P ODT. Further details are . 
available from either address. 

APPOINTMENTS 
IN 

ELECTRONICS 
£5-£10,000 
Take you r p1ck of the 
permanent posts 111 : 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

Fell liPe expert J ciVI L"t' ,111d 

ll llllH'dl.lte ,ll'tiOil Oil Sd lcl ry ,lfld 
,·-1n?er Improvement, 'phone or 
write to GIIANf WILSON 

(802) 

CJ;~~!l!J£!!J/~rls, 
11 Westhourne Grove 

London W2. 012 29 9239 • 
1 .(925~)-
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We have the following vacancies in our Network and Service Planning Department based 
at our Engineering Headquarters near Winchester:-

Engineer 
Network Planning 

(Ref: WW/524cc) 

Under the general supervision of a Senior Engineer you will be required to progress 
modifications. and extensions to the IBA vision, sound and telemetry networks. The work 
inducles the installation and testing of microwave links. 
You should have a degree in electronic engineering and at least two years' experience in 
microwave systems planning and commissioning. Alternatively, experience of Post Office 
practice or communication methods in either broadcasting or private industry may be 
acceptable. 

Senior Engineer 
Network Planning 

(Ref: WW/523cc) 

You would be required to plan and supervise the implementation of communication 
facilities for the current and future needs of the Authority. The work will involve the 
control and provision of Post Office Servicr.s and the planning, installation and 
commissioning of private radio systems within a given budget. . 
You should be qualified to degree level with several years' experience of transmission 
systems both line and radio. Familiarity with current video and audio transmission 
techniques is essential and applicants should have practical experience of microwave link 
design and operation. 

Both posts will involve travelling with periods away from base, therefore, a current driving 
licence is essential. l\pplicants (male or female) will be required to climb and work on tall 
structures. 
Depending upon qualification and experience, the commencing salary will be on a range 
whir.h rises to £9,603 per annum for the Engineer post and to £11,040 per annum for the 
Senior Engineer ;post. 
Relocation expenses will be paid where appropriate. 

INDEPENDENT 
BROADCASTING 
AUTHORITY 

Please wi·ite or telephone for an appli~ation form, quoting the appropriate reference 
number, to Christine Gossling, IBA, Crawley Court, Winchester, Hampshire S0212QA. 
Telephone Winchesler 822270. 

(772) 

l?r-uadca~tina ~naineer-~ 
Saudi Arabia up to £6,000 to £16,000 
EDOK-ETER are a major international civil , 
telecommunications and defence engineering 
company with rapidly developing worldwide 
interests. Our headquarters is in Athens. 
One of our more important undertakings is 
the construction, commissioning and long
term operation of the new Saudi Arabian HF 
and MF broadcasting network based on 
multi-megawatt M F transmitters and H F or 
microwave programme and telecommunica
tion links. 
We require several grades of Broadcasting 
Engineers to take full responsibility for the 
operation and maintenance of all the radio 
and electronic equipment of a new station . 
Successful candidates aged up to 50 must 
have a relevant Degree and radio eng ineering 

experience, preferably in broadcasting, or 
alternatively in manufacture and installation, 
or in Armed Services communication . 
Salary is up to £16,000 p.a. tax free, depen
ding on qualifications and experience . Ben
efits are comprehensive covering single fur
nished accommodation, medical treatment, 
generous home leave and a ir fares and 
accident insurance cover. 
Please write , quoting reference 903 , giving 
full detai ls of previous experience, employ
ment and professional qualifications and 
enclose a recent photograph to : The Person
,nel Manager. EDOK-ETER Group. 83 
Buckingham Palace Road . London 
SW1W OQJ. Tel: 01 -828 6814. 

~ •IEII»OII<L• s.A. - •IETEIRt.• S.A. 
(789) 
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Appointments 
WIRELESS WORLD DECEMBER 1980 

~-ELECTRONIC ENGINEERS 
JUNIOR DEVELOPMENT· 

ENGINEERS 
ELECTRONICS 

I 

looking for a different image? 

Competitive Salary+ Car 
In the field of Electronics, few areas offer such growth oppor

tunities as that of Computing . Philips Data Systems is a division of 
Philips Business Systems, the pacesetting group that manufactures . 
and markets one of the widest ranges of advanced business systems 
and equipment. We are looking throughout the UK for Customer 
Engineers, male or female, who wish to be part of that growth . 

If you are experienced in deali.ng with customers' problems, 
skilled in electronics/electro-mechanic.s, then Philips will provide 
you with the training necessary to enter this technically 
exciting and challenging field. 

We offer excellent conditions of employment, a competitive 
initial salary, which will be reviewed on completion of your first 
6 months training period. Naturally, a company vehicle will be 
provided. · 

If you believe you have the ability/experience needed to take on 
this image, then why not telephone Alan Bowden, Senior Personnel 
Officer, on 0206 5115 or write to him at Philips Data Systems, Elektra 
House, 2 Berg holt Road, Colchester; Essex C04 58 E. 

~= Simplyyearsahead PHILIPS 
1809) 

I 

l ' I 

John Player and Sons, a leading manufacturer of tobacco products, 
offer the opportunity to young ·electronics engineers to gain valuable 
practical experience in industrial electronics. 

Vacancies exist for work in the Machinery Evaluation Section where 
new generation cigarette making and packing machines are under- . 
going ·pre-production trials. These machines are equipped with 
increasing numbers of modern electronic control circuits using the· 
latest technological advances including microprocessors. 

I 

The successful applicants will undergo a period of familiarisation, look· 
after specific machines during the evaluation period, be involved in the 
development of special features as well as devising evaluation aids and 
ultimately in the training of others in the maintenance of these 
machines on the production floor. 

We are looking for men or women who are ' qualified to HNC or 
equivalent, and who have two years' experience in one or more of the 
following areas: 

a) electronic control and logic circuits 
b) process control systems 
c) · microprocessors 

A knowledge of the tobacco industry is not essential. 

We offer a starting salary of £6,500 per annum together with other 
benefits associated with a large progressive company including 
relocation assistance where applicable. 

Application forms cab be obtained by telephoning Nottingham (STD 
0602) 787711, Extension 345 or writing to: 

Loma Blayney 

JOHN PLAYER & SONS 
NOTTINGHAM N(;7 5PY 

(790) 

ELECTRO-NICS ~NGINEE~ 
CENTRAL SCOTLAND 

A vacancy exists in our engineering design and development deparment for an Electronics 
Engineer. , . 
Applicants should be qualified to HNC level or have the depth of industrial experience and 
ability to work on new designs with the minimum of supervision. 

Apply for application form to: 
Admini.tnrtion Men.ger 

G R INTERNATIONAL ELECTRONICS LTD. 
lnv..-.lmond lndu.triel Eatete, Perth I"H1 3NY 

Telephone: Perth 34771. 
(796) 

When the ship comes home, why not settle down? 
We're British Telecom Maritime Service 

and we have everything in a job that you'd 
want: the kind of work you're trained to do, 
good pay, job security and all the comforts of 
home where they really count- at home! 

Radio Officers 
Vacancies exist at several coast stations for 

qualified Radio Officers to carry out a variety 
of duties that range from Morse and tele
printer operating to traffic circulation and 
radio telephone operating. And for those with 
ambition, the prospects of promotion to 
senior management are excellent. 

You must have a United Kingdom good pension scheme, sick-pay benefits and at 
Maritime Radio Communication Operator's least 4 weeks' holiday a year .. 
General Certificate or First Class Certificate For further information, please telephone 
of proficiency in Radio-telegraphy or an Kathleen Wat~on on Freefone 2281 or write to 
equivalent certificate issued by a Common- her at the following address: 
wealth Administration or the Irish Republic. IE Maritime Radio Services Division (WW A), 
Preferably you should have some sea-going IS8.1.1.2, Room 304, Landsec House, 
experience. 23 New Fetter Lane, London EC4A lAE. 

The starting pay at 25 or.over will be about British 

£5,381; after 3 years service this figure rises , •• E LeECQ A•\ 
to around £7,087. (If you are between 19 and 1• (524) 

24 your pay on entry will vary between 

approximately £4,229 and £4,937). Overtime . .-. .... ~;~A·-~~ 
;~\ is additional, and there i~ a 
I,· -

~ 
___.____;<. ____ ..... 

WIRELESS WORLD DECEMBER 1980 

SITUATIONS VACANT 

CHIEF ENGINEER 
RADIO AVONSIDE liMITED 

Applications are invited for the post of 
Chief Engineer at the Bristol-based Indepen
dent Local Radio station due to come on air 
in the autumn of 1981. The appointment · 
should be made before the end of this year. 
and the successful applicant will begin his or 
her duties next spring. 

The contract offered to Radio A vonside by 
the Independent Broadcasting Authority 
covers Bristol, Bath and surrounding areas 
with a possible adult audience in excess of 
800,000. It will be one of the most exciting 
and challenging engineering appointments 
within the ILR network and a high standard 
of administrative ability and technical 
experience is required. 

The person appointed will be concerned 
with the planning and setting up of the station 
and will thereafter be responsible to the 
Managing Director for all aspects of Radio 
Avonside's technical operation and mainten
ance procedures. A salary of around £10,000 · 
p.a. is envisaged, subject to qualifications and 
experience. 

Applica.nts.should write to the Chairman, 
Professor Glynne Wickham, at Radio Avonside 
Limited, 4th Floor, Bush House, 72 Prince 
Street, Bristol BSl 4NU. The closing date is 
1st December 1980. 

(804) 

serving a population of four million from the heart of Manchester 
seeks a 

TRAINING and STANDARDS 
SUPERVISOR 

to instruct technical and programming staff in operation of complex 
station equipment and to organise teaching of editorial, management 
and related skills . 

We want to hear from candidates with an engineering background, 
with administrative ability and a good knowledge of how a radio station 
works. 

Salary- £8,000-£10,000 according to experience. 

Write to: 
Colin Walters 

Programme Controller 
Piccadilly Radio 

P.O. Box 261 
Manchester M 1 4AW 

(773) 
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Classified 

CHELSEA COLLEGE 
University of London 

DEPARTMENT 0 ELECTRONICS 

ELECTRONICS 
TECHNICIAN 

GRADES 
is required for Electronics Workshop serving 
Electronics and PhySICS research and 
teaching. Interesting prototype instrument 
design, development and construction work 
using both digital and analogue techn1ques, 
and also the .serviCing of commercial elec· 
tronic equipment. 
Salary (under review) £5556-..£6357 p.a 
inclusive. Generous holidays . 
Further details and application form from 
Mr. M. E. Cane (SEW), Chel .. a College, 
Pulton Place, London SW8 SPR. 

(780) 

UNIVERSITY OF GLASGOW 
DEPARTMENT OF PSYCHOLOGY 

ELECTRONICS TECiiNICIAN 
GRADES 

Construction and Development of Special
ised Electronic Apparatus for Research and 
Teachino Purposes. Maintenance and cali
bration of workshop instruments . Know
'ledge of, or interest in use of aud1o and v1deo 
equipment an advantage. O.N.C . or equi 
valent, together with minimum of_ seven 
years' relevant experience. Opportun1t1es for 
broadening one's knowledge of micro
processors. Salary scale : £4,776 -£5,5 7 7. 

Applications. giving deta i ls of age. 

1~~:~~~:~0tr;:: ~~~ ~~~s~~~ne~eOf~i~~~-ldU~~ 
v~rsity of Glasgow, Glasgow G 12 800. In 
reply please quote Ref . No. 4 766. 

(813) 

QUEEN MARY COLLEGE 
(University of London) 

ELECTRONICS 
TECHNICIAN GRADE 5 

(Salary £6494-£7559 p.a. 
including London Weighting) 

To work in the Department of Physics 
Electronic Workshop. The work will involve 
the design and construction of equipment 
for research and teaching and the servicing 
of existing equipment. A good electronic 
background and qualifications of at least 
ONC or equivalent is essential. 5-day week, 
7Y> weeks· annual leave including public 
holidays. Write with details of age, training, 
experience and qualifications to Miss K. M. 
Garner, Personnel Assistant, Queen Mary 
College, Mile End Road. London, E1 4NS. 

THE MIDDLESEX HOSPITAL 
MEDICAL SCHOOL 

SENIOR 
ELECTRONICS 
TECHNICIAN 

(820) 

Applications are invited from suitably 
qualified and experienced persons for the 
above post. 
The successful candidate will work with a 
wide range of electronic apf)aratus , Duties 
would include the use, ma~ntenance and 
development of research, practical 
laboratory, video, sound and CCTV equip
ment. 
Salary, depending on qualifications and 
experience, within the range £6.657-
£7,950 (inc . London Weighting). 
Please apply in writing to : Chief MLSO, 
Department of Phyaiology. The 
Middleaex Hoapital Medic:al Sc:hool, 
London, W1P8DB. (777) 

UNIVERSITY OF OXFORD 

ELECTRONICS TECHNICIAN 
Electronics technician required for work on 
mass spectrometers and other equipment in 
the Department of Geology and Mineralogy, 
under the technical direction of the Elec
tronics Group in the Physics Department . 
Applicants should have wide expenence in 
fault-finding and building of modern elec
tronic equipment 
Appointment is for five years to 31 July, 
1986 in the first instance. Salary range 
£5478 to £6543 , under review. 
Applications with full personal and pro
fessional details as soon as possible, to the 
Adminiatrator. Department of Geology. 
Parits Road, Oxford OX1 3PR. (791) 

TESTERS, TEST TECHNICIANS, 
TEST ENGINEERS. Earn what 
you're raally worth In London 
working for a World Leader in 
Radio & Telecommunications. Phone 
Len Porter on 01·874 7281, or write: 
REDIFON TELECOMMUNICATIONS 
Ltd., Broomhill Road, Wandsworth, 
London; SWI8. (S.858 

I ARTICLES FOR SALE 

EXCLUSIVE OFFE~ 
RACK MOUNTING CABINETS 

. HIGHEST QUALITY 19" 

• Rof Ht width Depth l'rice 
I PE 10 21 13 £10.00 
\ Ll10 54 21 1 B £20.00 
; n 64 25 26 r.a.oo 
~~~ ~~ ~~ ~~ ~:: 
i Racal cabinets for RA-1 7 I 11 7 £30.00 

j ~~::~:=: ~~~e :=:: 
1 Uniframe, triple £10.00 
i 0ver60typesavailablefrom 12to 90. high. 
; Also twins. triples and consoles. Above are only a few 
I types. Please send for full I;•• 

AUDIO AND INSTRUMENTATiON-TAPE 
RECORDER-REPRODUCERS 

· * Ferrogra~~~·vo'2·;;;;;,.;·;_4·-;ei;;I'Re~3o't 
* Ampex FR1300 7 track y, UHER 4000 1.4 . * Consolidated 3800 7 track y, * Plessey 1033 Digital Unit.f. 7 lrack y, * Plessey M5500 Digital Unit. 7 tracks y, * Ampex FR-11 00. 6 speeds, stereo '.4 * Ampex FR600. 4 speeds, 7 track y, * D.R.I. RC-1. 4 speeds. 4tracks '.4 * Min<Om CMP-100. 6 speeds, 7 tracks '.4 , Y, , 1 * 3M. H. 4 speeds 14 track 1 

,_- .;; -- £70-to £500 
Also Transport Decks only available 

"We have a large quantity of "bits ·and pieces" we 
cannot list - please send us your requirements . We 
can probably help- all enquiries answered . 

AH our -lequipmenflo profolooionai·MOD quality 
* Option Optical Tuners • . . £80.00 * Ampex Bulk Erasers £81.00 * Eimac 61 56 Valves . . . . . . . £21.00 * Mullard QQV-06-40A Valves £1,00 * Clare Flash testers . . . . . . . £10.00 * Wawguide sets 33 I 11 0 GHz . £40.00 * Advance Signal Generators H 1 E-J 1 £30.00 * Bradley CT 4 71 B YT Multi Meters . . . £10.00 
* Westrex Multi Cellular H.F. lens Horns . . . £40.00 * General Electric 2001600 KHz 500 watt trans· 

· millers . . . . . . . . . . . . . . . . £241.00 * Plessey PR-1 556 filter Modulators . . . £41.00 * Marconi HR-23 ISB Receivers £220.00 * K.B. Discomatic Domestic Juke Boxes £10.00 * SCR-62 5 Mine Detectors in chests . £40.00 * Hewlett Packard 400H YTVM Meters . £11.00 ' * Hewlett Packard 211 A Sq. Wave Gen . . . £80.00 * Aslrodata & lkor Meteorological Equipment * lon Pump E.H .T. Power Supplies . . . . . £10.00 * Haynes D.W. 500W Cased Transformers 
2401 115V £14.00 * Racal MA 1350 synthesisers . . . . . . . . . £1211.00 * G.B. Kalee Flutter Meters. Model 17400 £10.00 * Tektronix 551 Scopes £1aO.OO * Tektronix 555 Scopes £1aO.OO * Teleonic VR2M Sweeps £110.00 * Hell Schriber RC-28 . . . . . . . £711.00 * Lenkurt Model 26D Data Sets £80.00 * Aerial Multicouplers from £21.00 * Marconi TF 1168 Disc Oscillators . . . . £10.00 * Hughes Memoscopes £120.00 * Nems Clarke 1306 VHF Receivers £210.00 * Telefunken Surveillance Receiver £1711.00 * Helix Aerials 11 . & 18 .. and Reflectors £18.00 * T extronix 543A Oscilloscopes £90.00 * Textronix 545A Oscilloscopes £100.00 * T extronix 561 A Oscilloscopes £140.00 * Solatron 1016 Oscilloscopes . . . . . . . . . . £10.00 

Simon Mobile 80 foot To- Hydraulic 80ft extended , 1 2 ' 
6 .. closed. Mounted on 4 wi>MI drive Bedford Truck, 
self levelling, raised and lowered in 10 minutes . Used 
for oervicing dish aerials. . . . .. ·. . . . . . . . . P .U.II. * Racal RA-17 P Receivers (now) . . . . . . . £710.00 * Collins KWT 6 Transmitter Receivers SSB .. . P.U.II. * Rolland RO 50A Oscilloscopes . . £141.00 * B & K 2407 Electronic Voltmeters . £80.00 * Winston "'5 " Band Spectrum Analysers . .. . P.U.II. * Airmec 352 Sweep G-raton; D £110.00 *" AdvanceTransistorTestersTT-1S . . ... . . £31.00 * Marconi TF 329 Magnification Meters . . . £140.00 

: ~':iJ~~!~~{ol.V~"!;g~~~~~:;:to~ =~:::: * Manson TFM-101 Multipliers . £110.00 * Seovome< 2kw Auto regulators £100.00 * 125ft. Lattice masts. 26 .. sides P.U.II. 
* JOlt. Lattice Masts, 15 .. sides . . . . . £111.00 * 1 Oft ught Lattice Sections, 6. sides . . . . . £11.00 * EMI Y2 .. Audio Tape 3600ft 1Qy, . nab. New £4.10 
O.R.I. Model RC-1 Professional Tape Recorder· 

Reproducers. 4 tracks '.4 · 4 speeds. 1 llo ·, 3 '.4 .. , 7 Y, · 
& 15 · ·, 4 amplifiers Monitor Scope. A.ll rack mounting 
& Transistorised £210.00 · 

* SE4128 C.R.T.s . . . . . . . . . £11.00 * Racal3 & 6 KCS S.S.B. filters . . . £14-00 * AVO CT 471A Electronic MIAtimeters UO.OO 
* EMI R3D1 Tape Recorders £10.00 * Stonorette L Tape Recorders . . £2 •. 00 * Uniselec1ors. 10 Bank 25-way . . . . . . . . . . £1.10 * 40ft. Sectional Aluminium Masts, complete £11.00 * Mufti-purpose Trolleys with Jacks 19 x 17 £11.00 
1r AdvanceJKVACVTransformers £1ZO.OO * Metal V.D .U. Tables Jo ·· x 36 .. x 30 £24.00 

MANUALS 
We have a quantity of Technical Manuals and 
Periodicals of Electronic Equipment not photostats . 
1940 to 1960. British and American . No lists 
Enquiries invited . 

* Oata Efficiency R~olers 240v . . . . £21.00 * Belling Lee 100 Amp Interference Filters £71.00 * Oscilloscope Trolleys from . . £18.00 * Racal MA 1978 pre-Selectors . £11.00 * Rack Mounting Operator Tables . . . . £10.00 
* 75ft . Aluminium Lattice Masts. 20 sides £400.00 * Racal MA-175 L.S B . Modulators (new) . . . £41.00 * Tally 5/B Track Tape Readers Trac;k Spooling £11.00 * Racal RA-63 SSB Adaptors, new . . . . . . . . £70.00 . * Racal RA 298 I.S.B. Transistorised Adaptors (new) . 

£120.00. 

PLEASE ADD CARRIAGE AND V.A.T. 

P. HARRIS 
ORGANFORD,DORSET 

BH16 &BR 
(0202) 765051 
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Classified 140 

SITUATIONS VACANT 

Inner London Education Authority 
LEARNING MATERIALS SERVICE 
Television Centre, Thackeray Road 

London SW8 3TB 

The Television Centre produces a range of educational programmes in 
the form of video cassettes, sound cassettes and 16mm film for 
distribution within London and nationally . It has a colour television 
studio, colour mobile unit and film unit all equipped to professional. 
broadcasting standards. 

A vacancy has arisen for: 

MAINTENANCE ENGINEER ST3 
(£81 1 5-£8709) 

The maintenance section has four members and is responsible for all 
the equipment at the studio centre, both vision and sound. 

Applicants must have relevant technical qualifications (a knowledge of 
digital techniques would be an advantage), and should have good 
experience in the field, though consideration would be given to 
experience in allied fields. Limited " on-the-job" training is available, 
and the Authority will pay for attendance at specialised manufacturer's 
courses where these are considered necessary . 

Further information and application forms available from the 
Education Officer (EO I Estab. 1 C), Room 365, County Hall, 
London SE1. Telephone: 633-7456/7546. 

(779) 

ARTICLES FOR SALE 

TO MANUFACTURERS, WHOLESALERS &. 
BULK BUYERS ONLY 

Large quantities of Radio, T .V. and Electronic Compiner'lts . 
RESISTORS CARBON & C/ F Ys, 1f.!, Y2, Y3 . 1 Watt from 1 ohm to 
10 meg . 
RESISTORS WI REWOUND. 1%, 2, 3, 5, 10, 14, 25 Watt. 
CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite, C280, etc. 
Convergence Pots, Slider Pots, Electrolytic condensors, Can Types . . 
·Axial, Radial, etc . 
Transformers, chokes, ho[Jts, tuners. :peakers; cables,.._screened wires, 
·coiinecting wires.-sc~~ws, . n~u-ts~Trans•st_qrs-;- ICs~'D~()(]es, etc-:-:::efc. --. 
All at Knockout prices. Come and pay us a visit. Telephone 445 2713, 
445 0749 . 

lfROADFIELDS & MAYCO.DfSPOSALS--
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally ~o Corn!r (94611 

THE SCIENTIFIC 
WIRE COMPANY 

SWG 
81o29 

.301034 
3510 411 
411o 43 
47 
481o 49 

P.o. Box 30. London. E.4 

ENAMELlED COPPER WIRE 
lib. Boz. 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 

15.96 9.58 6.38 3.69 

SILVER PLATED COPPER WIRE 
14 to 30 6.50 3.75 2.20 1.40 

TINNED COPPER WIRE 
14 to 30 · 3.38 2.36 1.34 .90 
Prices include P&P. VAT and Wire Data 
SAE for I ist. Dealer enquiries welcome. 
Reg Office: 22 Coningsby Gardens. 19063) 

EXACT TIME? 
MSF CLOCK is ALWAYS CORRECT
never gains or loses. self-setting at switch
on. 8 digits show Date, Hours. Minutes and 
Seconds, larger digit hours and minutes for 
easy QUICK-GLANCE time. auto 
G.MT I B.ST and Leap Year. also parallel 
BCD output and audio to record and show 
time on playback. receives Rugby 60KHz 
atomic time signals. built-in antenna, 
1 OOOKm range, ACCURACY, £54.80. 
V.LF.? 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 one NOW. 
CAMBRIDGE KITS, 45 (WM) Old 

School Lane, Milton, Cambridge 
18031 

WIRELESS WORLD DECEMBER 1980 

ARTICLES FOR SALE 

With 3& years' experience in the design and manufacturing of several 
hundred thousand transfonners we can supply: 

AUDIO FREQUENCY TRANSFORMERS OF 
EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES 
Microphone transformers (all types), Microphone Splitter I Combiner , 
transformers Input and Output transformers. D1rect Injection transformers 
for Guitars, Multi-Secondary output transforme rs, Bridging transformers. 
Line transformers, Lin9 transformers to G. P.O . Isolating Test Specification 
Tapped impedance matching transformers. Gramophone Pickup trans
formers . Audio Mixing Desk transformers (all types). Miniature transformers . 
Microminiature transformers for PCB mounting. EKperimental transformers , 
Ultra low frequency transformers . Ultra linear and other transformers for 
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 1000 watts}, 100 volt line transformersto speakers . Speaker 
matching transformers (all powers). Column Loudspeaker transformers up t'J 
300 watts or more . 

We can design for RECORDING QUALITY, STUDIO QUALITY, HI -FI 
QUALITY. OR PA QUALITY. OUR PRICES ARE HIGHLY COMPETITIV E 
AND WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE 
TRANSFORMERS . Many standard types are in stock and normal dispatch 
times are short and sensible . 

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING 
AUTHORITIES, MIXING DESK MANUFACTURERS, RECORDING 
STUDIOS, HI-FI ENTHUSIASTS, BAND GROUPS , AND PUBLIC ADDRESS 
FIRMS . Export is a speciality and we have overseas clients in the 
COMMONWEALTH E.E.C, USA, MIDDLE EAST etc. 

Send for our questionnaire which. when completed . enables us to post 
quotation by return. · 

SOWTER TRANSFORMERS 
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: 0413 52194 & 0413 219390 -
PRINTED CIRCUITS. Make your 
own simply, cheaply and quickly! 
Golden I<'otolak Light Sensitive ., Lac
quer - now greatly improved and 
very much faster. Aerosol cans 
with full instructions, £2.2!1. 
Developer 35p. Ferric Chloride 
55p. Clear Acetate sheet for 
master 14p. Copper-clad Fibre-glass 
Board appr.ox. 1mm thick £1.75 sq. 
ft. Post/Packing 60. - White House 
Electronics, Castle Drive, Praa 
Sands, Penzance, Cornwall. ( 714 

LAD CLEARANCE: Signal Gener-
ators; Bridies; Waveform, 
transistor analysers; calibrators; 
standards; millivoltmeters; dyna· 
mometers; KW . meters; oscillo· 
scopes; recorders; Thermal, sweep , 
low distortion true RMS, audio FR, 
deviation . Tel. 0·4 0-376236. (18250 

ASTRO TECHNOLOGY BCB Router 
18,000 rpm on stand £450. Solartron 
CD 1740 oscilloscope !ro MHz D:B 
£300. HP 180 oscillos•cope W MHz 
£400 . "Q" Services Electronic Cam· 
berley Ltd., 29 Lawford Crescent, 
Camberley, Surrey. Yateley 871048. 

(805 

TELEQUIPMENT. D67 . oscilloscope 
25 MHz, good order, h/book, £350. 
Waking 048-62 72695, evenings . (807 

PYE SSB170 12v 4 channel 2-9 
megs 20w output, ex works, un· 
used QTY 8. Radio ale·rt chargers, 
new, for 9v battery charges from 
AICG!50 mains at 8 m/a. £5.50. 
ro.c·ketfones PFI, TX and RX with 
circuits £21. Gar adaptor receiver, 
plug in battery is charged and 
Cl'utput taken to 3 watt · amplifier 
into 3 ohm speaker <not sup.plied) 
£8.50. Chargers for 12 of each bat
tery . £17. OT'HER PYE RT E,QUI·P· 
MENT IN STOCK, phone or write 
for details. Atalanta ships com· 
munications receiver by Marconi 
special offer £65 each, as remo·ved 
from shLp, complete but untested 
;£115, tested and adapted for AC 
mains, carriage at cost approx £15. 
AVO 7 Mk II £32. AVO meter mo"r'e• 
ments 8, 9 and multitest No 1, 
scaled 0-100, and 0-30 £15. Hetero~ 
dyne frequency meter B'C 221 
£23 .. 50. Pneumatic mast 'by Scam 
Clark, 7ft extending to 40ft i~ un
opened maker's pack £345. Dehve·ry 
by arrangement. We have a con
stantly changing stock and we are 
worth a visit. No lists. G.W.M. 
RADIO . LTD., 40/42 PORTLAND 
ROAD . WORTHING , SUS·SEX. Tel. 
0903 34897. (806 

PAPER TAPE REA·DER, Trend 
liSR 500, 500 cps with manual and 
GNT 34 papeT tap punch, £100 ono. 
- Tel. 0273 5!ro664 after 1 pm.·(828 

AUCTION SALE 
on Friday, December 5, 1980, at 10 a.m. 

at GLOUCESTER INDUSTRIAL SALES & AUCTIONS LTD., Eastington Trading Estate, Near Stonehouse, Glos. 
M 5 Motorway- Exit No. 13 

1 OOs of Lots of Electronic Components, Test Gear including Oscilloscopes, Signal Generators, Computer Peripherals and Parts, 
Vacuum Pumps, etc . Many Lots with NO RESERVES. 

Catalogues SOp each from G.I.S .A., Eastington Trading Estate, Near Stonehouse, Gloucester . Telephone No. Stonehouse 4118. 

Viewing: November 28-December 4 incl., 9 a.m .-4 p.m. (except Saturday and Sunday) and Morning of the SALE . 

Light Refreshments on Sale Day (B30) 
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"fELi:TEXT, TV SPARES Be TEST 
L:I,!Ui I'Mt::N i. 'fELKJ.'l!:X'£. Late:;t 
MA~ t!XUJl'llal Ulllt Klt lllC1. MuHard 
uu.:·uu~.;r bJ.Ul v 1\'J.L ana intra·rt:u 
l 'dHUl-' con~rol i:<:;.ol!, PIP £~.:10 uur
l.l<H uet<uls on re'!Ut::SLJ. Also 1v1Kl 
uxLernal unit klt mel. 'l'exas XMH 
uecuuer, speCla! otter pnce .Hots, 
PIP £:.!.50. Hotn Jots meL U!H'' 
modulator, and plug into 'J.'V set 
aenal socket. SPI!:CIAL O.l<'FER 
'J.'l!:XAS XMll Decoder, new and 
tested, limited quantity at ! pnce, 
itia, p/p £1.40. Stab. power supply 
~:>v) tor 'l·eletext decoders, £:>.~10. 
PIP £1, Tnorn des1gn XMll inter
lace unit, £1.8ll, !JIP !lllp . . Nl!: W 
SAW l<'iL'n;R a· AMc' .t'LUS 'fU1'tl!:K 
~complete & tested for sound & 
VlSion), £28.50, p/p .U. CULOUK 
BAR & CROSS .lfAi'CH GENERATUH 
KIT (MK4) PAL, UHl<' aerial input 
type, 8 vertical colour bars, 
lt-Y, B-Y, grey scale, etc. P/B con
trols £35 . .liatt holders £1.50 or stab. 
mams power supply k1t £4.80, De
luxe case £5.20 or alum. case .t:2.9ll, 
p/p £1.40. llUllt & tested in l>e-l.uxe 
case l battery) · £58, p/p £1.50. 
CHUSS HATCH KIT UHl<' aerial in
put type also gives peak white & 
olack levels, batt. op. £11, p/p 45p. 
Add-on GR,h;Y SCALE Kl'i' £2.gu, 
p/p :i:>p. De-luxe case £5.20. UHl<' 
SlGNAL STRENGTH METER KIT 
£17.50. Alum. case £1.80. De-luxe 
case £5.20, p/p £1.40. CRT TEST & 
REACT IV ATUR KIT for colour & 
mono £22.80, p/p £1. 70 . THORN, 1 
9000 Touch Tune Remote control 
receiver unit plus transmitter 
handset £16, p/p £1.40. THORN 
9000 I<'ascia incl. channel select . 
indicator, set controls, speaker, 
£5.80, p/p £1.60. TV SOUND H' 
'l'RANSTD. Tested, £6.80 , p/p 85p. 
HUSH SURPLUS IF PANELS. A816 
£1.80, TV312 (single l.C.) £5, Z718/ 
BC6100 £5, A823 lExp) £2.80, p/p 
85p. BUSH Z718/BC6100 Line T1me 
Base Panel Z904, incl. LOP'I', EHT 
stick. Focus, etc. , 18in or 22in, £15. 
p/p £1.60. BUSH 161 series TB 
panel, A634 £3.80, p/p £1.20. DECCA 
colour TV Thyristor Power supply 
£3.80, p/p £1.40. GEC 2010 series TB 
panel £1, p/p 90p. GEC 2040 CDA 
panel £4.50, p/p £1,.20. PHILIPS. 
G6 S/S conv. panel £2.50, p/p £1.20. 
G8 Decoder panels for spares £1.80, 
p/p £1.20. G9 Signal panels for 
small spares £3.80, p/p £1.20. 
THORN 3500 Line TB panel £5, p/p 
£1. 3000 ex-rental panels IF, VIDEO, 
DECODER, £5, p/p £1.20. 8000/8500 
TB salv /spares £4.80, p/p £1. 9000 
Line TB (incl. LOPT) salv/spares 
£7.50, p/p £1.60. COLOUR SCAN 
COILS tMullard or Plessey) £6, p/p 
£1.80. Yoke £2.50, p/p £1. Blue Lat 
75p, p/p 35p. Mono Scan Coils 
(Thorn, Philips, Pye) £2.80, p/p £1. 
VARICAP UHF TUNERS. Mullard 
U321 £7.80, EL.C1013/05 £5.50. G.l. 
£3.50. Salv. (asstd) £1.50, p/p 45p. 
Varicap UHF/VHF BLC2000S £8 .50, 
Bush (dual) £7.50, p/p 70p. TOUCH 
TUNE CONTROL units, Bush (6 
pos) £4.50, p/p SOp. VARICAP CON· 
TROL UNITS 3 pos. £1.20, 4 pos. 
£1.50, 5 pos. £1.80, 6 pos. £1.80, 6 
pos. special offer £1, p/p 45p. UHF 
transtd. Tuners (rotary) incl. s/m 
drive £2.50, 4 pos. P/B £2.5_0, 6 pos. 
P/B £4.20, p/p £1.20. (Spec1al types 
available, details on request). 
DL50 Delay Line £2.50, p/~ SOp. 
Large selection of LOPTS, Tnplers, 
Mains Droppers, and other spares 
for popular makes of colour & 
mono receivers . PLEASE ADD 15% 
VAT TO ALL PRICES. - MANOR 
SUPPLIES 172 WEST END LANE, 
WEST HAMPSTEAD, LONDON, 
N.W.6. SHOP PREMISES. _Tel. 01-
794 8751. Easily accessible vy. 
Hampstead Jubilee Tube & Bnl 
Rail N. London (Richmond-Broau 
St.) and St. Pancras-Bedford. Buses 
28, 159, 2, 13. Callers welcome. 
Thousands of additional items not 
normally advertised available at 
shop premises. Open daily all week 
incl. Saturday <Thursday half day). 
MAIL ORDER : 64 GOLDERS MANOR 
DRIVE, LONDON NWll 9HT. 
PLEASE ADD 15% VAT to all 
prices. (60 

FOR SALE 
Almost unused Tektronix TM506 

mainframe with:
DM502 Autoranging DMM 
DC503 Universal Counter 
PG501 Pulse Generator 

PS503A Dual Power Supply 
COST NEW £1,550. OFFERS IN EXCESS 

OF £800 REQUIRED 
PHONE: Day- 01-242 6939 

(781) 

TOWERS' 
INTERNATIONAL 

MICROPROCESSOR 
SELECTOR 

byT. D. Towe.rs Price: £15.70 
THE CP/M H/B WITH MP/ 
M by R. Zaks Price: £9.50 
YOUR FIRST COMPUTER 
by R. Zaks Price : £6.40 
OPTICAL FIBRE COM
MUNICATION SYSTEMS by 
C. P . Sandbank Price : £18.60 
THE ACTIVE FILTER H/B by 
F. P. Tedeschi Price: £4.85 
INFORMATION TRANS
MISSION MODULATION, 
& NOISE by M. Schwartz 

Price: £8.00 
OPERATIONAL 
AMPLIFIERS by B. G . Clayton 

Price: £1 1. 70 
DESIGN OF TRANSISTOR 
CIRCUITS WITH EXPERI
MENTS by Dr. K. A. Pullen Jr. 

Price: £9.15 
DIGITAL ELECTRONICS 
FUNDAMENTAL CON

' CEPTS & APPL. by C. E. 
Strangio Price : £17.30 
RADIO & TELEVISION 

I SERVICING 1979/80 
. 1 MODELS by R. N. Wainwright 

Price: £16.50 

* PRICES INCLUDE 
POSTAGE * 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Technical Books 
19-21 PRAED STREET . 

LONDON W2 1 N P 
Phone 402-91 76 

Closed Sat. 1 p.m. 
(8974) 

WANTED 
SURPLUS TEST EQUIPMENT 

Electronics Components 
Prompt Settlement 

Cooke lntem~onal Services 
Ramalla House, Ancton Lane, 

Middleton-on-Sea. B9gnor Regis, SusseK 
Tel. 024-369 2849 

(783) 

WIRELESS WORLD 1969 to 1979 
inclusive . Good co·ndition. Offers. 
Phone Egham (Sy) 32234 . (793 

SAVE TIME! 
PRINTED CIRCUIT BOARD 
INTERNATIONAL FAST TURNAROUND 

TOTAL MANUFACTURJNG SERVICE 

e PTH boards ~ 3 days. 
• Conventional boards in 24 hours. 
• Soldermask, component legends etc. 
• Artwork service. 
e Prototype assembly 
• Volume assembly in our plants in the 

Far East 

AEC Mlcrotechnology 

~~~t~C:sK~;~:~. ~==~~~nds, 
Telex: 837879 AECLTD G 

TEL: 0908 611086 (624) 

AECe 
MICROTECHNOLOGY 

DESiGN. DPtRUGHTING 
and DEVELOPmENT 
• Services of expenenced 

Engineers & Draughts~en 
• Tracing and Illustratmg 

PCB design & manufacture 
• Precision photography 
• Dyeline prints, Photocopie18181 
~ENGINEERING LTC 
~ REACi'NG 107341 582579 

POTENTIOMETERS 
Rotary carbon track pots. Standard A. B. type 
45. Spindles %in. dia. X 1 %tn.long 0.25W 
log/0.5W linear. 
SINGLE GANG. Values 1 K to 1M . 
£14.50 per 100 of 1 value/£18.50 per 
100mixed. 
SINGLE GANG WITH D.P. SWITCH 
Values 2K5 to 500K. 
£25 per 100 of 1 value/£27 per 100 
mixed. 
DUAL GANG. Values 1 K to 1M. 
£33 per 100 of 1 value/£35 per 100 
miKed . 
2 Watt WIREWOUND. Type A~W2 
Spindles %in. dia. x 1'hin long . .Vjllues: 
25~ 50~ 100R, 1K 2K~ 5K. £25 ~r 
100of 1 value/£27 ~r 100 mixed. 

All above supplied with nuts & washers 

J.P.R. DISTRIBUTORS 
49 WIICMson Strwet, London, E2 9DP 

Tel: 01-980 1028/1029 (827) 

THINKING OF RENTING 
A TELEPHONE 

ANSWERING MACHINE? 
THEN STOP! 

Did you know that for the equivalent 
of just one year 's rental you could 
a~tually buy one outright? 

For details write to: 
Javal Supplies Ltd. (Dept. 2C), 
120 Alexandra Road, Burton-on
Trent, Sta.ffs DE16 OJB or 
telephone (0283) 47427 any time. 

(337) 

CRYSTAL 
for Scanner and 

Receiver 
10.7MHziF HC25/u 
£3 .50/pcs. from stock or special order. 
We stock over 10,000 pieces. 

Denmpeg 
Diibendorfstr. 335 
CH-8051 ZUrich 
Wnte for free documentation. 

(795) 

AERIAL BOOSTERS, improve weak 
V.H.F. radio and TV re.ce·ption. 
price £6 .70. S.a.e for leaflets . Elec-
tronic -Mailorder, Rams-bottom. 
Lanes. BLO 9AGE. (978 

COMP-80 computer 3K R:OM, 5K 
RAM . Gra.p·hics and UHE modulator 
fitted. £190. - Tel. Thurso 3652. 

(690 

U.K. AIRPORT frequencies iist £1. 
UK coast station frequencies list 
£1 - PLH Electronics, 20 Vallis 
Road, Frome , Somerset. ·<792 

SERVICES 

TEST EQUIPMENT. Well-established 
trading company seeks new cus
tomers, particularly from overseas. 
We are bulk suppliers of used elLC· 
tronic test equipment to the traue, 
ie: signal sources, analyset s, 
bridges, scopes, swee·pers, counters, 
PSUs, Polyscops, DVMs, etc . Wnote 
or part parcels available. c 1age 
and shipping can be arrang . 
State your requirements. Terms 
negotiable. Also interested m 
purchasing parcels o.f anything 
electronic, radio, etc, speedy quota
tions, and immediate cash . settle · 
ment. COOKE INTERNATIONAL 
SERVICES, Ramalla House, Ancton · 
Lane, Middleton-on-Sea, Hognor 
Regis, Sussex P022 6NJ , 'l'el : 
0.24-369 2849. {654 

CLEARANCE PARC ELS: Transis.tor·S, 
resistors, boards, hardwa-re, 10lbs 
only £5.80! 1,000 Resistors £4.25, 
500 Capacitors £3. 75. BC 108, BC 
171, BC 204, BC 230, 2N 5061, 
CV7497 Transisto·rs, 10-70:.,.., 100-
£5.80 . 2N 3055, 10 for £3.50. 
S.a.e. lists: W.V.E. (3), 15 High 
Street, Lydney, Glos. (444 

BUILD YOUR OWN LASERS. Full 
plans and instructions on how to 
construct · three fully working 
lasers: Pulsed dye, Argon and 
Helium - neon, at a fraction of 
the cost of a commer.cially pro
duced device. All parts available . 
Send £4.95 plus 25p P&P to A. V. 
Services, 10 Agecroft Road West, 
Prestwich, Manchester M25 8RL. 
Also Laser Scanning Systems. Send 
for literature. t647 

RACAL MA-259-G secondary 
frequency standard. New with test 
certificate. £595. Nottingham 
0602-397446 evenings . ( 703 · 

SO·LARTRON DISPLAY UNIT type 
21-00, freq 100 Khz 40 GHz, price 
£495. Tektronix storage· scope split 
bin type 564B with sampling plug 
in units, £395. 585A sco:pe with 82 
plug in units, £195 . P1lease phone 
01·404 5011. (811 

TWO RECORDING oscillogra.phs 
llell & Howell 5-137, 5-124 , with 
manuals. excellent condition, little 
used. Offers to Boox WW 810. (810 

5/H ELECTRONIC TEST EQUIP· 
MEHT in bulk or singly. Cooke 
International Services. Ramalla 
House , 9ncton Lane, Middleton-on-

, Sea. BGgnor Regis, Sussex. Tel. 
n4-369·2S49 . t 782 

TEKTRONIX 85 MHZ Scopes , Type 
585A -1-82. Plug-in £290. Type 581A 
-1-86 Plug-in £220 . GR Os,cillator 
60-500 MHz £30. HP VV's £15 ea. 
- Phone evnings 02514-6483 (Fleet). 

(785 

CIRCOLEC 
THE COMPLETE ELECTRONIC MANUFACTURING 'SERVICE 

Let us realise all or any part of your project from prototypes to 
production, from artwork design and component sourcing, through 
assembly and test to final quality assurance, packing and delivery. 

,We also provide a test, repair and modification service to suit your 
individual requirement. 

For competitive prices and fast turnaround contact : 

CIRCOLEC, 1 Franciscan Road. Tooting, S.W. 17 

Telephone: 01-767 1233 1544) 

EURO CIRCUITS 
Printed Circuit Boards - Master 
layouts -: Photography - Legend 
pnntmg - Roller· tinning - Gold 
plating- Flextble films- Convention-
al fibre glass -No order too large or too ! 
small- Fast turnround on prototy.pes . .. 
All or part service avaiiable NOW~ . . (9630) , 

) EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK 2344 

PRINTED CIRCUIT MANUFACTURE. 
Very fast, reliable service. Lowest 
pnces. Prototypes welcome. Inhouse 
]Jhotography. Phone 06474-573 for 
mstant quote or write to AKTRO· 
NICS Ltd., 42/44 Ford Street, More· 
tonhampstead, Devon. (11857 

MICROPROCESSOR 
SYSTEMS 

Original hardware and sof\ware de sign . 
prototype build and development. balch 

production and testing 
May we help you w1th your new project? 

DEACON INSTRUMENTS LTD. 
Knowl House. Hibbert Road 

Maidenhead, Berks. 
Tel: (0628) 29701 

(816) 

SMALL BATCH PCB' s produced 
from your artwork. Also DIALS, 
PANELS, LABELS. Camera work 
undertaken. FAST TURNAROUND. 
- Details: Winston Promotions, II 
Hatton Place, London l!:C1N SHY. 
TeL 01-405 4127/0960. (97114 
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SERVICES 

P.C.B. PROTOTYPE and small batch 
producti-on. Design layout, assem
bly and testing. Fast, relible ser
vice·. Wye Valley Electro.nics, 15 
High St, Lydney, Glos. Tel: Dean 
(0594) 41267. (365) 

REPETITION SHEET METALWORK 
on Wiedem,ann turret press. Long/ 
short runs. Highly competitive. 
Quick deliveries commission for 
introductions. - EES Ltd .. CHtiord 
Rd., Monks Rd., Exete·r 36489. 

(8060 

TUBE REBUI·LDING PLANTS PRO· 
CESS, all TV tubes can be seen in 
operation. They c-an be i-nstalled 
internationally at the best price: 
55-l Statf.ord Rlo-ad, iUrmingham 
811 AAL. (592 
DESIGN AND DEVELOPMENT. 
ANALOGUE, DIGITAL, RF AND 
MICROWAVE CIRCUIT AND 
SYSTEM DESIGN. Also PCB design, 
mechanical design and prototype/ 
small batch production. - Aden
more Limited, Unit 103 Liscombe, 
Bracknell, Berks. Tel: Bracknell 
52023. (656 
ALTRONIC SYSTEMS LTD. Alarm 
systems designed and manufac
tured to your requirements. Free 
estimates under no obligation. -
Tel Ansafone 07073 30514. (715 

ELECTRONIC DESIGN SERVICES. 
MICROPROCESSOR HARDWARE and 

1 SOFTWARE design facilities have 
now been added to our established 
expertise and comprehensive test 
facilities previously available to 
you for ANALOGUE and COMMUNI
CATIONS designs. - For fastest 
results please phone Mr. Anderson 
Andertronics Ltd, Ridgeway, Hog's 
Back, Seale (nr. Farnham), Surrey, 
02518-2639. (276) 

SHEET METAL WO·RK, fine or 
general front panels chassis, 
covers, boxes. prototypes. 1 oft or 
batch work, fast turnround .. 01·4~9 
2695. M. Gear Ltd ., 179A Vtctona 
Road, New Barnet, _Herts . (812 

MICRO-ELECTRONIC design and 
development work undertaken . by 
prO'fessional en.ginee.rs. - Contact 
Box No. WW 784. (784 

ARTICLES WANTED · 

WANTED!. 
all types of scrap and 
REDUNDANT 

ELECTRONIC 8t 
COMPUTER 
MATERIALS 

.with precious metal content 

TRANSISTORS 
& PRINTED 

CIRCUIT BOARDS 
TO COMPLETE 
COMPUTERS 

THE COMMERCIAL 
SMELTING & 

REFINING Co. Ltd. 
171 FARRINGDON ROAD 

LONDON EC1 R 3AL 
Tel: 01-837 1475 

Cables: COMSMELT, EC1 
Works: RECKNEY. Nr. LEICESTER . 

. (205) 

- --- - - -- - .. ~ - A ~ 

WANTI:D 
Test equipment, receivers, valves, transmit·. 
ters, componenjs, cable and electroni~ 
scrap, any quantity. Prompt service anc' 
cash. MemberofA.R.R.A . · 

M&8RADIO 
86 Bishopsgate Street 

l.8eds LS1 488 
0532-35649 

SPOT.CASH 
paid for all forms of electronics equip-• 
ment and components. 

F.R.G. General Supplies 
550 Kingston Road, London 

Tel: 01-404 5011 
. Telex: 24224 Quote Ref 3165 

WANTED 
ANGLIAN INDUSTRI~L 

AUCTIONS . 

We sell by auction, all radio and , 
electronic components and : 
equipment. Why not let U!> sell : 
your surplus and end of produc
tion materials . All ·entries must be ; 

. received .at least 21 days prior to 
sale . 

For entry forms or catalogue ot' 
next auction contact: 

B. BAMBER ELECTRONICS 
5 STATI ON ROAD 

LITTLEPORT 
CAM BS. CB& 1 QE 

TEL: (0353) 860185 

(263) 

DEAD OR ALIVE 

WIRELESS WORLD DECEMBER 1980 

CAPACITY AVAILABLE 

PCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high volume, single or double 
sided, we specialise in flow line 

• assembly. 
Using the Zevatron flow soldering_· 
system and on line cutting, we , 
are able to deliver high quality 
assemblies on time, and competitiv,.ely · 
pnced 
Find out how we can help you with 
your .production. Phone or write. We 
will be _pleased to call on you and 
discuss yo'ur requirements. 

TW ELECTRONICS L TO. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK ·. 
TEL: 0284 3931 

Sub-contract assemblers and wirers to 
.. the Electronics Industry -~ 

SMALL BATCH productions wlrtnr 
a.sS>embly to sample or drawings. 
SpecJ,alist in printed circuits as
sembly. Ro-ck Elt!(:tronics, 42 Bis
hopsfield, Harlow, Essex 0279 33018. 

(IJOIJ-1 

BATCH PRODUCTION wiring and 
assembly to sample or drawings. 
McDeane . Electricals 19b Station 
Parade, Ealing Common, London, 
W5. Tel. 01·992 8976. (169 

· eLECTRONic DESIGN · sERvfcE·. 
Immediate C!apacity available for 
circuit design and developme-nt 
work, PC artwork, etc. Small batch 
and proto•type production welcome. 
- E.P.D.S. Ltd., 93b King Street, 
MAIDSTONE, Kent. 0622·6'17916. 

(9667 

PCB ARTWORK DESIGN SERVICE 
with component notation mast-ers · 
and assembly drawings. PADS 
Electrical Ltd, 01-8110 6516, 45 
Southwood Road, New Eltham SEIJ. 

(7905 

The AIRAMCO Mikro 1000 
-The Scottish Solution. 

The Mikro 1000 is a Scottish built micro-computer which combines 
State of Art technology with simplicity and durability to give a 
powerful small business system at a vety competitive price. 
Driven by a 2.5 MHz or 4 MHz Z80 processing unit constructed 

around Industry Standard S 100 Bus, the Mikro 1000 is designed .............. ...... ................ ....... ,. to provide the ease of expansion necessary in a modern 
~ ·'\'\ , growing business or industry- memory is expandable 1 ~ from 32K to 256K, with up to 4 Megabytes of on-line ~~--iiliil:-- --·~· -· disk storage. 

The integral VDU has an 80 cols. x 24lines screen, and 
incorporates a green phosphor CRT, while the 117 key 

. keyboard can be used remotely from the main body of the machme, and may be programmed for user functions such as word processing commands. . 
As well as supporti?g all CP/M based languages, the Mikro 1000 has a full range of business software, including Sales, 
Purchase and Nommal Ledger, Inventory Control, and Payroll, as well as Word Processing (which is available at even lower cost as a separate system on the Mikro 1000 WP). 

For further information on either Mikro 1000 system, please contact: 

Unit A2, Longford Avenue, Kilwinning Ind. Est., 
Kilwinning, Ayrshire, KA22 8NP. 

Tel: 0294 57755 Telex: 779808 

WW-113 FOR FURTHER DETAILS 
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Registered in England 1179820 
I 

267 & 270 ACTON
1 

~ANE, LONDON, W4 5~G· 

Telephone: 01-747 1555/01-994 6275 
I 

RESISTORS 
Over 2 million metal oxides in stock, 
%, V2, 1 and 2w. 
Full range of Car.bon %I VJw. held. 
Good selection of wire wounds 2-
200w. 
Please phone with your require
ments. 

CONVERGENCE POTS 
Most popular TV values stocked in 
depth. 

DISC CERAMICS 
Over 2 million now in stock, mostly 
ITT type. Large quantity of high 
voltage discs, e.g. 21 Op 8kv, 220p_ 
1kv, 1n 1kv, 1n5 3kv, 2n2 2kv, 
4n7 1.5kv, 1 On 2kv. 

Please send for our Disc Ceramic 
Stock List 

CINCH BARRIER STRIP 
6w, 8w, 9w, 1 Ow. 18w in quantity. 

SCOOP PURCHASE OF 
PET 100 SERI S 
CONNECTORS 

Straight plug, right-angled plu 
chassis socket. Enables us to offer 
these tiems in quantity at a fraction 
of manufacturer's price. 

20mF 400v 
47mF 500v 
32 + 32/450v 

. 25p 

. 40p 

. 45p 

• " - ~ I 

SLIDER POTS 
by Egen 

220k R. Log. D.G. 
4 70K Lin 
1M Lin 
2M2 R Log . 

· Above values only 

6', 19", 1 MFOFF Racks £30 ea. 
Hence only a few left. 

lJ. ; 

I 

KEYSWITCHES (HEAVY 
DUTY) ' 

2p 12A 600v AC 
8p 1 OA 380v AC 
1 Op 1 2A 600v AC 

ROTARY POTS 
by Egen 

£1.50 
£3.00 
£3.00 

Large quantities of the following 
values: 2k2 lin, 22k log + sw, 1 OOk 
lin + push sw. 

Full range also held TEXAS 4030 
JLD Ram. Ex-New Equipment 

................. 30p ea 
2v 130mA Trunsformer 65p ea 

\ IELECTROLYTICS: 
200mF 400v 
400mF 350v 
500 + 150-1 OOv 

. SOp 

. 60p 

. 40p 

LARGE PANEL METERS 
140-0-140mA (1 07 X 145mm) 

. . . . . . . . . . . . . . . £5.00 
1mA {115 X 195mm) .. £5.00 

PRESETS 
Full range of PT10, PT15 held. Par
ticularly large quantities of the fol
lowing {Piher) 22k{V), 27k(V), 
1 OOR{H), All PTis. 

ELECTROL YT ICS 
Very large quantity of ITT EN 1 21 2 
and EN 123 5 series now in stock. 
Please send for our Electrolytic List. 

LICON SWITCHES 
(Illuminated) 

01-800 Series, Rectangular snap in 
2PCO latching £ 1.50 
2PCO Momentary £1.50 
5PCO Momentary £1.00 
Indicator only (. . . . . 50p 
Lenses available in white and red . 
Bulbs to suit 6v, 12v, 28v, 48v 

. ..... . . . ........ 22p ea 
BWC Plugs {by Suhner) 7 5R . Large 

quantity available. 

600mF 300v 
20,000mF 45v 

. 60p 

. 40p 

We have good stocks of computer grade Electrolytics, too many values to mention here . Please phone for details. 
The abo~e is a fraction of _our stock holding. We also stock a full range of semiconductors, c<?nn~cto~s, alu~i~ium boxes, w1re and cables, SWitches, Vero products, etc. For further details phone, send for our retail pnce list, or VISit our 

shop. 
-
IMPORTANT NOTICE: 
Due to the fluct'!ation in the price of materials used in the items offered above, the company reserve the right to alter priCes where necessary. If unsure please telephone the above number and our staff w ill answer your query. 
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IBM SELECTRIC (Golfball) typewriter with 
optical tape reader and tape punch in 

compact desk-top unit with RS232 serial 
interface. EBCDIC coded. Reduced from 
£375 to £295. 
Also available a limited number only of 
machines untested, except for typewriter 
operation, at £195. . .. · . . . _ 
* Dl I AN Model 9030 Desk , top termi~al similar to QECwr iter LA.36 . U p~er' ; l~~er case 

matrix printer, up to 300 Baud . Feature$ switchable Ba.ud rate·, p·arity , f<eyboa rci and 
duplex opt ions . Reduced from £225.' · £190 

* DATADYNAMICS Model KSR 33 Teletype w ith keyboard and printer for 11.0 Baud 
operatiOn . RS232 interface. In excelle nt co nd1 tion . Reduced from £175 £150 

*DATA DYNAMICS Mpdels ASR 33 and ASR 390 terminals with paper tape 
reader 1 pu~ch also avai lab le f rom 

VAT and carriage extra on all items 

~-. .... ~~~~~~ 
INDEX TO ADVERTISERS DECEMBER 

AppointmentsVacan_t Advertisements appear on pages 131-142 

PAQE 

Aro~~~M~ 4 
Aero Elec. Ltd . . . . . . . . . . . . . . . . . . . . . . . . . 128 
Airamco . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142 
Ambit International . . . . . . . . . . . . . . . . . . . . . . . . . 17 
Anders Electronics Ltd . . . . . . . . . . . . . . . . . . . . . . 27 
Antex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91 
A.P. Products . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 124 
Aspen Electronics Ltd . ... ...... ..... . ·...... 115 
Audio Electronics .... . .. .. ............ ·. . 15, 116 
Austerfield Clark . . . . . . . . . . . . 105 

Bang & Olufsen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
Barkway Electronics Ltd . . . . . . . . . . . . . . . . 115 
Barrie Electronics Ltd . . . . . . . . . . . . . . . . . . . 117, 128 
Bell & Howell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78 
.Beyer Dynamics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 
BIB Hi-Fi ..................... . ....... . Cover iv 
Bi-Pak . . . . . . . . . . . . ... . ... . ....... 129 
British National Radio . . . . . . . . . . . . . . . . . . .. . . . . 96 
Bull, J .. 3 .................................. 118 

Cambridge Learning . .. ..... . ...... ~ . . . . . . . . . 24 
Carston Electronics Ltd .... . . . . ... .. . .... '6, 7, 15 
Catronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110 
Chiltmead Ltd . . . . . . . . . . . . . . . . . . . . 126 
Circuit Services . . . . . . . . . . . . . . . . . . . 108 
Clark Masts Ltd . . . . . . . . . . . . . . 28 
Codespeed Elec . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92 
Codey Electrical, Frank . . . . . . . . . . . . . . . . . . . . 129 
Colomor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102 . 
Computer Appreciation . . . . . . . . . . . . . . . . 105, 144 
Continental Specialities . . . . . . . . . . . . . . . . . . . . 13 
Crimson Elektrik . . . . . . . . . . . . . . . . . . 10 
C.T. Electronics. . . .... . ..... ... . . .. . . . '· . . . . 143 

Digi-tal .. .... .. . . . ... . .. . '' ....... ' 28 
Display Electronics 
Doram Elec . .. ... . 

125 
23 

Edicron . . . . . . . . . . 10 
Electronic Brokers Ltd . . 115, 117, 120, 121, 122, 123 
Electronic Equipment ... ..... ... .. ... . .... .. 119 
Electro-Tech Comps Ltd . . . . ... . .. . .. . · ...... 127 
Electrovalue . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77 

OVERSEAS ADVERTISEMENT 
AGENTS: 
·France & Belgium: Norbert Hellin, 50 Rue de Chem in Veat. 
F-91 00, Boulogne. Paris 

Hungary : Mrs Edit, Bajusz , Hungexpo Adver{isin g _ Agency , 
Budapest XIV , Varosliget . 
Telephone : 225 008- Telex : Budapest 22-4525 
INTFOIRE 

Italy: Sig C. Epis, Etas-Konnpass. S.p .a. - Servizio Estero . Via 
Mantegna 6, 20154 Milan 
Telephone : 347051- Telex : 37342 Kompass . 

PAGE 

Faircrest Eng . ... ................. . _ . . . . . . . 106 
Farnell Instruments Ltd . . . . . . . . . . . . . . . . . Cover ii 
Feedback Data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63 
Field Tech . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112 
Flight Link Control . . . . . . . . . . . . . . . . . . . . . . . . 129 

GMT Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22 
G.P. Industrial Elec. Ltd. . . . . . . . . . . . . . . . . . . . . . 98 
Guide to Broadcasting Stations . . . . . . . . . . . . . . 109 

Hall Electric .... ... . ... . .... .. . ·. . . . . . . . . . . . . . 2 
Happy Memories ..... .. ... .. ............... 110 
Harris Electronics (London) Ltd . . . . . . . . . . . . . 22 
Harrison Brothers . . . . . . . . . . . . . . . . . . . . . . . . . . . 28 
I-,lart Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94 
Hi-Fi Y /Book . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127 
Hilomast Ltd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100. 

ILP Electronics Ltd . . . . . . . . . . . . . . . . . . . . . . . 32, 33 
ILP Transformers Ltd . . . . . . . . . . . . . . . . . . . . . . 108 
Integrex Ltd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 25 
ITT Instrument Services . . . . . . . . . . . . . . . . . . . . . 5 

Kelsey Acoustics . . . . . . . . . . . . . . . . . . . . . . . . . . 128 
KGM Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 
Kirkham Amplifier . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
K.T. Manners . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
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Levell Electronics Ltd. . . . . . . . . . . . . . . . . . . 3 
Lyons Instruments . . . . . . . . . . . . . . . . . . . . . . . . . 112 

Maclin-Zand Elec. Ltd. . . . . . .. ....... .. . . 16, 103 
Maplin Electronic Supplies ...... . .. . . . .. Cover iii 
Marshall, A. (London) Ltd. . . . . . . . . . . . . . . . . . . 106 
Martin Associates . . . . . . . . . . . . . . . . . . . . . . . . . . . 30 
Mascot Elec .. .. . :. . . . . . . . . . . . . . . . . . . . . . . . . 109 
Melkuist ............. . .. ·. . . . . . . . . . . . . . . . . . . 77 
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Mills, W .... .. .. ......... ...... ...... .. .. . . 110 
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Minim Audio . ....... . . ·' . . . . . . . . . . . . . . . . . . . . . 24 
Modus Systems . . . . . . . . . . . . . . . . . . . . . 30 
Monolith Electronics Co. . . . . . . . . . . . . . . . . . . . . 98 
Multicore Solders Ltd. . ................. Cover iv 
Mura Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Japan: Mr . lnatsuki. Trade Media- IBPA (Japan)·. B.212 . 
Azabu Heights. 1-5-10 Roppongi . Minato-ku , Tokyo 1 06 
Telephone : (03) 585 05B1 . 

United States of America: Ray Barnes, IPC Business Press , 
205 East 42nd Street. New York . NY 1001 7 - Telephone 
(2 12)6895961-Telex 421710 . · 
Mr Jack Farley Jnr., The Farley Co ., Suite 1 584, 35 East 
Wacker Drive, Chicago, Illinois 60601 - Telephone : (31 2) 
63074 . . 
Mr Victor A. Jauch, Elmatex International, P.O . Box 34607 , 
Los Angeles, Cal if. 90034. USA - Telephone (21 3) 821 -
8581 -Telex : 18-1 059 . 
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Newtronics (H.L. Audio) · ....... . . . .... . ... . . 104 . 
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Pye Unicam .. .. . . ... .... ....... ..... : . . . . . . 11: 

Radio Co~ponents Specialists . . . . . . . . . . . . . . . 101 
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R.C.S. Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . 30. 
Rediffusion Reditronics . . . . . . . . . . . . . . . . . . . . . 128 
RSTValves .... :j: ......... ..... .... ........ 111 

Safgan Electronics .................. -. . ·. . . . . 11 !i 
Sales, Charles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119 
Science of Cambridge . .. .. ...... . . .. . .. . . . 20,21 
Scopex Instruments Ltd. . . . . . . . . . . . . . . . . . . . . 113 
Shure Electronics . . . . . . . . . . . . . . . . . . . . . . . . . . . 34 
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Technomatic ......... . . .... .. . .... .. .. , . . . . 107 
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World Travel Market . . . . . . . . . . . . . . . . . . . . . . . . 19 

Zaerix . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96 

Mr Jack Mentel, The Farley Co ., Suite 650, Ranna Building, 
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Beach. Florida 33140- Telephone (305) 532 7301 . 
Mr Tim Parks, Ray Rickles & Co., 3116 Maple Drive N.E., 
Atlanta, Georgia 30305 . Telephone : (404) 237 7432 . 
Mike Loughlin, IPC Business Press. 15055 , Memorial Ste 119, 
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Breadboard 1980 
26th to 30th November 

Open 10 a.m. till6 p.m. (and till 
8 p.m. Thursday, 4 p.m. Sunday) 

Royal Horticultural Halls, 
~lverton Street, London 

(Nr. St.James's Park Underground) 

Visit our huge stand and 
see our new'single-chip' 

new secJUf~ncerf,cornnoc;F•r 
a 

-- -------------1 Post this coupon now for your copy of our 1981 I 
1 catalogue price£ 1. 
1 Please send me a copy of your 320 page catalogue. I 
I I enclose£ 1 (Plus 25p p&p}. If I am not completely I 
I 

satisfied I may return the catalogue to you and have I 
my money refunded. If you live outside the UK send 1 

I £1.68 or 12 International Reply Coupons. 1 I I enclose £1.25 I 
I Name 1

1 
I 
1 Address I 
I · . w 12so 1 

1--------------------
WW~ll FOR FURTHER DETAILS 
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The biggest name in solder worldwide 

Arax Multicore Solder. 
Economy pack for general non-electrical use. 
Replaces solid wire and stick solder. (B.S. 219 GradeL). 
Econopak 200g reel of 3mm dia. Size 16A. 
£4.14 per reel. 

Toolbox Reels. 
Multicore 5-core solder for general use. Suitable for 
electrical joints (B.S. 219 Grade C). 
40j 60tinjlead.1.6mmdia.Size3. £3.91perreel. 

Savbit. 
Multi core 5-core solder for radio, 1V and similar work. 
Reduces copper erosion. Suitable for service engineers 
and manufacturers using small quantities of solder. 
1.2mm dia: Size 12. £3.91 per reel. 

Multicore Wick 
Multicore solder-wick for removing solder from 
virtually any joint. 
1.7mm dia. Size ABlO. £1.38 per reel. 

Aluminium Soldering. 
Alu-Sol Multicore 4-core solderfor soldering most 
types of aluminium. No extra flux needed. 
1.6mm dia. Size 4. £11.50 per reel. 

Bib Hi-Fi Accessories Ltd., (Solder Division), 
Kelsey House, Wood Lane End, 
Heme! Hempstead, Hertfordshire HP24RQ. · 
Telephone: (0442) 61291. · 

Products that help Y.OU 
make a better ioli of it. 

Handy Dispensers 
PC115 for printed circuits. 
SV130 for radio and 1V repairs. 
AR140 for non-electrical applica

tions, except aluminium 
SS 160 for stainless steel and silver 

jewellery. 
19A forprintedcircuitboards-

ALl 50 
BCA16 

BCR10 

BCA14 

Tip Kleen. 

non-corrosive. 
for aluminium. 
solder cream for stainless 
steel. jewellery and house
hold products (non-electrical) . 
solder cream for electronic 
and electrical use. 
all purpose solder cream, 
non-electrical jointing and 
repairing. 

Multicore Tip Kleen. 
Soldering-iron tip wiping pad. 
Replaces wet sponges. (Should 
not be used above 350"C). 
81pperpack 

Soldering Flux Pastes. 

Per pack 
£1.15 
£1.61 

n :38 
£2.53 

96p 
£1.93 

£3.22 

£1.38 

£1.38 

Multicore soldering flux paste. Extra fast non
corrosive, rosin-flux for electrical and general purpose 
soldering. 
Rosin R.F10. 35g net. 69p per pack. 
Multicore soldering flux paste for soft metals (except 
aluminium) and stainless steel. Non-electrical. 
AraxA.Fl4. 35g.69p per pack. 

Econopak 
Ersin Multicore 5-core solder. Contains non-corrosive 
flux for electrical applications. 
1.2mm dia. 200g Econopak. Size 13A. £4.14 per reel. 

Metal Soldering. 
Arax Multicore 4-acid-core solder for metal fabrication 
(not aluminium) and repairs. 
40/ 60 tinj lead.1.6mm dia. Size 1~. £3.91 per reel. 

Wire Stripp'er and cutter. 

T.V. and Radio 
Soldering. 

. Savbit Multicore for 
radio, 1V and similar 
work. Reduces copper 
erosion. 
1.2mm dia. Size 5. 
90p per handy 
dispenser. 

· Econopak 
General purpose solder 
suitable for all electrical 
joints. 
40j 60 alloy.1.2mm dia. 
Size 6. 58p per handy 
plastic dispenser. 

Wire stripper and cutter with precision ground and 
hardened steel jaws. Adjustable to most wire sizes. 
With handle locking-catch and easy-grip plastic 
covered handles. 
Ref 9. £2.69 per pair. 

All recommended retail prices shown are inclusive of VAT If you have difftculty in obtaining any of 
these products send direct with 40p for postage and packing. For free colour brochure send S.A.E. 
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The biggest name in solder worldwide 

Arax Multicore Solder. 
Economy pack for general non-electrical use. 
Replaces solid wire and stick solder. (B.S. 219 Grade L). 
Econopak 200g reel of 3mm dia. Sizel6A. 
£4.14 per reel. 

Toolbox Reels. 
Multicore 5-core solder for general use. Suitable for 
electrical joints (B.S. 219 Grade C). 
40/60 tin/lead. 1.6mm dia. Size 3. £3.91 per reel. 
Savbit 
Multicore 5-core solder for radio, TV. and similar work. 
Reduces copper erosion. Suitable for service engineers 
and manufacturers using small quantities of solder. 
1.2mm dia. Size 12. £3.91 per reel. 

fAUlTCORt; 
TlCM 

Multicore Wick. 
Multicore solder-wick for removing solder from 
virtually any joint. 
1.7mm dia. Size AB10. £1.38 per reel. 

AUI-SOif [ tftnmoetn 
, 4 CORE SOLDER / 

SiZE4 

Aluminium Soldering. 
Alu-Sol Multicore 4-core solder for soldering most 
types of aluminium. No extra flux needed. 
1.6mm dia. Size 4. £11.50 per reel. 

Bib Hi-Fi Accessories Ltd, (Solder Division), 
Kelsey House, Wood Lane End, 
Hcmel Hempstead, Hertfordshire HP2 4RQ. 
Telephone: (0442) 61291. 

Products that help you 

make a better job of it* 
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Handy Dispensers Perpack 
PC 115 for printed circuits. £1.15 
SV130 for radio and TV repairs. £1.61 
AR140 for non-electrical applica- 

£i;38 tions, except aluminium 
SSI 60 for stainless steel and silver 

jewellery. £2.53 
19A for printed circuit boards - 

96p non-corrosive. 
AL150 for aluminium. £1.93 
BCA16 solder cream for stainless 

steel, jewellery and house- 
£3.22 hold products (non-electrical). 

BCR10 solder cream for electronic 
and electrical use. £1.38 

BCA14 all purpose solder cream. 
non-electrical jointing and 

£1.38 repairing. 

Tip Kleen. 
Multicore Tip Kleen. _ 
Soldering-iron tip wiping pad. 
Replaces wet sponges. (Should 
not be used above350oC). I 
81p per pack. 

ARAX A.Ft4 SOLDERING FLUX PASTE 

SpiOtK 

Soldering Flux Pastes. 
Multicore soldering flux paste. Extra fast non- 
corrosive, rosin-flux for electrical and general purpose 
soldering. 
Rosin R.F10.35g net. 69p per pack. 
Multicore soldering flux paste for soft metals (except 
aluminium) and stainless steel. Non-electrical. 
Arax A.F14.35g. 69p per pack. 

Econopak. 
Ersin Multicore 5-core solder. Contains non-corrosive 
flux for electrical applications. 
1.2mm dia. 200g Econopak. Size 13A. £4.14 per reel. 

Metal Soldering. 
Arax Multicore 4-acid-core solder for metal fabrication 
(not aluminium) and repairs. 
40/60 tiiyiead. 1.6mm dia. Size 11. £3.91 per reel. 

COM 

ALLOY 

1 

TV and Radio 
Soldering. 

, Savbit Multicore for 
radio, TV. and similar 
work, Reduces copper 
erosion. 
1.2mm dia. Size 5. 
90pper handy 
dispenser. 
Econopak. 
General purpose solder 
suitable for all electrical 
joints. 
40/60 alloy. 1.2mm dia. 
Size 6.58p per handy 
plastic dispenser. 

Wire Stripper and cutter. 
Wire stripper and cutter with precision ground and 
hardened steel jaws. Adjustable to most wire sizes. 
With handle locking-catch and easy-grip plastic 
covered handles. 
Ref:9. £2.69 per pair. 

All recommended retail prices shown are inclusive of VAT. If you have difficulty in obtaining any of 
these products send direct with 40p for postage and packing. For free colour brochure send S. A.E. 
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