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·A Synthesized Signal Generator 
fromml 

£8,000? £6,000? £4,000?under £2,000? 
Somehow some of our customers have been 

persuaded that our prices are as big as we_ are. Sometimes 
the biggest brains are the most. cost-conscious brains. For 
example, our illustration shows a synthesized signal 
generator which costs £1,900 *: the new 520MHz 
TF2015(1 Signal Generator with its associated 
Synchronizer. With this combination, synthesizer 
operation is obtainable without any degradation 
of generator signal purity, performance and versatility. 

Leakage specification is lower than any other 
available VHF(UHF source and output accuracy at low 
levels beats all others in the price range . 

Building on the enviab.fe reputation of the 
TF2015 ror performance, reliability and valu.e, we have 
now introduced two new a.m.ff.m. ve·rsions: the 
TF2015(1 for narrow band mobile radio testing and 
TF20 15/2 for telemetry and other wide,band applications. 
The U.K. price for TF20 15/2 with Synchronizer is 
£2, I SO*. All have a frequency coverage of 10 to 520MHz 
with calibrated a.m. and f.m. • 

Tuning in lOOHz steps whilst under locked coflditlons 
provi·des a valuable facility for ba.Jildwidth rneasurements 
and channel stepping. Digital setting of frequency with 
direct readout mea~s no waiting for counter gate times 
when you want high resol·ution, and no r.f. leakage from 
display holes. 

*Special U.K. price 
One in four 

Only one in four of our customers tells us he n·eeds 
the stabihty of a synthesizer. So the othe·r three can save 
almost half the cost of the synth,esizer combination by 
buying the analogue part alone. So. wl\ether you require a 
synthesizer or a signal g~enerator you can now obtain 
quaHty at ordinary prices. 

Optional accessories include Pulse Moclwlator TF2169, 
i.f. probes for 'squekh kJUing•, multiple catihration plates 
for units of output J,evel, matching pads, attenuators, 
reverse power protection and carrying case. 
Write or 'phone for full detai Is: 

m1 MARCONI INSTRUMENTS 
Marconi Instruments Limited· Longacres ·St. Albans· Hertfordshire · England AL4 QJN ·Tel: (1727) 5'9292 ·Telex: 23351 

Marconi Electronics Inc ·100 Stonehurst Court · Northvale· New Jersey 07647 USA· Tel: (201) 767-7250 · Twx: 710-991-9752 
Marconi Instruments · 32 avenue des Ecoles · 91600 Savlgny-Sur-Orge · France · Tel: 996.03.86. · Telex: 600541.F 

Marconi Messtechnik GmbH · 8000 MUnchen 21 Jorgstrasse 74 · West Germany · Tel : (089) 58 20 41 · Telex: 5 212642 
AGEC-M~ rl"on t f\lprtron ir<C:nmnanv \ITW_ftAI IIO"OD II< L IDT...UJ;U ntT.A.I.I to: 
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Front cover shows the pro
"totype keyboard of the 
scientific computer 
together with a display of 
trigonometric values. Part 1 
of the constructional design 
starts in this issue. 

IN OUR NEXT ISSUE 

Converting between an
alogue and digital quant
ities - 1 is the first part 
of a series of articles on 
this topical subject, star
ting with a discussion of 
digital codes. 
Acoustic breakthrough 

. in record players. Meas
urements of the sen
sitivity of the pickup I 
arm I turntable combina
tion to loudspeaker 
sound in various 
operating conditions. 

Current issue price 40p, back issue 
(if available) 50p. at Retail and 
Trade Counter, Paris Garden, Lon
don SE 1 . Available on microfilm 
please contact editor. 
By post, current issue 5 5p, back 
issues (if available) 50p, order pay
ments to Room CP34, Dorset 
House, London SE 1 9LU . 
Editorial & Advertising offices: 
Dorset House, Stamford Street, 
London SE1 9LU . 
Telephones: Editorial 01-261 
8620. Advertising 01-261 8339 . 
Telegrams/Telex: Wiworld Bis
nespres 25137 BISPRS G. Cables 
Ethaworld, London SE 1 . 
Subscription rates: 1 year . £7 .00 
UK and$ 23.40 overseas ($24 USA 
and Canada) . . 
Student rate: 1 year, t 3. 50 UK 
and i:.4 . 50 overseas ($11 . 70 USA 
and Canada) . 
Distribution: 40 Bowling Green 
Lane , London EC1 R ONE 
Telephone 01 -837 3636 . 
Subscriptions: Oakfield House,., 
Perrym.ount 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 
Avenue. Suite 1 217, New York, NY 
10022, 2nd-class postage pa id at 
New York . 
c IPC Business Press Ltd, 1 979 
ISSN 0043 6062 
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HD12 9025 £6.00 
HD13 D34H £12.00 
HD20 BZ5J4 25 £9.45 
HD20 B25H4 £11.98 . 
HD11 P25EBC £5.56 
Baker Superb £22.50 
Castle 8RSIDD £12.35 
Chartwell CE205 8" bass, mat· 

·ched pairs only pairs £59.90 
Coles 4001 £6.25 
Coles 3000 £6.25 
Celestion HF1300 II £8.25 
Celestion HF2000 £9.95 
Dalesford D 1 0 tweeter £8.25 
Dalesford 0301110 5° 0 £10.95 
Dalesford 0501153 6W' £11.95 
Oalesford 0501200 8" £11.95 
Dalesford 0701250 1 0" £24.95 
Oalesford 01001310 12" £34.95 
Decca London £41 .25 
DeccaCOI100018 £8.95 
Decca DK30 £27.50 
E.MLty-pe 350 4 ohm . £9.25 
E.M .I. 14A/770 14 X 9 £16.95 
E.M .1.8x5'dlc10watt ·£3.95 
lsophon KK 10 I 8 £8.25 
lsophon KK8 18 . . £7.50 
Jordan Watts Module £17.95 
Jordan 50mm Unit £22.50 
Jordan CB Crossover £22.50 
KEF T27 £8.50 
KEFB110 £10.95 
KEF B200 £11.95 
KEF B 139 £24.95 
KEF DN 13 £4.95 

-KEF ON 12 £7.25 
KEF DN22 pair £36.00 
Lowther PM 6 £4![ 95 
Lowther PM6 MKI £52.00 
Lowther PM 7 £86.50 
Peerless OT1 OH FC £9.75 
Peerless K01 ODT £8.95 
Peerless K040MRF £11.75 
Radford BD25 II £26.95 
Radford M09 £14.50 
Radford MD6 £19.50 
Radford FN81FN831 £19.95 
Richard Allan CG8T £9.95 
Richard Allan CG 12T Super £22.45 
Richard Allan HP8B £15.50 
Richard Allan LP8B £10.35 
Richard Alla'n HP12B £25.25 
Richard Allan DT20 £7.25 
Richard Allan OT30 £7.45 
SeasHOS6 . . _ .. . - .. . £8.75 
Shackman E'lectrostatic C I W polar 

network&XIO pair £112.00· 
Tannoy HPD 295A £78.00 
Tannoy315A £87.50 

t~ 
5 Swan Street. 
Wilmslow, I Cheshire. 

PAGROUP& 
DISCO UNITS 

Tannoy HPD 385A 
Tannoy'HPD 31 5A 
Tannoy HPD 3S5A 
Baker Group 25 
Baker Group 35 
Baker Group 50 / 12 
Baker Group 50 I 1 5 
Celestion G 1 2M 
Celestion G 1 2H 
Celestion G 1 SC 
Celestion G 1 2 I 7 5 

(alum . dome) 
Celestion G 1 217 5 (d I cone) 
Celestion G 12M I 50 

(cambric edge) 
Celestion G 1 5 I 1 00 

£105.00 
£87.50 

£ 105.00 
£13.00 
£14.50 
£21.00 

£33.00 
£13.50 
£17.95 
£41 .95 

£22.50 
£24.50 

£16.95 

(alum dome) 
Celestion M H 1 000 

1Celestion Powercell 1 2 
Celestion Powercell 1 5 
'Celestion Powercell 1 5 

£32.50 
£13.50 

I 100 £45.95 
I 100 £48.95 
1125 £51.95 

· Fane Pop 40 
Fane Pop 50H 
Fane Pop 75 
Fane Pop 65 
Fane Pop 80 
Fane Pop 100 
Fane J44 horn 
Fane J 1 04 horn 
Fane J 73 horn 
Fane Guitar SOL 
-Fane Guitar BOB 
Fane Disco 80 
Fane PASO 
Fane Bass S5 
Fane Crescendo 1 2A 
Fane Crescendo 12B 
Fane Crescendo 1 5 I 1 00 
Fane Crescendo 1 5 I 1 2 5 
Fane Crescendo 1 8 
Fane 920 II Horn 
Fane HPX1 / HPX2 

Goodmans SPA 
Goodmans 12P 
Goodmans 12PO 
Goodmans 1 2PG 
Goodmans 1BP 
Goodman_s ~OHX 

McKenzie C12SO 
McKenzie G P 1 5 
McKenzie TC15 
McKenzie CG 1 5 Bass 
Motorola Piezo Horn 
Richard Allan HOST 
Richard Allan H D 1 OT 
Richard Allan HD 12T 
Richard Allan H D 1 5 
Richard Allan HD15T 

£10.95 
£12.50 
£16 .95 
£19.95 
£21.95 
£35.95 

£6.50 
£13.75 

£9.75 
£19.75 
£19.95 
£21.50 
£19.50 
£29.95 
£42.95 
£44.95 
£54.95 
£64.95 
£75.95 
£45.95 

£2.50 
£4.25 

£19.75 
£22.50 
£21.25 
£45.50 
£20.50 
£22.95 
£32.95 
£32.95 
£55.95 

£8.50 
£14.50 
£15.75 
£20.95 
£36 .95' 
£37.95 

WILMSL 
AUDIO 
KITS FOR MAGAZINE DESIGNS etc. 

Kits include drive units, crossovers , 
BAF 1 Long fibre wool, etc . for pair of 
speakers. 

Carriage £3 .50 

Practical Hili & Audio PR09-TL 
(Rogers) £118.00 

Felt panels for PR09-TL 
£5.50 + £1 .50 p&p 

Hili Answers Monitor (Rogers) 
£129.00 

Hili News State of the Art 
(Atkinson) £161.00 

Popular Hifi Mini Monitor 
(Colloms) £63.00 

Popular H ifi Round Sound (Stephens) 
including complete cabinet kit 

£69.00 
Popular H ifi (Jordan) £91.00 

Practical Hili & Audio Monitor 
(Giles) £119.00 

Practical Hili & Audio Triangle 
(Giles) £86.00 

Practical Hifi & Audio BSC3 
(Rogers) £60.00 

Practical Hifi Mini Triangle 
(Gi les) £99.00 

HiFi News Miniline (Atkinson) 

HiFt News Tabor (Jones) 
Hili News Tabor (witti H4 

bass units 

. . £43.00 
-£51.95 

£55.00 
Wireless World T.L. 1 KEF 

(Bailey) £112.00 
Wireless World T.L. I Radford 

(Bailey) £154.00 

SMART BADGES FREE WITH ALL 
ABOVE KITS (TO GIVE THAT 
PROFESSIONAL TOUCH TD DIY 
SPEAKERS!t 

Send- 3 x 7p stamps for reprints / 
construction details of any of above 
designs. 

CARRIAGE & INSURANCE 

Tweeters I Crossovers 
Speakers up to 1 o-
Speakers 1 2" 
Speakers 1 5" 
Speakers 1 8" 
Speaker Kits 
Mag. design kits 

40p each 
75p each 

£1 .50 each 
£2.50 each 
£3 .50 each 
£2.50 pair 
£3.50 pair 

Sencl15p stamp for free 38 page 
catalogue 'Choosing a Speaker' 

Telephone: Speakers, Mail Order and Export : 
0625 529599 . Hi-Fi : 0625 526213 

~· -... jl Lightning service on telephoned credit card orders! ll!:!J 
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SPEAKER 
KITS 

Prices per pai·r_ Carriage £2 .50 . 

Dalesford System 1 
Dalesford System 2 
Dalesford System 3 
Dalesford System 4 
'Dalesford System 5 
Dalesford System 6 

Eagle SK210 
Eagle SK215 
Eagle SK320 
Eagle SK325 
Eagle SK335 

Kef Kit I 

Lowther PM 6 Kit 
Lowther PM6 MKI Kit 

Peerless 1 060 
Peerless 11 20 
Peerless 2050 
Peerless 2060 

£52.90 
£55.75 

£101.75 
£108.00 
£139.00 

£93.00 

£15.00 
£29.00 
£37.00 
£67.00 
£91.00 

£59.50 

£103.00 
£173.00 

£71.95 
£139.00 

£49.95 
£65.95 

Radford Studio 90 £ 154.00· 
Radford Monitor 270 £208.00 
Radford Studio 270 £275 .00 
Radford Studio 360 £390.00 
RamKit 50 (makes Ram 100) £69.95 
Richard Allan Tango Twin Assembly 

£43.50 
Richard Allan Maramba T.R.B 

£61.50 
Rich~rd Allan Charisma T.R. 12 . . 

Rich~r-d Alia·n Supe~ T~iple 
Richard Allan RAS 
Richard Allan RAS2 
Richard Allan RAS2L 

£90.00 
£73.00 
£46.50 
£74.00 
£79.95 

£17.90 
£35.50 
£43.90 
£73.90 

Seas Mini 
Seas 203 
Seas 302 
·seas 303 
Seas 503 £119.90 

Wharfedale Denton 2XP 
Wharfedale Linton 3XP 
Wharfedale Glendale 3XP 

£26.95 
£41.95 
£56.95 

Everything in stock for the 
speaker constructor! 
BAF, long fibre wool, foam , 
crossovers. felt panels, com-· 
ponents, etc . 
Large selection of grille fabrics . . 
(Send 1 5p in stamps for fabnc 
samples) . 
(Prices correctat 1 I I I 79) 

Swan Works, Bank Square, 
Wilmslow, Cheshire. 
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DON'T GAMB[E 

WITH PERFORMANCE 

BUY 

LEVELL VOLTMETERS 

A. C. MICROVOL TMETERS 
VOLTAGE & 
dB RANGES 

RESPONSE 

INPUT IMPEDANCE 

AMPLIFIER OUTPUT 

15~V. 50~~ 150~V ... 500V~d . 
Ace.:+- 1 %+ 1% fsd :+- 1 fLV at 1kHz. 
-100, - 90. + 50dB. 
Scale -20dB/+6dB ref. 1mW/600Q. 

:+- 3dB from 1Hz to 3M Hz. 
:+- 0 3dB from 4Hz to 1M Hz above 500fLV. 
TM3Bfilterswitch: LFcut 10Hz, 
HFcut 100KHz, 10KHz or 350Hz . 

Above 50mV 1 OMQ < 20pF. 
On 50f1V to 50mV: > 5MQ < 50pf . 

150mV at fsd . 

BROADBAND VOLTMETERS 

H.F. VOLTAGE & 
dB RANGES 

H.F . RESPONSE 

L.F . RANGES 

AMPLIFIER OUTPUT 

type 
TM6A £170 

1 mV, 3mV, 1 OmV . .. 3V fsd. 
Ace.:+- 4%::+- 1% fsd at 30M Hz . 
~so. -40. +20dB . 
Scale -10dB/+3dB ref .1mW/50Q. 

+ 3dB from 300kHz to 400MHz. 
:+-0 7dBfrom 1MHzto 50MHz . 

As TM3 . 

Square wave at 20Hz on H.F . with 
amplitude proportional to square of input 
As TM3 on L.F. 

~~~B £180 

D.C. MICROVOL TMETERS 

VOLTAGE RANGES 30f-t~ 100~V . 300f1V ... 300V. 
Ace.:+- 1 %+ 2% fsd+ 1 ~V. CZ scale . 

CURRENT RANGES 30pA, 1 OOpA. 300pA .. . 300mA. 
Ace. :+- 2%:+- 2% fsd + 2pA. CZ scale . 

LOG . RANGE + 5f.LV at:+- 10% fsd, + 5mV at+ 50% fsd, 
::+- 500m Vat fsd. 

RECORDER OUTPUT :+- 1 Vat fsd into > 1 kQ. 

type £90 
TM10 

Fully details specification sheets are available on request for our complete range of portable instruments . Prices are ex-works, 

carriage, packing and VAT extra . Optional extras are leather cases and power units . 

LEVE MOXON STREET, BARNET, HERTS., EN5 5SD. 

TEL: 01-449 5028/440 8686 
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THINK OF A SHAPE 
~~ 

S 5000 - dual channel 
up to 500W I RMS per 
channel DC-20 KHZ 

Whatever it is, the HIIH 'S' range 
of power amplifiers will handle it 

The HIIH 'S' range is designed to handle heavy industrial usage in the fields of vibrator 

driving, variable frequency power supplies and servo motor systems. 

s 5000 
Dual Channel 
19" rack mo~nt 3V2" high 
500w r.m.s. into 2.5 ohms per channel 
900w r .m.s. in bridge mode 
DC-20 KHZ at full power 
0.005% harmonic distortion (typical) at 
300w r .m.s. into 4 ohms at 1 KHZ 
3KW dissipati,on from in-built force cooled 
dissipators 

s 2500 
Single Channel 
19" rack mount 3%" high 
500w r .m.s. into 2.5 ohms 
Retro-convertible to dual channel 
DC-20 KHZ at full power 
Full short and open circuit protection 
Drives totally reactive loads with no 
adverse effects 

.,! 

A complete range of matching transformers and peripheral equipment for closed loop, 
constant current and voltage use are available. 
Alternative input and output termination to order. Rack case for bench use built to 
specifications. For complete data write or call. 

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

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

FRANCHISED COMMERCIAL AND INDUSTRIAL AGENTS FOR HIIH ELECTRONIC 
WW-029 FOR FURTHER DETAILS 
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From Science of Cambridge: the new MK 14. 
Simplest, most advanced, most flexible 

microcomputer-in kit form. 

PROM-512 bytes 
RAM-256 bytes __ __, 

Extra RAM 
(optional) ------, 

,....----- SV regulator 

Power rails and 
input/output edge connector 

8-digit, 7 -segment · 
LED display ---..,..-~-......,.~~.-·-~-~~·~ 

MK 14 including 
optional RAM 110 
and Extra RAM. 

The MK 14 is a complete micro com outer with a 
keyboard, a display, 8.x 512-byte pr~
programmed PROMs, and a 256-byte RAM 

1 programmable through the keyboard . 
As such the MK 14 can handle dozens of 

user-written programs through the hexadecimal 
keyboard. 

Yet in kit form, the MK 14 costs only £39.95 
(+£3.20 VAT, and p&p). 

More memory-and peripherals! 
Optional extras include: 
1. Extra RAM-256 bytes. 
2. 16-line RAM l/0 device (allowed for on the 

PCB) giving further 128 bytes of RAM. 
3. Low-cost cassette interface module-which 

means you can use ordinary tape cassettes/ 
recorder for storage of data and programs. 

4. Revised monitor, to get the most from the 
cassette interface module: It consists of2 
replacement PROMs, pre-programmed with 
sub-routines for the interface, offset 
calculations and single step, and single
operation data entry. 

Display and keyboard 
interface circuitry. 

Edge connectorfor 
'------ external keyboard with 

up to 32 keys · 

SPECIFICATIONS 
•Hexadecimal keyboard • 8-digit, 7-segment 
LED.displaye 8 x 512 PROM, containing 
mom tor program and interface instructions 
•256 bytes of RAM • 4 MHz crystal• 5 V 
regulator• Single 8 V power supply• Space 
available for extra 256-byte RAM and 16 port 
I/0 • Edge connector access to all data lines 
and l/0 ports 

Free Manual 
Every MK 14 kit includes a Manual which deals 
with procedures from soldering techniques to 
interfacing with complex external equipment. 
It includes 20 sample programs including math 
routines (square root, etc), digital alarm clock, 
smgle-step, music box, mastermind and moon 
landing games, self-replication, general 
purpose sequencing, etc. 

Designed for fast, easy assembly 
The MK 14 can be assembled by anyone with a 
fine-tip soldering iron and a few hours' spare 
time, using the illustrated step-by-step 
instructions provided. 

How to get your MK 14 
Getting your MK 14 kit is easy.Just fill in the 
coupon below, and post it to us today, with a 
cheque or PO made payable to Science of 
Cambridge. And, of course, it comes to you with 
a comprehensive guarantee. Iffor any reason; 
you're not completely satisfied with your MK 14, 
return it to us within 14 days for a full cash 
refund. 

Science of Cambridge Ltd, 
6 Kings Parade, Cambridge, Cambs., CB21SN. 
Telephone: Cambridge (0223) 311488 

I T~cience of~bridge Ltd, 6 Kings Parade, Cam-;:dge, ~bs., C-;;1;;. --I I Please send me the fol~owing, plus details of other peripherals: I 
I 

0 MK 14 Standard M1croco.mputer Kit u · £43.55 (inc 40p p&p.) I 
0 Extra RAM u £3.88 (inc p&p.) 

5 

5. PROM programmer and blank PROMs to set 
up your own pre-programmed dedicated 
applications. 
All are available now to owners of MK 14. 

I 0 RAM I/O device rr £8.42 (inc p&p.) I . 
~ ~ :::o,ech equelmoney otd e<IPO 'rm £ (indicatetotal amount.) I · 

A valuable tool-and a training aid 
As a computer, it handles operations of all 

. types-from complex games to digital alarm 
clock functioning, from basic maths to a pulse 
delay chain. Programs are in the Manual, 
together with instructions for creating your own 
~enuinely valuable programs. And, of course, 
It's a superb education and training aid
providing an ideal introduction to computer 
techn'ology. 

I Addtm(pl<a,.print) Science of l 
L _____ A·~·~'~·=-_ Cambridg~,j 

WW-007 FOR FURTHER DETAILS 
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Prices 

More second 
user bargains 
from Carston 

T.V . Test Equipment 
MARCONI 
TF2909 Gray scale generator 
Temperature & Humidity 
AM PROBE 
T8650 Recording thermometer 
12" / hr chart speed 
CO MARK 
16048 LU Analogue thermometer 
0 -100 ' C 
DARTRON 
82 Thermohygrograph 
LEE-DICKENS 
HP5 Humidity probe 
HUMIGUN Temp/humidity probe 
with meter 
RAYTEK · 

from£ 

350 

50 

55 

45 

130 

215 

T1 000 Infra-red thermoprobe 275 

Vo ltmeters- Analogue 
AVO 

. 9AC/DC/O 50 

.BRADLEY 
CT4 71 C AC/ DC/0/current 
multi meter 350 

TopQualityTest Equipment 
at the keenest prices 

HEWLETI PACKARD 
427 A AC/DC/0 m·ultimeter 
3406A 1 0 kHz-1.2 G Hz 
KEITHLEY 
61 OB Electrometer recorder 0/P 

LINSTEAD 

295 
395 

330 

Prices 
Acoustic from£ 

BRUEL & KJAER 
2203 Precision sound level meter 400 
2204 Precision sound level meter 475 
1613 Octave filter set couples directly 
to 2203 & 2204 250 

CEL 
112 LEO meter-digitalreadout 575 

Bridges 
CAMBRIDGE 
43379 Decade resistance bridge 75 

MUIRHEAD 
D30A Wheatstone bridge test set 175 

SULLIVAN 
T1 098 Decade resistance bridge 190 

WAYNE KERR 
8221 Universal bridge 180 
8601Z R~ bridge to 5 MHz} 
SR268 Source for 8601Z 

475 

.Cable Test Equipment 
MARCONI 
TF2091 A/TF2092A White noise 
generator/receiver 300 channel 
system complete 550 

SIEMENS 
3W518/30335 C~ble test oscillator 
andvoltmeter10kHz-17 MHz 310 

STC 
742268 Telephone cable test set 350 

WANDEL AND GOLTERMAN 
TFPM43 Cable test voltmeter 
10kHz-14MHz 90 

Counter Timers 
HEWLETT PACKARD 
52538 Converter plug - in to 512 MHz 380 
5263A Time interval plug-in 60 

MARCONI 
TF2414A DC-40 M Hz 7 digits 170 
TF2422 Frequency divider to 300M Hz 50 

RACAL 
902410 Hz-600 MHz 7 +1 digits 326 
9059 DC -560 MHz with battery pack 300 
9835 DC-15 M Hz 6 digits 175 
9837 DC -60 MHz 6 digits 245 

Fun·ction Generators 
HEWLETT PACKARD 
3300A0.01 Hz-100kHzsine.') 
square triangular t 150 
3301 Auxiliary plug-in ) 
Insulation Testers 
EDGCUMBE 
Metrohm Hi resistance test set 50 

logic Analysers 
HEWLETT PACKARD 
1601 L Logic state analyser .1 2 
channel display 1050 

SPECTRUM DYNAMICS 
550 Universal programmer/verifier 
for ROMs 1550 

Mains Monitors 
AM PROBE 
LAV2X Mains voltage recorder 45 
LAV3X Mains voltage recorder 45 
LAV4X As LAV3X with supressed zero 50 

GEC 
F831 A Surge monitor records mains 
spikes +filter 85 
RUSTRAK 
268 +CT Clamp-on AC recording 
ammeter 110 

Microwave 
HEWLETT PACKARD 
423A Crystal detector 65 
X382A Attenuator 'X' band 220 
768C Directional detector 145 

Modulation Meters 
RADJOMETERS 
AFM1 AM/FM modulation meter 

• Oscilloscopes 
ADVANCE 
OS1 000 DC-15 MHz dual trace 

HEWLETT PACKARD 
164A+1801A+1822A DC-50 MHz 
system, T.B ; and amplifier included, 
storage facility (storage de -rated 
please ask for details) 
LAN SCOPE 
41 9A Display o.scilloscope 4 trace 

PHILIPS 
PM3232 DC-10M Hz dual trace 

TEKTRONIX 
3A 74 4 channel amplifier for 560 series 
453A DC-60 MHz dual trace 
5458 +CA DC-24 MHz dual trace 
system 
5103/D11 +5A18+5L4Spectrum 

·· analyser and storage system 
20 Hz-1 00 kHz 
5103N/D13+5A16N +5812N 
Storage system 20 div/ms DC-2 MHz 
5103N/D15+5A16N +5812N 
Storage system 800 div/ms DC-2 MHz 
5A21 N DC-1 MHz differential 
7A13 DC-100 MHzdifferential 
comparator 
7870 Dual time base with 7871\. 
delayed sweep (for 79~ ~~~ies) f 
TELEQUIPMENT 
D54 DC-1 0 MHz dual trace 
Oscilloscope Probes
Current 
TEKTRONIX 
P6021 AC current probe to 20M Hz 
P6022 AC current probe to 150M Hz 
Oscilloscope Probes
Voltage 
HEWLETT PACKARD 
1121A500 MHz 
TEKTRONIX 
P6032 Sampling probe kit 
P6046 Differential probe DC-1 00 MHz 
Oscilloscope Cameras 
HEWLETT PACKARD 
195A Pack film polaroid 
196A Pack film polaroid 
TEKTRONIX 
C30AR Roll film polaroid 
C31 A Roll film polaroid 
Power Meters 
HEWLETT PACKARD 
432A/478A 10 MHz-1.2 GHz 
wideband with bolometer 
Power Supplies 
DANA 
Battery Pack for use with 3800 series 

FARNELL 

Prices 
from£ 

205 

265 

650 

200 

375 

285 
760 

350 

1950 

675 

595 
95 

350 

275 

275 

220 
240 

90 

15 
250 

285 
145 

130 
135 

350 

Pulse Generators 
E. H. RESEARCH 
G710 5 V/50 0 30Hz-50 MHz RT 5 ns 
132AL 50V / 50 0 5 Hz-3 MHz RT 12 ns 

LYONS INSTRUMENTS 
PG2E10V/5001 Hz-16MHzRT10ns 
PG2310 V/50 01 Hz-10 MHz RT 5 ns 
SYSTRON DONNER 
10110V/50010Hz-10MHzRT5ns 
1108 10V/500 5Hz -50 MHz RT 4 ns 
Recorders & Signal 
Condition ing Equipment 
BRUNO WOELKE 
ME 1 02 B Wow and flutter meter 
ME102C Wow and flutter meter 

BRUSH 
260 Six channel 60Hz response, ink 
writing 
BRUEL & KJAER 
2305B Stylus Recorder includes 
50 db pot 
HEWLETT PACKARD 
70358 8~" x 11" 0 .4 mV -4 V /em 
17502A Plug - in for 7100 series 
recorder temperature module 

METRAWATT 
RAG 6 channel UV with conditioning 
amplifiers 
NAGRA 
IVD Portable tape recorder 

SE LABS 
3006DL T 12 channels UV 6 inch chart 
A 1000 Galvo 600Hz 0.34 mA/cm 
MICROMOVEMENTS 
M1 00 Galvo 60Hz 2.5j.IA/cm 
M400 Galva 300Hz 50 j.IA/cm 
M 1000 Galva 600Hz 0.34 mA/cm 
M 1600 Galva 1000Hz 0.4 maA/cm 
M6000 Galvo 5kHz 15.5 mA/cm 

SMITHS 
R E520.20 2 pen potentiometric roll 
chart 
RE551.20X -Y1 Y2plotterA3time 
base fitted 
SIEMENS 
Oscillostore 4 channel digital storage 
system with UV recorder 
KOMP 1112 pen potentiometric roll 
chart 

Signal Sources & 
Generators 
HEWLETT PACKARD 
200CD 5Hz -600kHz 0/P 10 V RMS 
608E 10 MHz-480 MHzAM 
0.1j.IV-1 V 0/P 
6693/100 3.7-8.3 GHz 5 mW, 
sweeper plug -in 
LEVELL 
TG150DM 1.5 Hz-150 kHz 2.5 V 
MARCONI 
TF1370A 10 Hz- 10 MHz 3 mV-3 V 0/P 

Prices 
from£ 

100 
175 

130 
135 

95 
195 

120 
150 

2400 

650 

500 

75 

695 

950 

450 
30 

25 
25 
25 
25 
25 

385 

575 

3300 

575 

76 

410 

525 

45 

160 

M2B DC/ AC 10Hz-500kHz 50 

MARCONI 
TF2603 AC voltmeter to 1.5 GHz 376 

NORMA 
U- Function Dual channel 
peak/ RMS meter 495 

PHILIPS 
PM2454B AC voltmeter to 12 MHz 300 

PYE 
11320 Scalamp galvo 10 mV -300 V 10 

V o ltmeters- D igit al 
ADVANCE 
DMM3 1999 FSD AC / DC/0/ current 85 

DANA 
5230119999 FSD AC / DC 175 

BOONTON 
93A20 Hz-20 MHztrue RMS 285 

FLUKE 
B300A 119999 FSD DC only 150 
B300A OP1119999 AC/DC 185 

HEWLETT PACKARD 
3474/ 2 9999 FSD AC / DC/0 211; 

SOLARTRON 
A200 19999 FSD DC only 200 
A20519999 FSD AC/DC/0 300 
A215199999 FSD AC/DC/0 475 
LM 1667 101999 FSD DC only 175 

W ave Ana lysers 
HEWLETT PACKARD 
302A 20Hz-50 kHz 75 db range 650 

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

JUST AVAILABLE 
Acousti c 
Bruel & Kjaer 
1. 614 Third octave 
triter 

Osci lloscopes 
Dynamco 

~2000/02/12 DC-15MH 
NLYASNEW z 

f295 
Hewlett Packard 

3
17078/ 20 DC - 75MH 

ONLY z 
£780 

Telequipment 

f~~~¢/S2A DC - 50MHz 
£450 

TSV70 DC stab. variable 70 V /5 A 140 
TEXSCAN 
VS40 1-300 MHz sweeper 450 

HEWLETT PACKARD 
62658 DC stab. variable 40 V /3 A 
62678 DC stab . variable 40 V /10 A 
62698 DC stab. variable40 V /50 A 
SYSTRON DONNER 
LNG 16-1016 V /10A variable 
Pressure & Displacement · 
Transducers 
ELECTRO MECHANISMS 
LVDT DC linear variable± 0.50 inches 
SCHAEVITZ 
P700 Pressure senso_t 250 psi 

195 
VS60A 1 : 1000 M Hz sweeper 650 

· ~~~ ..•.....•......•.......••.•.•••..•.••.• 
I Contact David Kennedy or Kathy Goodman I 

:: I 01-267 4257 i 
e Carsten Electronics Limited, e 

3o e Shirley House,27 Camden Road, • 
: London NW1 9NR. Telex: 23920 : 

••••••••••••••••••••••••••••••••••••••• WW - Os9 FOR FURTHER D ETAILS 
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ln)1fiP&IIn 
ELECTRONIC SUPPLIES LTD 
All mailto:-
P.O. Box 3, Rayleigh, Essex SS68LR. 
Telephone: Southend (0702) 554155. 

Shop: 284 London Road, 
Westcliff-on-Sea, Essex. 
(Closed on Monday). 
Telephone: Southend (0702) 554155: 

A massive new catalogue 
from Maplin that's even 
bigger and better than 
before.lf you ever buy 
electronic componen ts 
this is the one 
catalogue you must 
not be without 
Over 280 pages-
some tn fu ll colour 
-i t's a comprehensi ve 
gUJ de to electronic 
components w1th 
hundreds of 
photographs and 
ill ustration s and page 
after page 
of invaluable data 

WW- 063 FOR F URTHER DETAILS 

Post this coupon now for your copy of our 
1979-80 catalogue price 75p. 
Please send me a copy of your 280 page catalogue 
as soon as it is publ ished (8th Jan. 1979). 1 enclose 
75p but understand that if I am not comple tely 
satisfied I may return the catalogue to you within 
14 days and have my 75p refunded immediately. 
If you ltve outside U.K. send £1 or ten International 
Reply Coupons . . 

7 
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· Eddystone Radio Limited 
Member of Marconi Communication Systems Limited 

Alvechurch Road, Birmingham B31 3PP, England 
Telephone: 021 -475 2231 Telex: 337081 
A GEC-Marconi Electronics Company 
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• Covers most general
purpose applications in 
professional and military 
communication including 
marine use (speech, 
telegraphy or f.s.k. 
teleprinter signals) 

• Manual tuning plus 
accurate digital frequency 
lock 

• High reliability and 
environmental performance 

• Complies fully with M PT 
specifications 1201, 1216, 
1217, 1204 

Please ask for details 

Gould Advance proudly present our new Alpha IV . 
The fourth g· · f . · 

is so reasonabtne~atton o an outstandmg multi meter, its price of £105 

these inflationa~~i~~s~ompared to those of its competitors - in 

Wh_ile the impr~ved spec and high reliability are a result of the 
expenence we gamed from the first three models , 

resTs~:~~ha ~it~easur~s a.c. and d.c. voltage a~d current plus 

Count' large, clear ~-~~~~~fs~:a~~ accurate measurement ranges. A '2000 

~~d true ease of use with its_ long life battery power facility. 

M~~ ~:~~~yde~~~~~~~~~:S~,~~;i~ot with all our instruments). 

? 
Gould Advance limited, • G 0 u LD Roebuck Road, Hainault, Essex JG6 3UE 
Telex: 263785. · 

TELEPHONE: 01-5001000 

WW- 081 FOR FURTHER DETAILS 
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The Hewlett-Packard 
Solid State 

Alphanumeric Display system. 

9 

IS ~~e!~!~s~~m!~htell you something? 
{t~t~pt~v'~·e1 a better pro?uct ~t a significantly lo~er price. 

d t e ~~ cost of engmeenng time there's no longer any 
a van age m producing your own systems when you can et 
tF~em _off-the-shelf from Crellon - and know that the '11 gk 

1rst time and every time. Y wor . 

5 7
TSe HDS~-2~00 series gives a completely supported 

f x _ot matnx_ display panel that frees the user's system 

r~~~ir~'~f/~; t~:~~ytpe~~fcd. an1d
 minimises the interaction normally 

Th . Isp ay . 
. h ere are two ~arts-an alphanumeric display controller 

d-'t 
1 
progralmed microprocessor plus associated logic and a 

Isp ay . pane , matched for luminous intensity . 
£l

3
Jnces speak for themselves-display boards cost from 

d ·~~to £254.20 and control panels from £51.44 to £67 52 
epen mg on the number of characters The · ff · 

and there are considerable benefits for ~uqnti~~ ~~~e~~-e-o costs 

* * * * * * 
* 

Mai~ features are as follows: 

~~~:~: ~~ ~:· ~~8j2ASCJb or
1 

user de~ned character set. 
s· I 

5
O •

1 
• or e ement d1splay panel. 

mg e · vo t power supply 
Easil_y interfaced to a keybo~rd or microprocessor 
M~l~Iple data entry formats-left, right or block e~t 
~dttmg feature~ that include cursor' backspace ry-
.orwardspace, msert, delete and clear ' 
TIL compatible. · 

. . .. 
··=c···: .. ... . .. ..• . .··· .... . : ~ . 

HEWLETT I PACKARD 

F Corlflull dEalta telephone or complete Reader Service Card 
re on ectromcs Ltd · 

380 Bath Road,Slough: Berks. SLl 6JE 
Tel: Burnham (06286) 4434. Telex 847S71. 

WW- 014 FOR FURTHER DETAILS 



The UltiDllte Multi·iiiti 
It's easy to see why Philips PM 2517 digital 
multimeter is called The Ultimate Multi-mate. 

True RMS rather than "average" 
means you can measure 
non-sinewave AC signals more 

accurately. No other DMM comes near its 
combination of laboratory 
performance and handy form -
for such a handy price. Take a 
look at just a few of the many 
features it packs in. 

Full 4-digit display giving 
higher resolution for 80% 
of measurements than 
31/ 2 digits. 

LED or LCD readout at 
no extra cost. 

Autoranging with 
manual override. 

~ Test&Measuring 
~ Instruments 

Overload protection that's 
truly comprehensive. 

The Ultimate Multi-mate is 
available from Wessex ·Electronics 
Ltd., 114 - -11 6 North Street, 

Downend, Bristol BS 16 5SE. 
Tel: (0272) 571404; Rank Radio 

International, Watton Road, Ware, Herts. 
(Tel: Ware 3966); and Philips Service 
Centres ('phone 01-686-0505 for the 
address of your nearest branch). It can 
also be purchased from the U.K. 
marketing organisation -

I ~ ~!! E~c~!:~n~u~~~ Dept "" (';4 York Street Cambridge, England CB1 2PX ~ ~ '-' Tel : Cambridge {0223)58866 Telex 817331 

PHILIPS 
. 0 OSCILLOSCOPES 10 - 150 MHz 0 DIGITAL & ANALOGUE 'MULTIMETERS 0 CONVERSATIONAL DATA LOGGERS 0 RECORDERS CHART & X- Y 0 LF & RF OSCILLATORS 0 MICROWAVE EQUIPMENT 

0 DC POWER SUPPLIES & AC STABILIZERS 0 FREQUENCY COUNTERS & TIMERS 0 TV S1UDIO & TRANSMISSION INSTRUMENTATION 0 PULSE GENERATORS 0 AUDIO & VIDEO SERVICE EQUIPMENT 

Recording transients using 
conventional recorders is 
unsa'tisfactory because the natural 
resonant frequency of pens and 
galvanometers may well distort the 
signal even if great care is taken with 
matching and damping. 

An oscilloscope eliminates these 
problems but would normally only 
be capable of capturing one event, 
whether a storage CRT or digital 
storage techniques are used. A 
permanent record may be made 
using an external camera; a tedious 
procedure that involves a skilled 
operator. 
A Fibre Optic Recorder allows the 
unattended recording of a random 
series of transients fully automatically 
with paper advance between each 
event. Alternatively if the paper is 

WW- 085 FOR FURTHER DETAILS 

r 
g 

driven continuously to provide a 
strip chart recording/ rapid events 
will be recorded faithfully due to 
the high efficiency of the FOR 
system. The Raster mode provides 
effectively continuous recording for 
long periods with good time 
resolution and excellent paper 
economy. 

Medelec Fibre Optic Recorders are 
also used for research and 
development in Video Imaging/ 
Digital Data/ Noise and Vibration 
and many other fields. 

me de lee 
MEDELEC LIMITED 
Manor Way, Waking/ Surrey ~~ 
Telephone: Waking (04862) 70331 ·-~-~~~~ 
Telex: 859141. Medlec G 

WW-059 FOR FURTHER DETAILS 

Transients 
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OK, which of you 
Power SChottkys is 

ready. to talk reliability 
and performance? 

(now be honest) 

Reliability 
TRW supplied its first customer with Power 
Schottky devices in 1972 and he's still buying. His 
return rate is still nil. He knows that he doesn't have 
to worry about them failing in low voltage, high 
current switching power supply applications. H€ 
knows that when he gets a shipment he can use 
them without any worries. Hundreds of other cus
tomers have had the same experience. 

Performance 
The SD-51 in the D0-5 package has the best over
all performance around for switching power 
supplies with 5.0V @ 60 amps. (VF = 0.6V @ 60A, 
P.I.V.- 45V and Ti = 150°C.) For 5.0V @ 30 amps 
the SD-41 in the D0-4 package can cut system 
size and cost. And both will reduce your need for 
heat exchangers and cooling devices. 

MCP Electronics Ltd. 
Alperton, Wembley, Middx. 
Tel: 01-902 5941 

And that's straight talk. If you'd like help with your 
low voltage, high current switching power supply 
designs just call MCP Electronics on 01-902 5941. 

.------------.~ I ,, v.. • 79 I 

I MCP Electronics Ltd. I 
Alperton, Wembley, Middx. 

I Tel: 01-902 5941 1 

I Please send me further information on TRW's Power 1 
Schottky Diodes. 

I I 
I Name I 
I Company I 
1 Address I 

I Tel. I L ___________ . _ _j 

TRW POWER SEMICONDUCTORS 
WW- 065 FOR FURTHER DETAILS 



there are 
Transformers 

and ... 
We have been established ·for over twenty years and are proud of the 

reputation earned for the design and manufacture of high quality 

transformers, and other wound components . 

Our design team is available to give their personal attention to 

customers' technical requirements . 

Development and pre-production samples can be supplied by our 

prompt prototype service. 

WIRELESS WORLD . APRIL 1979 

Drake 
Transformers 

DRAKE TRANSFORMERS LIMITED 
South Green Works 
Kennel Lane, Billericay, Essex CM 11 2SP 
Telephone Billericay (02 77 4) 511 55 
Telex 99426 (prefix message DRAKE) 

. WW-019 FOR FURTHER DETAILS 

A. D. BAYLISS & SON LTD. 
Behind this name 
there's a lot of 
real POWER! 
Illustrated right is a TITAN DRILL 
Mounted in a multi-purpose stand . This dr ill is a powerful tool running on 1 2v DC at approx 

9000 rpm w ith a torque of 350 9rm . em Chuck capac ity 3 .00 m / m . 

The multi-purpose-stand is robustly constructed of stee l and aluminium . The base and bracket are 
finished in hammer blue 
Also available for use in the stand is the RELIANT DRILL wh ich is a smaller version of the Titan 

Approx. speed 9000 rpm, 12v DC, torque 35 grm Capacity 2.4 m/m . 

TITAN DRILL & STAND 
'i'iTAN-DRILL ONLY 

RELIANT DRILL & STAND 
RE-LI ANT DR ILL ONLY 

TITAN MINI DRILL KIT 
·On II Plus 20 Tools 

RELIANT MINI DRILL KIT 
Drill Plus 20 Tools 

TRANSFORMER UNIT 

£21.45 
+ 8% VAT= £23.17 + £1 P&P 

£9.79 + 8% VAT= £10.57 + 35p P&P 

£18.44 
+ 8% VAT= £1 g_g2 + £1 P&P 

£6.34 + 8% VAT= £6.85 + 35p P&P 

£16.25 
+ 8% VAT= £17 .55 + 50p P&P 

£13.20 
+ 8% VAT= £14 .26 +SOp P&P 

£9.40 
+ 8%VAT = £10.15 + 75pP&P 

These are examp les of the extensive range of power tools designed to meet the needs of 

development engineers, la bo ratory workers , model makers and others requinng smal l prectsion 

production aids • 
To back up the power tools, Ex po cffer a comprehensive selection of Drills . Grinding Points and 

other tools 
SEND STAMP for full detai ls to ma in d1stributors 

A. D. BAYLISS-& SON LTD., Pfera Works, Redmarley, Glos. G-L 19 3JU 
Stockists RicharCis-i:Tect.riC:.G iOuces!er;H"ZiilPersciTLedblirv:Fiobbs OTG'dfiury;· b&o r-.ilodels:--Her·e·ta-rd-; Berte-lia. -G loucester ;·j -Pow-;, -s;-_;;~es .. & ·c~-Ltd . worcester 
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A Digital Multimeter on 14 days approval 
If you've ever wanted to challenge the claim of a leading instrument 
manufacturer then here is your chance. 

Fluke are so confident that you will appreciate the fine qualities of 
their multi meters that we would invite you to put them through 
their paces. 

Simply select either the handheld or bench models at the special 
low price, complete and clip the coupon. We then pay the VAT, 

postage & packing and despatch the instrument on 14 days 
approval. 

If during the 14 day period you're not completely satisfied with 
its performance, return it to us and your money will be refunded. 

Are you going to put us to the test? 

Both models include: • 3% digit LCD readout •True RM 
measurements • 0.1% Accuracy + 1 digit • Current ranges 
from 200~A to 2A (8012A) or 10A (8010A) • Diode test facility . 
• 100~V resolution • 3 conductance ranges for leakage test 

• Fully overload and transient protected. 

r------ . -----, 
1 

To: Fluke International Corporation. Colonial Way, Watford, Herts WD2 4TT. c 

1 
I 

Please send me: ! l 8020A DMM(s) at £112.00 lJ 8012A DMM(s) at £199.00 

1 : i 801 OA DMM(s) at £159.00 f'l Short Form Catalogue-FREE 

I All prices are fully inclusive. I 
I I enclose my cheque/postal order for£ or please debit my Access/Barclaycard I 
I No I Signature I 

• Large easy to read 3'h digit LCD display. 
• 26 measurement ranges for AC/DC volts, amps, 

ohms and conductance. 
• 0.25%VDC accuracy over 1 year. 
• High power and low power ohms capability. 
• Measures to 10,000 MQ using two conductance ranges. 
• Fully protected to 250Von all ranges. 
• Protected against transients up to 6KV for 10 JJSecs. 

I Name (BLOCK LEITERS PLEA~) I 

IFLUKEI 
1. Address I 

Fluke International Corporation I I 
Colonial Way, Watford, Herts. WD2 4TI I THis oFFER Musr cLosE 3oth sEPTEMBER 1979. ALLow 2 wEEKs FoR DELIVERY. I 
li I h (0923) 40511 li 1 934583 Offer applies to U.K. Mainland and Channel Is les. For Northern Ireland & Eire contact 

e ep One: I I e eX: EURO ELECTRONIC INSTRUMENTS. 32 Brews Hill, Navan, County Meith , EIRE •offic ial company 
I orders, duly authorised, will be accepled with corresponding credit arrangements if required. .J ..._ ______________ _ 

WW- 066 FOR FURTHER PROOFS 
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Model 8100 Frequency counter 
Kit£ 69.95 
assembled tested: £ 84.95 
(plus p.p. £ 3.50 and VAT at 8%) 

WIRELESS WORLD . APRIL 1979 

sabtronics p; 
Model 2000 3112 Digit DMM 
Kit £49.95 
assembled:·£ 69.95 
(plus p.p. £ 3.00 and VAT at 8%) 

·: g 9 g 
MoonlOIIII sabtronlcstta 

The Winners 
These two products are our 
best sellers! 
The two products shown above from Sabtronics 

are our best selling products. Both these products 

compare with similar equipment selling for atleast 

£ 150.00. Is there more to these products than 

value? Let's take a closer look. 

The Frequency Counter Model 8100 

It employs LSI Technology, has the performance 

and characteristics you demand, guaranteed 

frequency range of 20Hz to 100 MHz; selectable 

hi/lo impedance; superior sensitivity; selectable 

resolution and selectable attenuation. Plus an 

accurate time base with excellent stability. An 8 digit 

LED Display features.floating decimal point, leading 

zero suppression and overflow indicator. 

Brief specifications: . 
Frequency Range: 20Hz to 100 MHz guaranteed, 

(10Hz to 130 MHztypicai)-Sensitivity: 10mV RMS, 

20Hz to 50 MHz (5 mV typical); 15 mV RMS, 50 MHz 

to 100 MHz (10 mV typical)- Selectable impedance: 

1 MH/25 pF or 50!1-Attenuation: X1, X10 or X100-

Accuracy: ±1Hz plus time base accuracy-Aging 

Rate: ± 5 ppm/yr:- Temperature Stability: ±10 ppm, 

ooto 50° C- Resolution: 0.1 Hz, 1Hz, 10Hz selectable 

-Display: 8-digit LED, floating DP, overflow 

indicator- Overload Protection- Power 
Requirement: 9-15 VDC. 
Optional prescaler will be available from around 

March 1979. 

The DMM Model 2000 
The model 2000 is all solid-state, incorporating a 

single LSI circuit and high quality components. 

It has five functions and a total of 28 ranges. Input 

overload protection, a~to polarity and auto zero 

are provided on all ranges and a basic DCV. 

accuracy of 0.1% ± 1 digit. 

WW-039 FOR FURTHER DETAILS 

Brief specifications: 
DC volts in 5 ranges : 100 f.LV to 1 kV- AC volts in 

5 ranges: 100 f.LV to 1 kV- DC current in 6 ranges: 

100 nAto 2A-AC current in 6 ranges: 100 nAto 2A

Resistance: 0. Hl to 20 MH in 6 ranges-
AC frequency response: 40Hz to 50 kHZ- Display: 

0.36" (9, 1 mm) 7-segment LED -Input impedance: 

10 MH- Size: 8"Wx6.5" Dx3"H(203x165x76mm) 

-Power r~quirement: 4 "C" cells (not included). 

Order yours now! Write to: 
Timwood Ltd. 
Prospect Road, Cowes, 
Isle of Wight, England Telex 86892. 
Send payment with your order . . 

METER PROBLEMS? 

1 3 7 Standard Ranges in a variety of 
sizes and stylings available for 10-14 
days del1very. Other Ranges and 
special scales can be rnade to order . 

Fu II Information from: 

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

WW:-025 FOR FURTHER DETAILS 

Our new catal ague I ists circuit board accessories 

for all your projects- DIP sockets, pins, stand

offs, cable clips, hand tools. And we've got 

circuit boards, module systems, cases and boxes 

- everything you need to give your equipment 

the quality you demand. Send 25p to cover 

postage and packing, and the catalogue's yours. 

VERO ELECTRONICS LTD. RETAIL DEPT. 
Industrial Estate, Chandlers Ford, Hants. S05 3ZR 

Telephone Chandlers Ford (04215) 2956 

WW- 009 FOR FURTHER DETAILS 
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It's easy to see why Philips PM 2517 digital 
multi meter is called The Ultimate Multi-mate. 
No other DMM comes anywhere near its 

Full4-digit display giving higher resolution than 3V2 digits 
for 80% of measurement's. Parameter readout, too. 

combination of laboratory performance and handy 
form- for such a handy price. Take a look at some 
of the features it packs in. 

Small and sturdy construction makes this DMM ideal 
for bench or .field work. 

Choice of LED o_r LCD display -choose the one that suits you, 
the price is the same. Mains unit supplied free with LEO version. 

Ergonomic design allows it to 
work in any position 

15 · 

Autoranging with manual 
override. Average auto 
response time less than 
two seconds. 

without f-uss or fumble .. 

True RMS rather tt.aA 
.. av$rage" detection~ Th~ 
IJ1ttmate Multi7.mate 
measures non-
sinewav, AC &ifJft'afs 
more accur•lv. 
High aecurapy -
neGessaty to mak-e 
full use of those 
four digits. An 
l.mPf:.-i.1ve 0.2% 
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Type 224- the ruggedized monitor for those really 
demanding sittJations- extremes of weather, temperature, 
vibration and frequent change of site. 

. Standard KGM monitors range from 12" - 24". Our long 
experience of CCTV enables us to meet almost any special 
requirement. 
VDU's- visual display units have also been supplied in large 
numbers to suit customers' requirements. Tell us your needs and 
we will gladly quote. 

Send for your data sheets on the full range of CCTV 
monitors and cameras designed and manufactured by KGM. 
KGM also supply an extensive range of ancillaries and 
distribution units, 

i e ec 1 RDI\IICS Clock Tower Road, lsleworth, 

l r ~ -l • • = · Middlesex TW7 6DU 
. tl'=J t:f UMrrED Tel: 01-568 0151. Telex: 934120 

WW-031 FOR FURTHER DETAILS 

POWER UNITS FOR POWER 
SEMICONDUCTORS 

Now available with 
3 OUTPUTS 

Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2: 0-70v, 1 OA AC 

OUTPUT 3: 0-250v, 4A AC 

ALL 
Continuously 

Variable 

WW-035 FOR FURTHER DETAILS 

I:ICiRI 
INTE RNATION~L 

RECTIFIER 

Diodes Thyristors 
Fuses for protecting Semiconductors 
Power Transistors Potted Bridges 

Solid State Relays 
Silicon Stacks Surge Suppressors 

IN A HURRY! 
070-681 4931 

HARMSWORTH,TOWNLEY & CO. LTD. 
HAREHILL TODMORDEN LANCS Ol14 SJY 

Phone: 070 681 2801 and 070 881 5248 
Telex 63.5 091 Albion G Attn: HARMSWORTH 

WIRELESS WORLD . APRIL 1979 
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Understanding Digital Electronics 
Nevv tea~h-yourself courses 

Des1gn of Digital Systems, is written for the engineer seeking to learn 
more about digital electronics. Its six volumes- each A4 size- are 
packed with information, diagrams and questions designed to lead you 
step-by-step through number systems and Boolean algebra to 
memories. counters and simple arithmetic circuits, and finally to a 
complete understanding of the design and operation of calculators and 
computers. 

The contents of Design of Digital Systems include: 
Book 1 Octal, hexadecimal and binary number systems; convers ion 

· between number systems; representation of negative numbers; 
complementary systems; binary multiplication and division. 
Book 2 OR and AND functions; logic gates. NOT. exlusive OR . 
NAND. NOR and exclusive-NOR functions; multiple input gates; truth 
tables; De Morgans Laws; canonical forms ; logic conventions; 
Karnaugh mapping ; three-state and wi·eci iogic. 
Book 3 Half adders and tuli adders; subtractors ; serial and parallel 
adders; processors and arithmetic logic units (ALUs); multiplication 
and d1vision systems . · 
Book 4 Flip flops; shift registers ; asynchronous and synchronous 
counters; ring, Johnson and exclusive-OR feedback counters; random 
access memories (RAMs) and read only memories (ROMs) . 
Book 5 Structure of calculators ; keyboard encoding ; decoding display 
data; register systems; control unit ; program ROM ; address decoding; 
instruction sets; instruction decoding; control program structure . 
Book 6 Central processing unit (CPU). memory organisation. 
character representation; program storage; address modes ; input ; 
output systems; program interrupts; interrupt priorities; programming; 
assemblers; computers; executive programs; operating systems and 
t1me shanng . 

Digital Computer· Logic and Electronics IS designed for the 
beginner . No mathematical knowledge other than simple ar ithmetic is 
assumed. though the student should have an aptitude for logical 
thought . It consists of four volumes -each A4 size -and serves as an 
introduct ion to the subject of digital electronics. Everyone can learn 
from it- designer . executive. sc ientis1 . student , engineer . 

Contents include Binary. octal and dec1mal number systems 
conversion between number systems ; AND. OR. NOR and NAND 
gates and inverters ; Boolean algebra and truth tables ; De Morgans 
LEJws ; des1gn of logic circuits using NOR gates ; R-S and J -K flqJ flops . 
b1nary counters. shift reg:sters ~nd half adders 
CAMBRIDGE LEARNING ENTERPRISES, UNIT 37, RIVER
MILL SITE, FREEPOST, ST. IVES, HUNTINGDON, CAMBS. 
PE17 4BR, ENGLAND TELEPHONE: ST.IVES (0480) 67446 

PROPRIETORS: OA tHIOGE L TO. REG. OFFICE: RIVERMILL LOOGE. ST. IVES 
REGO . IN ENGLAND No. 1328762 

In the years ahead the products of digital electronics technology will play 
an important part in your life. Calculators and digital watche_s are already 
commonplace . Tomorrow a digital display could show your vehicle 
speed and petrol consumption; you could be calling people by entering 
their name into a telephone which would automatically look up their 
number and dial it for you. 

These courses were written by experts ;'n electronics and learning 
systems so that you could teach yourself the theory and application of 
digital logic. Learning by self-instruction has the advantages of being 
faster and more thorough than classroom learning. You work at your 
own pace and must respond by answering questions on eac·h new piece 
of information before proceeding. · 

After completing these courses you will have broadened your career 
prospects and increased your fundamental understanding of the rapidly 
changing technological world around you. 

The six volumes of Design of 
Digital Systems cost only: 

And the four volumes of 
Digital Computer Logic and 
Electronics cost only: 

But if you buy both courses, 
the tQtal cost is only: 

£8.10 
£4.60 
£12.00 

} 
+ 90p pos1 

. & packing 

+ £1 post 
& packing 

Price includes surface mail anywhere in the world -Airmail extra . 

Flow Charts & Algorithms 
HELP YOU PRESENT -
safety procedures, government legislation, office 
procedures, teaching materials and computer 
programs by means of YES and NO answers to 
questions. 

THE ALGORiTHM WRITER'S GUIDE explains how 
to define tht questions, put them in the best order 
and draw the flow chart, with numerous examples 
shown. All that students require is an aptitude br 
logical thought. Size A5, 130 pages. This book is a 
MUST for those with things to say. 

£2-.95 

GUARANTEE 

+ 45p post & packing by surface 
mail anywhere in the world. Airmail 
extra. 

If I:()U are not entirely ,satisfied your m~ney will be refunded 
Please allow ii days for delivery 

r~Eridgelear~ing. En-:rp~is=.- Un.it'7l~i=~~ Sit;--
Freepost, St . lves, Huntingdon, Cambs. PE17 4BR 
England 

Please send me the following books 
.sets Digital Computer Logic & Electronics@ £5.50, p&p 

included 
. . . . sets Design of Digital Systems@ £9.00, p&p included 

.Combined sets@ £13.00, p&p included 

.The Algorithm Writer's Guide@ £3.4D .. p&p included 
Name 

Address 

enclose a ·cheque ; PO payable to Cambridge Learning Enter
prises for L 
Please charge my 'Access ; Barclaycard , Visa· Eurocard · 
Mastercharge t lnterbank accou~t number 
S1gnature - ·deleted as appropnate 
-r elephone orders from cred1t card holders accepted on 0480 -
ti7446 (ansafone) . Overseas customers should send a bank draft in 
sterl1ng dr~'l wn on a London Bank . WW37 
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WATFORD ELECTRONICS 
33 CARDIFF ROAD. WATFORD, HERTS, ENGLA~O 

Tel. Watford 40588 / 9 . 

:DM 900 
' . . . 

THERE ARE 900 REASONS FOR BUYING 
THiS MUL TIMETER (with direct reading 

capacitance range) 

hs 900 cubic centimetres are packed with up to the 
minute technology offering a low cost yet accurate 
method of measuring voltage, current. resistance and 
capacitance too , on a total of 30 RANGES. The 
WATFORD ELECTRONICS DM900 uses latest MOS 
Integrated Circuits which drive a 3 V2 digit Liquid Crystal 
Display for extremely low power consumption. 

Specifications: } 
e DC VOLTS 5 ranges 200mV to 1 KV - Zin 
e AC VOLTS 5 ranges 200mV to 1 KV > 1 OMO 
e DC CURRENT 5 ranges 200~A to 2A ' 
e AC CURRENT 5 ranges 200~A 

to 2A 
e RESISTANCE 6 ranges 2000 

to 20MO 
e DIODE Voltage Drop 1 OOnA 

to 10mA 
e CAPACITANCE 4 ranges 2nF 

to 2 ~ F e Isolated Floating Ground 

e Accuracy on all ranges bette r e Dual Slope AID Conversion 
than 1% e Critical Input Protection 

e 05'' 3V2 digit LCD Display e Overrange Indication 
e Single 9V (PP3) Power e Polarity Ind ication 

Supply e True Auto Zero 
e Sampling Rate e 30 Ranges 

> 2 per second e OveraiJ size : 160 x 95 x 
e Display Test Facility 60mm 
e Battery Test Facil ity e ·Colour: Grey (standard) · 
e Movable Decimal Point! Black Orange (optional) 

The Drvi900 incorporates dual slope A I D conversion; 
true auto zero; polarity and overrange indication; battery 
and display test facilities. Its input impedance of over 
1 OMQ allows voltage me~surements in high impedance 
circuits without distorting ci rcuit operation . 

The DM900 is smail and robust. It measures only 160 x 
95 x 60mm and is housed in an ABS case which will fit 
in you r coat pocket or briefcase . 

·The DM900 has been specially designed for Watford 
Electronics and is available in kit form or ready built. 

S pe c ia l Offer: £78.50 plus VAT ·(p&p insured add 80p) 

Also available in Kit form for the Enthusiast at £54.50 
plus VAT_ plus 80p (probes and carrying case £3.00 
extra) . 

FOR FURTHER DETAILS 
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ELECTRONIC 
INDUSTRIAL THERMOMETER 

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

. measure temperature of Air, Metals, Liquids,· Machinery, etc· .. etc. 
Just plug-in the Probe. and read the temperature on the _la_r@ OQ.!~F 

scale meter . Supplied with carrying case , Probe and inte rnal llf2 ~ 
volt standard size battery. · , 

· Modei ';Mini~Z 1·,; measures from-40° C to + 70o C. Price £30.001 
·Model " Mini-Z 2" measures from-5° C to + 1 05° C Price £30.00 
Modei"Mini-Z Hi" measures from + JOOO C to 50()" C £33.0Q' 

(VAT 8% EXTRA) 
Write fo r further deta-ils- to · · . 

HARRIS _ELECTRONICS (LO~DQ.~). 
f3B .GRAV'S IN·N-- ROAD, LONDON, WC1X 8A~ 

(PhoneO l -837 7937) 

WW-025 FOR FURTHER DETAILS 

VORTEXION 
a happy 
event ... 

. . . a new addition to our family of amplifiers. T he VTN 30. 
The new baby weighs in at 30 watts, and has a maximum of 3 
inputs. 
The other members of the Vortexion family are the system 
2000, 50/70 watt and CP50 mains/battery amplifiers . 

Contact J ennifer Hall- VORTEXION DIVISION. 

Clarke & Smith Manufacturing Co. Ltd., Melbourne Works, 
Melbourne Road, Wallington, Surrey. Tel. 01-669 4411 Ext. 
38. 
Telex Casint G 22574; Telegrams: Electronic Wallington. 

WW-034 FOR FURTHER DETAILS 

WIRELESS WOR ( o . APRIL 1979 

~ 
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loot A 

"Co111parisons are odorous" 
We are often asked by audio enthusiasts how our 

amplifier compares with so and so's product, and they 
are surprised when we reply "we don't know, we have 
never tried:' 

It is not that we are unwilling to learn from other 
people's mistakes, it is simply that at Quad we recognise 
only one standard for comparison, namely the original. 

What we wish to know is how the output of the 
equipment under investigation compares with the 
original signal fed into it. 

Over the years we have developed experimental 
techniques which enable us to investigate the audible 
contribution of a piece of equipment to a music signal, 
and as a result we can say with complete confidence 
that a Quad 405* contributes absolutely no audible 
degradation to the signal fed through it, and that's as 
close to the original as you need to get. 

For further details on the full range of QUAD 
products write to: · 

The Acoustical Manufacturing Co. Ltd., 
Huntingdon, Carobs. PElS 7DB. 
Telephone: (0480) 52561. 

*or 303 or 33. When operated within specifted input and output 
levels and at specifted loads. 

~,.~ QUAD .. 
for the closest approach to the original sound 
QUAD is a registered Trade Mark 

WW- 070 FOR FURTHER DETAILS 
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035 CORDLESS 
SOLDIRIIOIROI 

Convenient - solders anywhere 

Quick heating- under 7 sec5: 
Leakage free - no earthing 
Twin spotlights 

Complete safety 
Up to 350 joints/charge 
Interchangeable tips 
Recharges in 8 hours. 

The Ll TESO LD C35 cordless rechargeable iron is indispens
able where an electrical supply is not available or a connecting 
lead is inconvenient. 

The iron recharges completely in 8 hours from its mains 
power unit, and cann~t be overcharged. The built-in nickel cad
mium batteries give operating temperature within 7 seconds of 
pressing the operating button, which is fitted with a safety lock. 
Twin spot lights give clear, shadowless illumination of the work 
and an additional light in the body shows when the iron is 
operating and also when it is on charge. 

Prices Including Postage, Packing and V.A.T. 
C35 Curdless Iron complete with mains power unit, standard 

tip C35D for work up to 2.5 sq.mm. detachable light fittings, 
cleaning sponge and miniature screw driver for tip changing £21.61. 

As above but including spare tip C35F for fine joints up to 
1.5 sq.mm. and broad tip C35G for work up to 6 sq .mm. £24.43. 

Spare tip C35D (Standard) £1 .97 
Spare tip C35F (Fine) £2.20 
Spare tip C35G (Broad) £2.32 

Light Soldering Developments Ltd. 
97-99 Gloucester f3oad, Croydon, Surrey CRO 2DN . England. 
Telephone 01-689·0574 Telex 8811945 

WW- 103 FOR FURTHER DETAILS 

~lease send me _ToneOhm 400As. 

· I enclose£ __________ _ 
(£107 .29 each, incl. £7.84 VAT and £1.45 P & P. ) 

Name ___________ _ 

Address. ___________ _ 

To: Omnitest Ltd., 119 Old Christchurch 
'Road, Bournemouth, Dorset BHllEP. 

.. ,. -----
I ........ 

I 
WW- 038 FOR FURTHER DETAILS 

No other cleaner has all these advantages:-
1. Only 100% pure. natural diamond grains are utilised. 

2. Blades are treated with hard chrome to reinforce the setting of the diamond grains. to 
obviate loosening or breakaway during use . This process also prevents clogging of the 
diamonded surface by residues resulting from use. 

3. All diamonded blades are rectified to ensure an absolutely smooth surface by eliminating 
diamond grains which may rise above the surface . This eliminates all excessive 
scratching during use. 

4. All diamond grains are rigidly calibrated to ensure a perfectly uniform grain size of either 
200,300 or 400. 

5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is 
calculated to permit proper utilisation and yet pliant enough to avoid undue pressures on 
highly delicate relays. 

e Grain size 200, thickness 55/ 100 mm .. both faces diamonded. For quick cleaning of ·industrial 
relays and switching equipment , etc. 

• Grain size 300. thickness 55/100mm .. both faces diamonded . For smaller equipm~nts. like 
telephone relays, computer relays, etc. 

• Grain size 400, thickness 25/100 mm .. one face diamonded. For sensitive relays and tiny 
contacts. Two close contacts facing each other can be individually cleaned, because only one 
face of the spatula is abrasive . 

Sole Distributors for the United Kingdom 
SPECIAL PRODUCTS (DISTRIBUTORS) LTD 

81 Piccadilly, London W1V OHL. Phone: 01-629 9556 
As supplied to the M.O.D., U.K.A.E.A., C.E.G.B. British Rail and other Public Authoritiea; 

also major industrial and electronic users throughout the United Kingdom. 

wW-075 FOR FURTHER DETAILS 
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New from 
GREENWOOD 

~\liSE& 
• • • 

a preCISIOn VICe. 
that rotates a full 
360 degrees-tilts 
180 degrees from 

vertical to horizontal, 
and offers a · choice 
of 3 bases, 3 heads, 
a bench clamP- and 

a PCB hoiOer. 
We think it's like no other vice you've ever used. Its head rotates 

a full 360degrees- and tilts 180 degrees from vertical to 
horizontal. 

One conventional knob locks work in any desired position, 
firmly yet gently. You can choose a standard, low profile or 

vacuum base -a standard, low profile or wide opening head -a 
bench clamp mounting base - a printed circuit board holder 

and of course replacement jaws and pads if ever you need them. 

Panavise is more than just a vice - it's a system. 

Greenwood Electronics 
(~ll!L'IlW'.lll<i Elc< !1u:11 t c.. Po1!1lldl i Rllclll f<L\lllill~ . f~l~.-: ll~l 

Tell'jJllllill' 07-.::-1 Clq~,0-i-i Jt'll'\ 0j:--,.,:y, , 

Obtainable atso from our distributors : 

Electroplan Ltd 
P.O. Box 19, Orchard Road, 
Royston, Herts SG8 5HH. 
West Hyde Developments Ltd 
Unit 9, Park Street Industrial Estate, 
Aylesbury, Bucks HP20 1ET. 

Toolrange Ltd 
Upton Road, Re<J.9ing RG3 4JA. _ 
Special Products Distributors Ltd 
81, Piccadilly, London, W1 . 
ITT Electronic Services 
Edinburgh Way, Harlow, 
Essex CM20 2DF. 

WW-073 FOR FURTHER DETAILS 

NEC 
NIPPON ELECTRIC 

RADIO 
AMATEUR 
COMMUNICATION 
I;:C3UIPMENT 

CQ-P-2200E 
137·150 Mllz 2 meter FM 12 channel portable/mobile 1/3 watt transceiver 

Features: battery cartridge system, all 12 channels X-tal fitted, 
1750 Hz tone-call system, AXC or RIT switchable, highly efficient 
squelch. high (3 watts] low (1 watt) output power switchable, lamda 1/4 

21 

' or 5/8 telescopic antenna selectable . Provisions for : external power t3.5 V DC, 
·external antenna . earphone. external speaker. NEW: Professionel plug-in moduls construction, 
with all units shielded, selected high qualiW parts secure long life. Range : up to 50 KM . 
dtrect. up to several hundreds of kilometers over repeaters . Universality: mobile or portable 
(with the snip of a finger]. High sensitivity: 0.2 uV for 20 db S/N. 

CQ-R-700 G band general coverage receiver with ultra high sensitivity (Q. t uV lor 
170 Kllz-30.0 Mhz 15 db· SIN on 30 Mhzl 

( 

Features: ~FO patent allows 
perfect frequency read- off and 

tune-in with ease. Selectivity selectable . 
. . wide/narrow. Modes : SS8 (USB/LSD). CW or AM. 

No1_se -blanker Incorporated. large, illuminated two colour S-meter. 500 Khz and 50 Hz calibration 
facility . Modern electronical layout. A true solution for all se.Alrching a reliable mean for 
short range or continuous long haul_e ret:eiption . 

CO-LINE 300 3000 watts Hf-LINE. Modes: USB/LSD. CW, AM, RTTV (FSKJ. FAX in 
1.6 . 30.0 Ullz · lull digital readout. 

' In many thousands of applicationes the CO -LINE has proven their. reliability and sturdiness. 
Its versalilty _and high power make the . CO · liNE a true partner lor long distance communica
!iOn. Even With s1mple antenna from home or car. world- wide contacts are no problem . 

UK: please contact our distributor Messrs William Munro, lnver{lordon, High Street tOO. 
telef .: 349-852351 ·4 Telex: 75265. 

'B~ 
SOLE DISTRIBUTOR EUROPE- oFNEC 

. RADIO AMATEUR AND CB EQUIPMENT 
VIA VALOANI, 1, CH 6830 CHIASSO/SWITZERLA'NO 

. . TELEF. 091!446464, TELEX 64077 CEC CH• 
WW-027 FOR FURTHER DETAILS . 
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LOWE ELECTRONICS L TO. 

PRICE INCLUDES TWO X1 0 
FULL BANDWIDTH PROBES 

* 1 30 mm mesh PDA 
* DC:30MHz * 2 mV sensitivity 
* Signal delay * Auto level triggering * Display modes CH 1, CH2. DUAL, 

ADD. X-Y * Single shot w ith variable hold off 

Sensitivity : 
Input R.C.: 

Risetime· 
Overshoot: 
Sweep time: 

Linearity: 
Calibrator: 

Trigger 
bandwidth· 

Trace rotation: 
Phosphor: 
Power· 

Dimensions: 

NEW 
MODEL 

CS1577 

DC - 30 MHz (3 
dB) 40 MHz (6 
dB) 
2mV / cm -

. 10V/cm 
1 M ohm 22 pF 
11.7 nS 
less than 3% 
100 nS/cm-
0.5S/cm 
better than 3% 
1 .KHz 100 mV 
square wave 

DC-40 MHz 
Electrical 
P31 
AC 
1 0 0 I 1 2 0 I I 

220 / 240V 
50 / 60Hz 40W 
260mm x 
1gomm x 
375mm 

WIRELESS WOR)...D . APRIL1979 

119 CAVENDISH ROAD, MATLOCK, DERBYSHIRE 
TEL 0629 2430 OR 281 ~. _!'ELEX 377482 LOWLEC G 

CS1352 DUAL TRACE 15 
MHz/2mV PORTABLE 

~ 1.·. ·G £350 +a% 

I 
a..:t.J .•.. • • • «"'• ., -

:. ~I t!)-ll ~ : -;"'~ : \ 
L~ . _ _ :.... L __ .. 1·3_ ---The CS1352 oscilloscope offers you not only dual trace. 

1 5MHz bandwidth operation at sens1t1vities down to 
2mV /em but also use from 100-240 Vac mains and 
portable operation using the optional rechar.geable battery 
pack . Automatic charg1ng IS carried out when the CS1352 
is plugged into a mams supply. Now you can have top 
performance both on the bench and out 1n the f1eld- and 
at an affordable pnce 

CS1575 I;)UAL TRACE 4 FUNCTION 
The CS1575 is a unique tool for the 
audio engineer . It features the normal 
facil ity of dual trace display w1th . 
sensitivity to 1 mV I em but not only can 11 
display the input signals on two . 
channels, it can simultaneously display 
the phase angle between them and 
measure the phase angle referenced to a 
zero phase calibration display. In add1t1on 
to these unique features. you also have 
independent triggering from each . 
channel to give stable displays even w1th 
widely differing inpu.t frequenc1es . 

Absolutely indispensable to the 
professional aud io engineer, the CS 1. 57 5 
is now in use all over the world . See 1t 1n 

action or send for complete details. 

Weight 10'Kg £278 + 8°/o ··· 1 
· · f T · h w the performance·features which have made 

I""'W'"'"'K:3_ IO The Trio range of ·oscilloscopes offer top quality at modera~e cos~ ~he :n~t~petc' ~~~~~z.sa~d sensitivities down to 1 mV 1 em 'on 1 30 mrr\

1 

.&. ~ . - . these oscilloscopes firm favountes In all parts of the worl . Wit . an -WI k ~~~II times- uite a change these days . 
. OSCILlOSCOPES . screens. Prices are very realiStiC ~d we try to_ ensure that delivery _':_ex stoc q - -- -- - . . E ELECTRONICS I 

FC)R FULL DETAILS ON THESE AND OTHER MODELS, CONTACT THE SOLE AGENTS, LOW . 

WW- 092 FOR FURTHER DETAILS 

~YRfTURn 
Verospeed 
Presents 
OIL SWITCHES 
OIL REED RELAYS 

For these and 
many other lines 
on the Verospeed 
hotline contact 

Verospeed, 
Barton Park Industrial Estate, 
Eastleigh, Hampshire S05 5RR 
Tel: (0703) 618525 

wW- 102 FOR FURTHER DETAILS 

ATTENUATdRS 
lf2 watt TERMINATI0NS 
IMPEDANCE . 1 

TRANSFORMERS 
MANUFACTURED BY ELCOM SYSTEMS INC._ 

LOW COST FAST DELIVERIES 
FROM 

Aspen· Electronics Limited 
.Communications Eq.uipment and Comoonenrs 

2~KILDAR'E cu:'iSE.EASTCOTE. RUISLIP. MIDDLESEX -HA4 ~QR 
Tel~phone ; o1-S68 1188 . Telex 8812727 

WIRELESS WORLD. APRIL 1979 

. . 

·1\-\tBR\DGE BETWEEN . · ACTURERS& . 

Now in its second great year, M 'rosystems is a combined conference and 
exhibition aimed at alerting industrialists and businessmen 

to the .m~aning of the microelectronic revolution. 
Learn how to develop and use enthusiasts, and listen to their 
successfully the new micro- experience and advice. 
processor-based technologies. Hear Talk to over 60 leading firms who 
a score of experts describe their will show, in the exhibition, new 
design experiences and the latest products and ideas for the solution 
products and development aids. of business and technical problems. 
Find out what new skills are needed, The Exhibition is free. The 
what costs are incurred and how to Conference costs £55+ VAT for each 
maintain and test microprocessor- of the first two, professional days 
based systems. (£95+ VAT for a two-day ticket), and 
Join the expanding group of small £7 +VAT for the final, personal 
business and personal computing computing, day. 

Microsystems is sponsored by 
'Computer Weekly', 
'Microprocessors', 'Data 
Processing', 'Electronics Weekly', 
'Systems International', 'Electron', 
·,Electrical Times', 'Electrical Review' 
and 'Wireless World' and is 
organised for them by lliffe 
Promotions ltd, Dorset House, 
Stamford Street, London, SE1 9LU. 
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r--------------------------·----------------------------------~------------- ------~ : USE THIS COUPON TO BOOK FOR MICROSYSTEMS - . ww 
I To: Microsystems, Room821, Dorset House, Stamford Street, London, SE1 9LU . I . 
1 Please send me: Oconference details and registration forms OA free exhibition ticket (Tick as required) I . . 
I 
I 
I 

Name . .. 

: Address .. . _ . _ . _ .. . . . __ . . . .. __ . . __ . . . . . . . . . . . . . . . . . . . . . .... . .. . . · ... . . .... . . . . ..... .. ... . .. . . ... .. ......... . 

~---------------------------~-----~-~-----------------------------~-~-------------
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TOTAL AMPLIFICATION FROM CRIM-SON E.LE~TRIK 

WE NOW OFFER THE WIDEST RANGE OF SOUND PRODUCTS~ 

STEREO 
PRE-AMPLIFIERS 

MC1 CPR 1 

CPR 1 -THE ADVANCED PRE-AMPLIFIER. The best pre-amplifier in the U.K. The 

superiority of the CPR 1 is probably the disc stage . The overload mar~in _is a superb 40dB, this 

together with the high slewing rate ensures clean top, even with h1gh output cartridges 

tracking heavily" modulated records . Common-mode distortion is eliminated by an unusual 

design. R.I.A.A. is accurate to 1 dB; signal to noise ratio is 70dB relative to 3 .5mV; distortion 

< .005% at 30d8 overload 20kHz. 

Following this stage is the flat gain/ balance stage to bring tape, tuner, etc . up to power amp. 

signal levels. Signal to noise ratio 86d8; slew-rate 3V/uS; T.H.D. 20Hz-20kHz<OOB% at 

any level. 

F.E.T. muting . No controls are fitted . There is no provision for 10ne controls. CPR 1 size is 

138x80x20mm. Supply to be~ 15 volts. 

MC 1 - PRE-PRE-AMPLIFIER. Suitable for nearly all moving-coil cartridges . Sensitivity 

701 170uV switchable on the p.c.b. This module brings signals from the now popular low 

output moving-coil cartridges up to 3.5mV (typical signal required by most pre-amp disc 

inputs). Can be powered from a 9V battery or from our REG 1 regulator board. 

X02:X03 - AC'I'IVE CROSSOVERS. X02 - two way, X03 - three way. Slope 

24dB/octave. Crossover points set to order within 10%. 

REG 1- POWER SUPPLY. The regulator module. REG 1 provides 15-0-15v to power the 

CPR 1 and MC 1. It can be used with any of our power amp supplies or our small transformer . 

TR 6 . The power amp kit will accommodate it . 

POWER AMPLIFIERS. It would be pointless to .list in so small a space the number of 

recording studios. edticational and government establishments. etc. who have been using 

CRIMSON amps satisfactorily for quite some time. We have a reputation for the highest quality 

at the lowest prices. The power am'p is available in five types, they all have the same 

specification. T.H .D. typically 0.1% any power 1kHz 8 ohms. T.I.D. insignificant, slew rate 

limit 25V I uS; signal to noise ratio 11 Od8; frequency response 10Hz-35kHz,- 3dB; stab1l1ty 

unconditional. pr-otection drives any load safely; sensitivity 77 5m.V (250mV or 1 OOmV on 

request), size 120x80-25mm. 

, 

. ~'if! 
electrOJUC~ 

2111 WEST CAMELBACK SUITE B PHOENIX , ARIZONA USA (602) 242-3037 

R F Transistors ---------------------- -------- --- ----- ---------------- - ----- ---- ----------

Type Price Type Price Type Price 

2N1561 $15.00 2N5637 $20.70 J.lEPS3006 $19 . 90 

2N1562 15.00 2N5641 4.60 HEPS3007 24.95 

2N1692 15.00 2N5643 20.70 HEPS3010 11.34 

2N1693 15.00 2N5764 27.00 HEPS5026 2 . 56 

: 2N2857JAN 2 . 45 2N5862 50.00 MMCM918 1.00 

. 2N2876 12.35 2N5913 3.25 MMT72 .61 

2N2880 25 . 00 2N5922 10.00 MMT74 . 94 

2N2927 7.00 2N5942 49.50 MMT2857 1.43 

2N2947 17.25 lN5943 1. 75 MMT3960A 6.25 

2N2948 15.50 2N5944 7.50 PT4186B . 3 . 00 

2N2949 3 . 90 2N5945 10.90 PT457lA 1.50 

2N2950 5. 00 2N5946 13.20 PT8659 10 . 72 

2N3287 4.30 2N6080 5.45 PT9784 24 . 30 

2N3300 1.05 2N6081 8.60 PT9790 41.70 

2N3302 1.05 2N6082 9.90 PT9847 26 . 40 

2N3307 10.50 2N6083 11. 80 J040 30 15 . 60 

2N3309 3.90 2N6084 13.20 40281 10 . 90 

2N3375 7.00 2N6094 ~ - 75 40282 11.90 

2N3553 1. 80 2N6095 10 . 35 40290 2 . 48 

2N3818 6 . 00 2N6096 19.35 c TA7994 50.00 

2N3824 . 3 . 20 2N6097 28.00 -------------------
2N3866 - 1.---.09 2N6136 18.70 FET,s 

2N3866JAN 4.14 2N6·166 36 . 80 . 1.0673 1. 39 or 10/10 . 00 

2N3866JANTX 4 . 85 2N6439 43.45 3Nl28 1. 35 or 10/10 . 00 

2N3924 4.00 MM\500 . 32.20 2N5248 .60 or 10/ 4.50 

2N3925 6.00 MM1550 10.00 MPF102 . 45 or 10/ 3 . 50 

2N3927 11. so MM1552 50.00 MEM631 .6J or 10/ 5 . 30 

2N3950 26 . 25 MM\553 . 56 . 50 -----------------------------
2N3961 6. 60 i1Ml601 5 . 50 TERMS 

2N4072 1. 70 MM1602 7 .so All CHECKS and MONEY ORDERS ARE 

2N4073 2.00 MM1607 , 8 . 65 IN US FUNDS ! ! ! 

2N4135 2.00 MM1620 . · 17.50 ALL ORDERS . SENT AIRMAIL DAY 

2N4427 1. 24 MM1661 15 . 00 Pleasa .. Include $2.50 Minimun for 

2N4430 2D . OO MM1669 17 .so postage. 

2N4440 8.60 MM1943 3.00 ALL PRICES IN US DOLLARS, 

2N4957 6. 30 MM2605 3.00 ALL PARTS PRIME/GUARANTEED. 

2N4958 4. 35 MM2608 5.QO ------------------------------
2N4959 2.12 MM8002 2.05 BANK AMERICARD/VISA/MASTERCHARGE 

2N4976 19.00 MM8006 2.12 You r Number; 

2N5070 13.80 MRF245 31. 05 -------------------------------
2N5090 6. 90 MRF304 43 . 45 Exp. Date 
2N5108 3 . 90 MRFSOl .49 -------------------------------
2N5109 1.55 MRF504 6.95 You r Signature 
2N5160 3. 34 MRF509 4.90 
2N5177 20 . 00 MRF5ll 8 . 60 -------------------------------
2N5179 . 68 MRF646 20 . 70 IC,s 
2N5184 2.00 MRF5177 20.70 MC1550G 1.50 
2N5216 47 . 50 MRF8004 1. 90 MC1590G 6.50 
2N5589 4. 60 HEP76/S3014 4 . 95 MC4024P 3 .27 
2N5590 6. 30 P.EPS3002 11.30 TMS4024 10.00 
~5591 10.35 HEPS3003 29 . 88 

HEPS3005 9. 55 

POWER SUPPLIES. We produce suitable power supplied which use our superb TOROIDAL 

transformers only 5Dmm high with a 1 20-240 primary and single bolt fixing (includes 

capacitors/ bridge rectifier). 

POWER AMPLIFIER KIT. The kit inclu.des all metalwork. heatsinks and hardware to house 

any two of our power amp modules plus::: power supply. It is contemporarily styled and its 

quality is consistent with that of our other products . Comprehensive 1nstruct1ons and full 

back-up services enables a novice to build it with confidence in a few hours. 

POWER AMP KIT £32.40 

PRE-AMPS 

POWER AMPLIFIER MODULES 
CE 608 60W t 8 ohms 35-0 35v 
CE 1004 100Wt4 ohms 35 -0 .35v 
CE 1008 100W i 8 ohms 45-0-45v 
CE 1704 170Wi4 ohms 45-0-45v 
CE 1 708 1 70W 18 ohms 60-0 -60v 

TOROIDAL POWER SUPPLIES 
CPS} for 2xCE 608 or TxCE 1004 
CPS2 for 2xCE 1004 or 2t4xCE 608 . 
CPS3 for 2xCE 1008 or 1 xCE 1704 
CPS4 for 1 xCE 1008 

. . £16 .30 
£19.22 
£23 .22 
£20.12 
£31.90 

These are available tn two verstons
one uses standard co mponents . and 
the other (the S! . uses M 0 res istors 
where necessary and tantalum capact

tors 

CPS5 1 for 1 xCE 1 708 
CPS6 for 2xCE 1704 or 2xCE 1708 

HEATSINKS 
L•ght duty. 50mm . 2 CI W 
Med1um power . 100mm . 1-4 C / W 
Disco i group.150mm . 1 -1 C · W 
Fan. 80mm. state 1 20 or 240v 
Fan mounted on two drilled 1 OOmm heats•nks 
2x4 C I W . 65 max . w ith two 170W 
modules 

£14.47 
£16.82 
£17.60 
£15.31 
£22.68 
£23.98 

£1.30 
£2.20 
£2.85 

£18.50 

CPR I £29.49 
MC1 £18.60 
CPR IS £39.98 
MC1S £29 .49 

ACTIVE CROSSOVERS 
X02 £14.83 
X03 £23.06 

POWER SUPPLY 
REG I £6.75 TR6 £1.75' 

BRIDGE DRIVER, BD1 

THERMAL CUT-OUT, 70 C 

£29 .16 

£1 .38 
Ob1a•n up to 340W usong 2x170W 
amps and th1s modu le 
BDI £5.40 

CRIMSON ELEKTRIK 
1 A STAMFORD STREET, LEICESTER LEt 6MLL. Tel. (0533) 53772_2 

U .K. - please allow up to 21 day a for delivery 

All pnces shown are UK only and include VAT and1>ost . COD 90pextra . (1 00 llm•t Export is no problem please· 

wnte for specif ic quote . Send large SAE ors 3 International Reply Coupons for detailed •nformat1on 

Distr ibutor · M 1nic Teleprodukter. Box 12035 . S-750 12 Upps~fa 12 . Sweden 

MHZ Electronics Kits : 

Kit II 1 
Motorola MC14410CP CMOS Tone· Generator. 
CMOS Tone Generator uses 1 MHZ crystal to produce standard dual frequency dialing signal. 

Di rec tly compatible with -12 key Chorneric Touch Tone Pads . Kit includes the follo1Ning.: 

1 Motorola MC 144 t OCP Chip 

1 1 MHZ Crystal 
1 PC Board 
And all o ther parts fo r assembly. NOW ONLY $15 . 70 

Kit II 2 
Fairchild 95H90DC Prescaler 350MHZ. · 

9 5H90DC Prescaler divides by 10 to 350 MHZ. This kit wi l l take any 35MHZ Counter to 350 

MHZ . Kit includes the f ollowi ng.: 
1 Fairchild 95H90DC Ch i p 

2N5179 Transistor 
UG-88/U BNC Connecto r s 

1 PC Board 
And all other parts for assembly. 

Kit II 3 
Fairchild 11C90DC Prescaler 650MHZ . 

Now Only $19 . 95 

llC90DC Prescaler divides by 10/100 to 650 MHZ. This counter will take any 65 MHZ Counter 

to 650MHZ . or with a 82590 i t will take a 6.5 MHZ Counter to 650MHZ. Kit includes the 

following. : 
1 
1 
2 
1 
1 

Fairchild 11C90DC Chip 
2N5179 Transistor 
UG-88 / U BNC Connectors 
LM/MC7805 Voltage Regulator 
SOvolt lAmp Bridg e 
LED I ndicator 
PC Board 

And all other _parts for assembly . 

FAIRCHILD VHF and UHF Prescaler Chips 

Now Only $29.95 

9 5H90DC 350MHZ Prescaler Divide by 10/11 S 8 . 95 

95H91DC 350MHZ Prescaler Divide By 5/6 8.95 

11C90DC 650MHZ Prescaler Divide By 10/11 15 . 95 

11C91DC 650MHZ Prescaler Divide By 5/6 15.95 

11C83DC 1GHZ Div i de by 248/256 Prescaler 29 . 90 

11C70DC 600MHZ Flip/Flop with reset 12 . 30 

11C58DC ECL VCM 4 . 53 

11C44DC Phase Frequency Detecto r (MC4044P/L) 3 . 82 

llC24DC Dual TTL VCM (MC 4024P/L) 3.82 

11C06DC UHF Presca l er 750MHZ D Type Flip/Flop 12 . 30 

11C05DC l GHZ Coun t er Divide by 4 74 . 35 

l1C01FC High Speed Dual 5-4 Input NO/NOR Gate 15 . 40 

-------------------------------------------------------------------------------------------
Crys tal Filters. Tyco 001-1 9 880 same as 2194F 

10 . 7MHZ Narro""' Band Crystal Filter 
3 db bandwidth 15khz minimum 20 db bandwidth 60khz min i mum 40 db bandwidth 150khz minimum 

Ultima t e SO db : I nsert i on loss l.Odb Max . Ripple l. Od b Max. Ct . 0+ - Spf. Rt. 3600 Ohms. 
Now Only S 5. 95 
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ell & Howell. 
Sets anew 
performance 
standard 
in motor 
tape 
drives. 
System 80 is designed, developed and built by Bell & HowelL 
Featuring a new dual-capstan, dual;.motortape drive, System 80 
outperforms the competition; Real spectral purity and a low 
flutter specification are both achieved over a wide speed range. 
At 120 i.p.s_ System 80 brings you a capstan servo bandwidth of 
1000Hz, a time-base error of a mere 200 nanoseconds, and a 
flutter figure of only 0.80% peak-to-peak. 

Backed by the worldwide network of Bell & Howell 
companies and associates, System 80 is just one of the 
Company's comprehensive range of Datatape products for 
laboratory, military and industrial applications. Each one 
available with a wide selection of amplifiers, interfaces and 
accessories. 

System 80 is supported by a team of specialist Sales 
Engineers throughout the U.K. plus qualified Applications a·nd 
Service Engineers working from well equipped laboratories at 
Basingstoke. 

For more information, contact: 
Electronics & Instruments Division, Bell & Howell Limited, 
FREEPOST, Basingstoke, RG22 4BR. 
or telephone Basingstoke (0256) 20244. 

BELLs HOWELL 
Information systems. For work, education and entertainment. 

WW- 083 FOR FURTHER DETAILS_ 

Bell & Howell.· 
-The symbol for, 

super1or technology:_ 

'25 
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IT'S SURPRISING HOW MANY 
PEOPLE MAKE COMPUTERS 
TO FIT OUR MEDIA 

Our Disks 
3M is the world's leading 

magnetic disk manufacturer. 3M can 
supply quality media. including disk 
packs. disk cartridges and data modules. 
for virtually every type of computer. 
They've all got the unique Crashguard 
Binder Formulation. which resists 

r••••••••••••••••••••··~ 
I Post this coupon now to Data Recording Products. I 
I 

3M United Kingdom Ltd., FREEPOST, Bracknell, Berkshire RG121BR. I 
We are interested in 

~ ~:::::~:i~::dules . B ~~,:::~:rtape~ ••• .• •••..••..••.•. 8 ~ 
head impact damage. and virtually 
eliminates oxide build-up on the read/ 
write heads. 

I Please specify other items I 
1 Name Address 1 

Our Tapes I Position I 
3M made the very first computer 1 Company: 1 

tape. Our Scotch computer tapes like Telephone 
Scotch700tapearedesignedandtested I ---- I 
to give you better performance-especially 1 I 
on high-speed drives. Textured backing 
minimises cinching and damaged edges. I I 
reduces static attraction and surface I 1 
damage. and maintains uniform signal 
output for the entire tape length. I I 

Scotch 701 tape does the same. I . · WW4179 I 
butwith33%moretapeonthesame . . . . . . 3m 
size reel. 1 · · · · I 

And if you have a DE.C. computer ._ 3M. Scotch and Crashguard are trademarks . ~~• _. 

using %"'tape.askaboutScotch481tape.- • • • • • • • • • • • • • • • • • • • • • •-
WW-079 FOR FURTHE~ PET AILS 

VIDEO or AUDIO 
BULK ERASURE 

LR71 
MAX REEl·SIZE 11!" 
VIDEO AND AUDIO 

LR70 
MAX REEl SIZE 8-3;" 

AUDIO ONlY 

LR70/71 bulk tape erasers are simple to operate and will erase 
cassettes, cartridges and reels of tape up to a maximum reel 
size of 11f' and tape width of 1", quickly and efficiently. 

LEEVERS-RICH EQUIPMENT LIMITED 
31 9 Trinity Road, Wandsworth 
London SW1 8 3 SL 
01 874-9054 Telex 923455 

WW- 024 FOR FURTHER DETAILS 

pocket-sized 

500MHz 
FREQUENCY 
COUNTER 
(CM7044) 

for UHF/VHF or CB 
mobile radio 

* _t 2 ppm accuracy 
(0·0002%) 

*Overload protected !tl 
*Built-in Ni-Cad 

battery pack 
* Exceptional value 

Frequency Ranges 
(Switched) ~ • .. . ~011 
(a) 1OM Hz - 50M Hz ·111r 
(b) 40 MHz-500 MHz 

Sensitivity 
50 M Hz range, 30 mV 
500 MHz range, 50 mV 

Display ~ '<\ll(;t .t.11 trt~e 
7 digit, 7 segment LED display ~ Et<~~ .. ~~~~l)(a~; 
Dimensions 
4.75" 2.6" . 1- .25" 
(121 67 32mm) 

Labgear 
labgear limited Abbey Walk 
Cambridge CB1 2RQ England 
Telephone : 0223 66521 (7 lines) Telex: 81 105 LAB 
Telegrams : labgear. Cambridge 

WW- 100 FOR FURTHER DETAILS 
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The935 

full"'function DMM 

from 
Data Precision 

HANDY • VERSATILE • TOUGH • PRECISE 
HANDY- easy to hold, to carry, to use, to read. 
Always at hand to make difficult measurements 
easy. 

VERSATILE- all the functions and ranges you 
need ... 29 in all: volts and amps, a.c. and d.c., 
switchable Hi and La ohms. 

TOUGH- built to take the rough and tumble of field 
service and survive normally disasterous overloads 
the 935 will stay in cal. 

PRECISE - basic 0.1% d.c. accuracy - better than 
many bench models! 

VISIBLE- big, clear, high contrast 3~ digit LCD 
display, readable anywhere.~" characters. 

EXPANDABLE- accessories extend measurements 
to 1 OOOA, 40kV, r.f. at 700MHz or temperature from 
- 60 to + 150°C. 

INEXPENSIVE- the 935 has the lowest price tag 
of any high performance hand-held DMM at£ 99 
U.K. mainland delivered exc. VAT It uses a low 
cost PP9 battery which can give up to 200 hours 
use. 

Get the leaflet now 
and see why your next multimeter should be a Data 
Precision 935! 

Contact: 

sole U.l<. agent 

~ Farnell International 

WETHERBY· WESt YORKSHIRE LS22 4DH ·TEL: 0937 6354~ ·TELEX 557294 FARIST G OR LONDON OFRCE-TEL: 01864 7 433 

WW- 088 FOR FURTHER DETAILS 
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ALL METAL BIMCASES 
Red, Grey or Orange 14SIIIIg 
Aluminium removable top 
and bottom covers. 18 Sllllg 

black mild stee I chassis with 
fixing support brackets. 

BIM 3000 
~250x 167.5x68.5mm) 
£14.58 

ALL METAL BIMCONSOLES 

MINI DESK BIMCONSOLES 
Orange, Blue, Black or 

Grey ABS body in
corporates 1.8mm pcb 
guides, stand-off bosses 

in base with 4 BIMFEET 
supplied. 1mm Grey Aluminium 

panel sits recessed with fixing screws 
into integral brass bushes. 
BIM 1005 (161 x 96 x 58mm) £2.18 
BIM 1006 (215 x 130 x 75mm) £3.05 

All aluminium, 2 piece desk consoles with Colour Code Top Panel Base 
either 15° or 30° sloping fronts, sit on A Off White Blue 

4 self-adhesive non-slip rubber feet. 8 Sand Green 
Ventilation slots in base and rear C Satin Black Gold 
panel for excellent cooling. See latest catalogue for new styles and sizes 

15° Sloping Panel 30° Sloping Panel 
BIM7151 ( 102x140x51 [28) mm) BIM7301 (102x 140x76[28) mm) £10.67 
BIM7152 (165x140x51[28)mm) BIM7302 (165x140x76[28)mm) £11.44 
BIM7153 (165x216x51 [28) mm) BIM7303 (165x183x 102[28) mm) £12.61 
BIM7154 ( 165x211x76[33) mm) BIM7304 (254x 140x76[28] mm) £13.82 
BIM7155 (254x211x76[33] mm) BIM7305 (254x 183x102 [28] mm) £15.36 
BIM7156 (254x287x76[33] mm) BIM7306 (254x259x102[28] mm) £16.67 
BIM7157 ~356x211x76[33]mm) BIM7307 (356x183x102[28]mm) £17.58 
BIM7158 (356x287x76[33] mm) BIM7308 (356x259x102[28] mm) £18.55 

ABS & DIECAST BIMBOXES 

6 sizes in ABS or Diecast Aluminium. ABS moulded in Orange, Blue, , 
Black or Grey. biecast Aluminium in Grey Hammertone or Natural. All 
boxes incorporate 1 .8mm pcb guides, stand-off supports in base and have 
close fitting flanged lids held by screws into integral brass bushes (ABS) 

Orange, Blue, Black or 
Grey ABS with 1mm 

Grey Aluminium 
recessed front cover 

held by screws into 
integral brass bushes. 

1.8mm pcb guides incorpora
te-j and 4 BIMFEET supplied. 

BIM 4003 (85x56x28.5mm) 
BIM 4004 ( 111x71x41.5mm) 
BIM 4005 (161x96x52 .5mm) 

£1.18 
£1.62 
£2.19 

LOW PROFI LE BIMCONSO L ES 

Orange , Blue, Black or 
Grey ABS body has 
ventilation slots as we II 
as 1.8mm pcb guides 
and stand-off bosses in 
base. Double angle 
recessed front panel 
with 4 fixing screws 
into integral brass 
bushes. 4 BIMFEET 
supplied. 

BIM 6005 (143 x 105 x 55 .5 [31.5) mm) 
BIM 6006 (143 x 170 x 55.5 [31.5) mm) 
BIM 6007 (214 x 170 x 82 .0 [31.5) mm' 

_....-;::----~ EUROCARD BIMCONSOL ES 

or tapped holes (Diecast). ~ "' body accepts full or Y. size ~
Orange, Blue, Black or Grey ABS 

~- ~ . . ba., fm d;,ect t;x;ng. 1.8mm 31mni)' ; 
1 00x50x25mm) 

(112x62x31mm) 
( 120x65x40inm) 
( 150x80x50mm) 
( 190x 110x60mm) 

ABS 
N/A 
BIM2002/12 
BIM2003/13 
BIM2004/14 
BIM2005/15 
BIM2006/16 

£0.96 
£1.13 
£1.35 
£1.52 
£2.37 

Diecast 
BIM5001/11 
BIM5002/12 , 
BIM5003/13 
BIM5004/14 
BIM5005/15 
BIM5006/16 

Hammertone 
TBA 
£1.46 
£1 .78 
£2.24 
£2.84 
£3.94 

Also available in Grey Polystyrene with no slots and self-tapping screws 
BIM 2007/17 (112x61x31mm) £1.00 

B IMTCCLS + BIMACCESSCRIE S 
MAINS BIMDRILLS 

Natural 
£1 .02 
£1.19 
£1.46 
£1.82 
£2.28 
£3.33 

Small, powerful. 240V hand drill complete with 2 metres of cable and 
2 pin DIN plug. Accepts all tools with 1mm, 2mm or .125" dia. shanks 
Drills brass, steel, aluminium and pcb's. Under 250g, off load speed 
7500 rpm. Orange ABS, high impact, fully insulated body with integral 
on/off switch £10.53 

Mains Accessory Kit 1 includes 1 mm, 2mm, .125" twist drills, 5 burrs 
and 2 .4mm collet £2 .48 

Mains Kit 2 includes Mains B I M DRILL as above, 20 assorted drills, mops, burrs, grinding 
wheels and mounted points, 1 mm, 2mm, 2.4mm and .125" collets. Complete in trans
parent case measuring 230x130x58mm £22.14 

· B IM D APTORS 
Allows pcb's to be flat mounted sandwich fashion in 
BIMBOXES, BIMCONSOLES, and all other enclosures 
having 1.5mm wide vertical guide slots. One plastic 
BIMDAPTOR on each corner of pcb(s). enables 
assembly to be simply slid into place . 54mm long, 10 
slots on 5mm spacing and can be simply snipped off 
to length. £1 .08 per pack of 25. 

B IMFEET 
11 mm dia. 3mm high, grey rubber self-adhesive enclosure feet . 
£0.77 per pack of 24 

12 VOLT BIM DR ILLS 
2 small, powerful drills easily hand held or used with lathe/stand adaptor. 
Integral an/off switch and 1 metre cable . 
Mini BIMDRILL with 3 collets upto 2.4mm dia. £ 8.10 
Major BIMDRILL with 4 collets up to 3mm dia. £13.60 

~~ Eurocards, with bosses in the 

' ~ / ' wide pcb guides incorporated 
' . and4 BIMFEET supplied . 1mm 

Grey aluminium lid sits flush with body 
top and held by 4 screws into integral brass bushes. 

BIM 8005 ( 169x127x70[45] mm) £4.12 
BIM 8007 ~243x187x103[66] mm) · £6.10 

OIL 

COMPATI BLE 

BIMBOARDS 

~~~~l!!!!ll!l"~ml : Accept all sizes 
(4-50 pin) of Dl L IC 
Jl)aekages as well as 
resistors, diodes, 
capacitors and LEOs. 
Integral Bus Strips 
up each side for 
power lines and 
Component Support 
Bracket for holding 

1~~~~~--.. lamps, Sill/itches and fuses etc. Available 
as single or multiple 

units, .the latter mounted on 1.5mm thick 
black aluminium back plate which stand on 
non slip rubber feet and have 4 screw 
terminals for incoming power. 

BIMBOARD 1 has 550 sockets, multiple units 
uti lising 2, 3 and 4 BIMBOARDS incorporate 
1100, 1650 and 2200 sockets, all on 2.5mm 
(0. 1 ") matrix. 

Accessory Kits 1 have appropriate drills and collets as above plus 20 assorted 
tools. Mini Kit 1 - £15.12, Major Kit 1 -£19.44. Accessory Kits 2 have appro-

BIMBOARD 1 £ 8.83 

BIMBOARD 2 £21.01 

BIMBOARD 3 £29.84 

BIMBOARD 4 £38.79 

priate drills, collets plus 40 tools and mains·12V de adaptor. Mini Kit 2 - £34.02, 
Major Kit 2-£39.42. Accessory Kits 3 as appropriate Kits 2 plus stand/lathe unit. 
M in i Kit 3- £45.36, Major Kit 3 - £50.76. 

DESIGNER PROTOTYPING SYSTEM 

1, 2, or 3 BIMBOARDS mounted on BIM 6007 
BIMCONSOLE with Integral Power Sllpply' 
(±5 to ±15Vdc@ 100mA and fixed +.5Vdc@ 1A) 
All 0/P's fully isolated . Short circuit and fast fold 
back protection, P,awer rails brought out to cable 
clamps that accept stripped wire cir 4rrm plug. 
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••• an 
now 
No.3! 
This third book in Wi.reless World's 
popular series will be welcomed by all 
concerned with designing, using and 
understanding electrcnic circuits. 
It comprises information previously 
included in the third ten sets of 
Wireless World's highly successful 
Cir.cards- regularly published cards 
giving sdected and tested circuits, 
descriptions of circuit operation, 
component values and ranges, 
circuit limitations, modifications, 
performance data and graphs. 
The book follows on from Circuit 
D esigns Nos. 1 and 2. It is magazine 
size in har d cover and contains ten 
sets of C ircards plus additional 
information and an explanatory 
introduction. Like its predecessors, 
it may soon b~ difficult to obtain, 
so you are advised to order your 
copy without delay. 

Voltage to frequ ency c o nverters. 
Amplitude modulators. 
Reference Circuits. 
Voltage regulators. 
RC oscillators -part I . 
RC oscillators -part 2. 
C.M.O.S. -part I. 
C.M.O.S. -part 2. 
Analogue multiplier s. 
R .m.s./.log./ p o wer law circu its. 

A book from 

General Sale:-; Departnwnt. IPC Bu:-~ine-:-;:-; Pre:-;s Ltd ., 
Room CPH. Dorset Hou:-;e, Stamford Street. London SEI 9LU. 

----------------------
ORDER FORM 

To: General Sales Dcp;mment, 
IPC Business Press Limited , Room CPH. Dorset House, 
Stamford Street, London SEl 9LU. 4 

Please send me .. .... copy 's of 
Circuit Designs- Number ) at [ 14.50 each 
inclusive . I enclose remittance value L .. .. . 
(cheque:~ rayahle to IPC Busine:-~s Press Ltd. l 

\:A\ IE 
trlcasl' rrintl 
ADDRES S. 

Comr:uw rq_:istl'rl'cl in EngLmcl :mel :1 suhsid i:1rv ,,f Rn·cl lntl'm:lt it 111;d Ltcl 
RL•gistc'rl'd :-\o. (1 / /12:-: . Rl'gcl. tMicc• : l), 1rSL't Huusl'. Stamfurd Strl'l't. 
L.1nclun SE i cJLL'. ____________________ J 
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ambit internatian: 
At last, DIY Hi Fi whiEh looks as if it isn't. 
That's not to say i t doesn' t look like HiFi - j ust that it doesn't look like the usual sort of 
thing you have come to associate w ith DIY HiFi. The Mk3 outstrips and outperforms al l 
British made H i Fi tuners, and most imported ones too. Certainly at the price, there isn't 
one near it. But more than that, i t looks superb . A small pic here would be an insult, 

PARTS FOR CURRENT PW PROJECTS ... FROM AMBIT INTERNATIONAL 

VHF FM monitor RX : A complete kit of parts for this project , which we firmly 
believe will be an estab l ished "standard" for years to come. The kit inclu d es a 

so send an SAE for detai.ls on the kit that looks as if isn't. It's something else ...... .. ... . . 

5 channel switched cryst al oscillator added to the board end. using diode switch· 
ing . Uses cheaper 3rd OT cryst als, employing original oscillator as x3 stage . 
Price depends on filter selected (we \lave various t ypes) and whether or ·not chip 
capacitors are required. More notes on the ki t from our own lab . £25-£35 ki t . 
VMOS POWER TRANSISTORS FOR PW WINTON £9.95 pair" 2SK133/J48 
FULL KITS FOR THE PW SANDBANKS METAL LOCATOR (st.ould be ex stocl<) 
FULL KITS FOR THE PW DORCHESTER 

Radio ICs 
TDA1062 
TDA1083 
TDA1090 
TDA1220 
HA1197W 
CA3123E 
TBA651 
CA3089E 
CA3189E 

HF/VHF tunerhead 
One chip AM/FM rx 
One chip HiFi am/fm 
One chip am/fm rx 
HiFi AM tuner IC 
AM tuner IC 
AM tuner IC 
Fanlous FM IF system 
As 3089+ deviation mute 
AF preamp, adj, age 

HA1137W Improved SIN 3089 
TBA120 limiting amp+detector 
TBA120S high gain 
MC1350P agc'd IF preamp 
MC1330P synch AM/video detector 
KB4406 Cascade IF preamp 
uA753 limiting FM preamp 
Comm unications circuits 

1.95 
1.95 
3.35 
1.75 
1.40 
1.40 
1.81 
1.94 

2.75 
z.zo 
0.75 
1.00 
1.20 
1.35 
0.65 
1.95 

SD6000 DMOS RF/Mixer pair 3.75 
KB44 12 Bal mixe,., I F+agc 2.55 
K64413 AMISSB det. squelch,agc 2.?5 
KB4417 mic processor 2.55 
MC3357 bes).thing in NBFM yet 3.12 
MC1496P popular double bal mixer 1.25 
Multio'l<>x decoders + noise blanke r 
MC1310P popular PLL decoder 2.20 
uA758 buffered 1310 2.20 
CA3090AQ RCA PLL decoder 3.25 
HA1196 improved PLL decoder 

with stereo preamps 
HA11223 19kHz pilot cancel, low 

KB4437 

KB4438 

distortion, high SIN 
as HA11223 wi th remote 
VCO kill facility 
stereo MUTING preamp 

3.95 

4.35 

4.55 

KB4423 
for post decoder mute · 2 .22 
impulse noise blanker 2.53 

Discrete devices : more than ever : 
BF960 800MHz/2 .8dB nf mosfet1 .60* 
BF961 200MHz/2.0dB nf 0.80* 
40822 FM RF amp 0.43* 
40823 FM mixer 0.51* 
40673 Famous MOSFET 0,55* 
2SJ49/2sK133 120v/100W MOSPOWER 

output devices 10.50* 
the best value today 
3mm Smrn 2.5x5mm 

Red 0. 14 0.14 0.17 
Green 0.18 0.16 0.20 
Yellow 0.18 0.15 0.20 
Orange 0.22 0.29 0.24 
100 ~ff mix, 25% discount. All are AEG first 
grade types - absolutely no junk. 5mm clips 
for panel mounting 0.03 each 

Misc. )Cs for radio/audio applications 
U237B 5 LED bargraph driver 0.80* 
SAS6610 4 station touch tune IC 1.48* 
SAS6710 adds 4 stations to 6610 1.48 
MSM5523/4 LW,MW,SW and FM digital 

frequency readout plus 
clock, timers, stopwatch £14 • 

MSM5526 LW/MW/FM OFM with 
direct drive for LCD 

TCA730 DC volume control 
TCA740 DC tone control 
TDA1028 DC input switch 
TDA1029 DC mode switch 

Radio and Tuner modules 

£11* 
3.50 
3.50 
3.50 
3.50 

We cannot really list all the details we would 
like to here - but with advent of the new mark 3 
tuner system, the Dorchester and matching AF 
units, Ambit offers you the widest choice ever, 
plus hardware and styling that matches the very 
high standards we have set in this new range. 

TERMS etc : CWO please, VAT on Ambit Items is generally 12Y,%, except where marked (*). 
Catalogue part 1 :45p, part 2 SOp all inclusive. Postage 25p per order, carriage on tuner kits 
£3. Phone Brentwood (0277) 216029/227050 9am-7pm. Callers welcome inc. Saturdays . 

~ 
* Exceptionally high performance - exceptionally straightforward assembly ~ * Baseboard and plug-in construction. Future circuit development..c; will readily 

plug in, to keep the Mklll at the forefront a~ technical achievement 
* Various options and module line-ups possible to enable an installment approach 

to the system 

and now previewing the matching 60W/channel VMOS amplifier: 

~ 
* Matching both the style and design concepts of the Mk Ill Hi Fi FM tuner 
* Hitachi VMOS power fets -characteri zed especially for HiFi applications 
* Power output read ily multipl ied by the addition of further MOSFETs 
* VU meters on the preamp - not simply dancing according to vol level 
* Backed with the usual Ambit expertise and technical capacity in audio 

The PW DarEhester-LW,mW, 5W,& Fm stereo tuner 
THE DIGITAL DORCHESTER ALL BAND TUNER 

14.125 I~ 
11011111111 

With styling and 
dimensions to f it 
in w ith the rest 
of AMBIT's new 
range o f tuner & 
audio equipment . 

When the new range of OKI digital frequency display ICs was announced, the original 
prototype of the Dorchester had been made · but since so many of you wanted to use the 
OK\ frequency oounterdisplay system with the Dorchester, we quickly designed a unit to 
incorporate the necessary faci l ities. The Digital Dorchester is designed in 19 inch form, 
and forms a perfect match for the other units in the range. If you don't want to go to 
the expense of the full Ambit DFM1 module, with AM/FM/Time/Timers, then the MA 1023 
clock module can be used instead · 

The Dorchest er has been descr ibed in PW Dec., Jan. and Feb. issues - but for those of 
you who may have missed it - it is an All Band broadcast tuner, covering LW/MW/SW 
and FM stereo in 6 switched ranges. Construction is very st ra ightforward, with all the 
switching being PCB mounted- and the revolutionary TDA1090 IC used for AM/FM . 

The electronics for the rad io section of the Dorcheste r remain unchanged at £33.00, 
with 12.5% VAT. The hardware package, of case , meter, PSL) now costs £33.00 + 8% 
witl:l the MA 1023 available for an extra £5 only. 
For the fully digital version, with Amb it DFM1 , the price is £56.50 + 8% VAT. 

2 Gresham Road, Brentwood, EsseH. 
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repa1r 
BRlDG£~ . . 
G·R 1607 A Transfer Function & lmmitance Bridqe From £45 .00 
WAYNE KERR B. 521 Universal Bridge -1% £85.00 

.WAYNE KERR B.601 R.F. Bridge 15KHz-5MHz From £195.00 
WAYNE KERR B.221 Universal Bridge From £295.00 
DIG ITAL VOLTM ETERS 
ADVANCE DVM 1 AC/DC 4 Digit 
HEWLETI-PACKARD 3439A AC I DC 4 Digit 
ROBAND RDV .4 DC 4 Digit 
SOLARTRON A .223 5 Digit 
METERS 
ADVANCE VM .78 Millivoltmeter 
AIRMEC 210 Modulation Meter 
AIRMEC 409 Modulation Meter . .. .. 
MARCONI 2604 Electronic Voltmeter 20Hz-1 5GHz 
MARCONI 2603 R.F. Electronic Voltmeter 50KHz-1 .5GHz 

. MUIRHEAD D-729-BM Phase Meter 

MARTiN ASSOCIATES 
·34Crown_s_ireet ___ ·· -·- ·· -

Read ing 
. Berks. RG 1 2SE 
·Tel. P.eadinQ 10 

£125.00 
£200.00 

£95.00 
£550.00 

£60.00 
£95.00 

£350.00 
£225.00 
£250,00 
£225.00 

You;// do better at Martin Associates 

OSCI LLOSCOPES 

·we f!I.Jarantee it! 
ADVANCE OS. 1 5A Single Beam DC-3MHz 
MARCONI TF.2201 Dual Beam DC-30M Hz 
TEKTRONIX 585A + 82 Plug-In DC-BOMHz 
TEKTRONIX 545A + CA Plug-In DC-24M Hz 
TEKTRONIX 545 + CA Plug-In DC- 24M Hz . . .. 
HEWLETI-PACKARD 1 75A + 1755A DC-50MHz 
TEKTRONIX C-27R Oscilloscope Camera .. .. 
TELEOUIPMENT S.51 A Single Beam DC-3M Hz . . . . . . 
TEKTRONIX Plug-Ins. Various types, information on application 
TEKTRONIX Probes Various Information on application 
HEWLETT-PACKARD 1 1 1 OA Current Probes 
SIG N A L SOURCES 
ADVANCE SG .88 VLF Generator 0.005Hz-50Hz 
ADVANCE PG . 5002D Double Pulse Generator .. .. . .. .. . .. . 
ADVANCE J.3 Signal Generator 15Hz-50KHz 5 ohms/600 ohms 
ADVANCE J1 B Si(lnal Generator 15Hz-50KHz 600/5 ohms 
ADVANCE J4 Signal Generator 1OKHz-600KHz 600 ohms 
G-R 1362 UHF Oscillator 220-920mHz + 1 267B Mod . P.S .U. 
G-R 1215C Oscillator 50-250M Hz . . . . . . . . 
HEATHKIT AG9U 1QHz-1 OOKHz 3mV-1 OV o/ p 
HEATHKIT 1G-18 1Hz- 100KHz Square/Sine . ..... . . .. . .... . 
HEWLETT-PACKARD 608F 1 OMHz-455 MHz Signal Generator . 
HEWLEiT-PACKARD 200CD 5Hz-600KHz W i.de Range Oscillator 

MARCONI TF 1o"66B10MH~-4iOMH z F .. M . 
Signal Generator . .. .. .. . . . . £600.00 

' MARCONI TF .144H/4 10KHz-7 2 MHz A.M. 
Signal Generator . . . . . . . . . . . £4 70.00 
MARCONI TF.801 D/ 1 1 OMHz-4 70MHz 
A.M . Signal Generator .. . . ... £200.00 
MARCONI TF .1370/A 10Hz-10MHz Sine/ 
Square R.C. Oscillator . . .. From £150.00 
MARCON I TF.1 ogg Sweep Generator 
24MHz. NEW . . . . . . . £200.00 
MARCONI TF. 1 245 / 1 247 'Q ' Meter & 
Oscillator 20MHz-3001'\11Hz £800.00 

' WAVETEK 185 Lin I Log Sweep Generator 
O.Ou01 Hz-5MHz ... . . . . . . .. . £4 50.00 
WAVETEK 30 Wave Function Generator 2Hz-
200KHz £ 100.0 0 

RECORDERS 
ADVANCE HR .100 X-Y Plotter 
BRYANS 22020 X-Y Plotter . . . . . . . . .... . 
k1-P 7700 Thermal 6pt Recorder System in 6' Rack 
KENT Mk. Ill 6pt Recorder 

£85.00 
£200.00. 
£550.00 

From £325.00 
From £200.00 
From £350.00 

£350.00 
£85.00 

From £75.00 
From £12.00_ 

£100.00 
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electronic components appreciate our guarantee to supply goods only from BS9000 app roved sources. More t h an ever, professional 
05151 Since AMBI T intr oduced the "One Stop Technology Shop" to our service, we have been pleased to see just how many users o f 

[0·4000 an[ilioSectronmi~~ee~;;;~k;to :t:1~~~e TTLn;~;.i;;dfeiinlriilostiiattkY I ~~~~H!o TOO! I 
4000 17p 4059 563p 6800 series 8216 1.95 2114 £10 

'N' ' L SN' ' N ' 'LSN' ' N ' 'LSN' 'N ' 'LSN' LSN 
4522 149p 

4001 17p 4000 115p 4527 157p 6800P 6.50 
8224 3.50 2708 [10.55 7400 13 20 7455 35 24 74126 57 44 "74185 134 74377 124 

4002 17p 4063 109p 4528 102p 6820P £6 
8228 4.78 peyeloomeot 

7401 13 20 7460 17 741:18 74 74188 275 74378 93 

4006 109p 4066 53p 4529 141p 8251 6.25 7402 14 20 7463 74132 73 78 74190 115 92 74379 130 
6850P 2.75 8255 5.40 MEK6800 £220 7403 14 20 7470 28 74133 29 74191 74386 37 

4007 18p 4067 400p 4530 90p 6810P [4 
4008 SOp 4068 25p 4531 141p 6852 3.65 MEMORIES TK80 [306 7404 14 24 7472 28 74 136 40 74192 105 180 74390 140 

4009 58p 4069 20p 4532 125p 2102 £1. 70 
AMI, Sognetics, 7405 18 26 7473 l2 74138 60 74193 105 180 74395 139 

4010 58p 4070 20p 4534 614p 8080 series 
2112 £3.40 Tl, lntersil ," 7406 38 7474 27 38 74139 60 74194 105 187 74396 133 

4011 17p 4071 20p 4536 3SOp so so 6 .30 2513 £7.54 
Harris etc . OA 7407 38 7475 38 40 74 141 56 74195 95 137 74398 180 

4012 17p 4072 20p 4538 150p 8212 2 .30 4027 £5.78 
7408 17 24 7476 37 74142 265 74196 99 110 74399 150 

4013 SSp 4073 20p 4539 110p 7409 17 24 7478 74143 312 74197 85 110 74445 92 

4016 52p 4075 2()p 4541 141p 7410 15 24 7480 48 74144 312 74198 150 74447 90 

4017 80p 4076 90p 4543 174p 
Ualtagl! Rl!gs 

7411 20 24 7481 86 74145 65 74199 160 74490 140 

4018 SOp 4077 20p 4549 399p 7412 17 24 7482 69 74147 175 74248 90 74668 110 

4019 60p 4078 20p 4553 440p 7413 30 52 7483A 74148 109 74249 93 74670 249 

4020 93p 4081 20p 4554 153p NEW L OW PRICES 
7414 51 130 7484 97 74150 99 74251 90 MISCELLENY 

4021 82p 4082 20p 4556 . 77p 7415 24 7485 104 99 74151 64 84 74253 105 NE555 30p 
4022 90p 4085 82p 4557 3B6p 

7800 series UC T0220 package 1 A all95p 7416 30 7486 ' 40 74153 64 54 74257 108 NE556 78p 
4023 17p 4086 82p 4558 117p 7900 series UC T0220 package 1 A all £1 7417 30 7489 205 74154 96 74258 153 NE558 180p 
4024 76p 4089 150p 4559 388p 7BMUC series T0220 package 'hA all 90p 7420 16 24 7490 33 90 74 155 54 110 74259 420 

4025 17p 4093 5()p 4560 218p 7BLCP series T092 100mA all 35p 
7421 29 24 7491 76 110 14156 so 110 74260 153 ICM7217 950p 

4026 18()p 4094 190p 4561 65p 7422 24 24 7492 38 78 74157 67 55 74261 353 ICM7208 1495p 

4027 55p 4096 105p 4562 530p L 200 up t o 3A/adjustable V&A 195e 7423 27 7493 32 99 · 74158 60 74266 40 ICL7106CP-- 7425 27 7494 78 74159 210 LCD DVM IC 
4028 72p 4097 372p 4566 159p 74273 124 

4029 lOOp 4098 110p 4568 281p 
7BMGT 2C 'hamp adjustable volts 175p 7426 36 27 7495A 65 99 74160 82 130 74275 312 955p 

4030 58p 4099 122p 4569 303p 79MGT2C 'haml! adjustable volts 1751! 7427 27 29 7496 58 120 74161 92 78 74279 52 LCD DVM KIT 

4031 250p 4160 90p 4572 25p 723C precision controller 65p 7428 36 32 7497 185 74162 92 130 74283 120 2480p 

4032 100p 4161 90p 4580 600p 7430 17 24 74100 119 74163 92 78 74290 90 3% digit LCD 

4033 1'45p 4162 90p 4581 319p 
MAINS FILTE RS FOR NOISE£RFI etc 7432 25 24 74104 63 74164 104 74293 95 display 1 150p 

4034 200p 4163 90p 4582 164p 1 amp in I EC connector £4.83 7433 40 32 74105 62 74165 105 74295 120 ICL7107 LED 

4035 12()p 4174 104p 4583 84p 5 amp in 'wi re in' case £3.87 7437 40 24 74107 32 38 74166 74298 100 DVM kit 2065p 

4036 250p 4175 95p 4584 63p NESSOA 73p 7438 33 24 74109 63 38 74167 20 74324 157 ICM7216 · 8 digit 

4037 100p 4194 95p 4585 100o 7440 17 24 74110 54 74168 74325 242 10MHz DFM/ 

4038 105p 4501 23p 7441 74 74111 68 74169 200 74326 247 timer £19.82 

®39 250p 4502 91p 7442 70 99 74112 B8 74170 230 200 74327 237 (for LED C.Cath) 
LIDEAR§non-consumer OPJO 7 seg d isplays 

-~·~ 83p 4503' 69p 7443 115 74113 38 74172 625 74352 100 SCALAR ICs 
90p 4506 51p BIMOS 7444 112 74114 38 74173 170 ~4353 100 8629 1 50MHz 

4042 85p 4507 55p 0.43" !:!.!gh Eff iciency H P: 7445 94 74116 198 74174 87 120 4362 7!~ divide by 100 CA3130E 84p LM339N 66p 
4043. 85p 4508 248p CA3130T 90p LM348N 186p 

.,.,. ""' "' CA ) 
7446 94 74118 83 74175 87 110 74365 
7447 82 74119 119 74176 75 420p 

4044 SOp 4510 99p CA3140E LM3900N 60p 5082- 7653 red CC · 74366 :~ 95H90DC 780p 
4045 150p 4511 149p 

35p 
5082- 7660 yellow CA 

3
3F 7448 56 99 74120 115 74177 78 74367 CA3140T 72p 709HC toS 64p 7449 99 74121 25 74180 85 4 

11 C90DC 1 400p 
4046 130p 4512 98p CA3160E 90p 709PC dil 36p 5082· 7663 yellow CC 2 74368 7~ 861 8 -new-divide 
4047 99p 4513 206p CA3160T 99p 710HC to5 65p 5082- 7670 green CA 7450 17 74122 46 74181 165 350 74373 

7451 17 24 74123 48 74182 160 by 100 or 10 
4048 6()p 4514 260p 710PC dil 59p 5082· 7673 green CC 74374 ~6 for 120/60MHz 
4049 55p 4515 300p Op amps 

723CN 65p 0.3" Standard HP 
7453 17 74124 74183 210 74375 

LM301AH 67p 7454 17 24 74125 38 44 74184 135 450p 
4050 55p 4516 125p 741CH to5 66p 
4051 65p 4517 382p LM301AN 30p 741 CN Sdil 27p 

5082- 7730 red CA }147p The lt:;L7216BIPI is still the cheapest way to make a full 8 digit/ 10MHz frequency counter/timer, 
4052 65p 4518 103p LM308H 121p 747CN 70p 

5082- 7740 red CC and w1th 10 external c_omp~nents + display · it is also one of the simplest. For £19.82, it takes a 
4053 65p 4519 57p LM308N 97p 748CN 36p 0 .5" Fairchild lot of beatmg. The mams f ilters have been extended now to include a 6amp I EC version at £5.10, 
4054 120p 4520 109p LM318H 279p NE531T 12Cp FND500 red CC 150p and with the amount of electronic noise on the average supply (next door's fridge, for instance) it 
4055 135p i 4521 236p LM318N 224 P NE531N 105o FND507 red CA 150p is a really worthwhile addition to any sensitive equipment. LPSN TTL now includes many more 
TERMS: CWO pse., VAT to be added at 8% (inland), pp 25p per order. When ordering from the of latest types, all · .of course · are absolutely prime fi rst quality types, And don t forget our range 
OSTS and Ambit · a single combined remittance and pp charge is sufficient. Account details OA. of OPTO displays includes Hewlett Package high efficiency 0,43" types in all colours . renowned 

2 Gresham Road, Brl!ntwaad, EsseH. 

as the finest quality in the market. For other types of component - d iscrete LEOs, radio and audio 
devices, tuner modules, kits etc., see our other advertisement for more details - or send for the 
AMBIT catalogue system. Part one (45p) includes details of our background 'standard' items and 
the new part two includes all the latest introductions and developments, plus a run~own on 6STS. 
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SHACKMAN 7000 
A lightweight Low Cost camera 
1) Choose it to hand hold with 

or 

one of ten interchangeable 
hoods allowing photographs to 
be made from most CRO 
displays 

2) By using an oscilloscope 
adaptor (from our range of 
over 60) custom made to fit the 
oscilloscope and our unique 
spacer body, the camera is 
permanently fixed during 
exposure and can be swung 
away for viewing 

THE SHACKMAN 
SUPER SEVEN 
A CRO camera to 
satisfy the most 
discerning engineer. 
A w ide choice of 
specification with 
interchang'eable 
features. Fits to a 
wider range of CROs 
than any other 
manufacturer's (over 
60 adaptors 
currently ava ilable) 

SHACKMAN INSTRUMENTS LIMITED 
C HE S HAM 

BUCKING H A M S HIRE ENGLAND HP 5 1N U 

TELEPHONE (02405) 4451 TELEX 8372 65 

Theimageofpenecdon 
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The exciting _new 
TRITON Personal Computer 
exclusively from 

WIRELESS WORLD . APRIL 1979 

Visual display uses standard SFF 96364 from Thomson-CSF 

Building a better computer wasn't easy-but we did it 

e Syst em Expansio n , using 
Triton 8 Slot Motherboard
complete kit of parts including 
PCB, transformer, component parts. 

£5Q (+ VAT) 

e 8K Ram Card (1 00 x 160 mm) 
for Triton, complete kit includ ing 

PCB&1621 L14. £97 (+ VAT) 

e 8K EPROM Card - .available 
Apri l '79. Standard Eurocard, 64 
way Din Bus. 

TRAlN~AM 
---------~ To TRANSAM COMPONENTS LTD . . 

12 CHAPEL STREET. NW1 

.. -----11 am interested 1n the Triton 

I Name ________________________________ ___ 

Address (please print) _________ _ 

1----------------
~ -----------------

I ~ 
BARCLAYCARD, ACCESS 
VISA & MASTER CHARGE 

Hu, ;,,. ;,h -.w... ARE WELCOME. SEND 

ORDER 

1. 

2. 

3 . 

4 . 

Please send me the following I A copy of your latest catalogu e D I enclose 30p S.A.E . 9 X 7 

AcopyoftheTriton Manu al D I I enclose £5 ' 70p P & P 

A complete kit of parts for 

I Triton Computer, £286 : VAT D + £4 p & p 

A Printed Circu it Board D I £50 + VAT & £1 P & P 
TOTAL ENCLOSED £. ............. . . 

L: 
YOUR CARD NUMBER WITH ------ - Cheque, Money Order, etc . _J -------

Complete kit of 
parts available 
only £286c+vAr) 
Basic in Ro m: a powerful2k Tiny basic 
resident on board, makes Tri ton un ique, 
easy to use and versatil e. 

Graphics : 64 Graph ic cha racters as well 
as fu ll alpha numerics. 

Single Board : Holds up to 8k of memory, 
4k RAM and 4k ROM, suppl ied w ith 3k 
ROM and 2k RAM. 

M em o ry Mapping: 2 mode VDU , 1/0 o r 
memory mapped for an imated graph ics. 

Cassette Interface : crystal controlled 
Modem tape 1/0 w ith auto start/stop + 
" named" fil e sea rch. 

UHF TV Interfac e : On board uhf 
modulator, plugs into TV aerial socket 

Comes complete with key bo ard . 
c ase, pow er supply, thro-ho le plat ed 
quality P.C.B, full d ocumentation, 
powerful1 k m o nito r & 2k tiny bas ic 
plus all c o mponents inc l. IC socket s. 
Note TV set & cassette not inc luded. 

Communicati ons Interface using slow 
speed modem at standard baud rates. 

e Th e Trito n TRI single board computer 
w ithout a case, keyboard & transformer 
can be used as a basic 8080 industrial 
board w ith f lex ible f irmware spec ifica ti on. 
Ideal for process control applications, it can · 
b e pu rchased for 

£23Q (+ VAT) 

All components can be bought 
separately and eleven packs can 
be purchased on an easy-to-buy 
scheme. See catalogue. 
The P.C.B. aloneis£50+VAT 
plus £1 for packing and postage. 
VATrateis8%onall kit 
components. 

lrRAlN~AM 
TRANSAM COMPONENTS lTD. 
12 CHAPEl STREET 
lONDON, NW1 TEL: 402 8137 
TELEX: 444198 
N EXT TO EDGWARE ROAD TU BE STATION MET LINE 
TRITO N COM PUTER IS TH E TRADE MARK OF 
TRANSA M CO MPON ENTS LTD . 

WIRELESS WOR LD. APRIL 1979 

The exciting new one page ASCII code 
DISPLAY INTERFACE MODULE. 
The SF KEX 68364 A1:1 exclusively from: 

33 

Based on the industry standa~d SFF 96364 from Thomson~_CSF 

The 96364 CRT controller chip 
A 1 024 six bit word size (at least) static or dyna,;,ic 
memory and a character generator (7 x 5) used w ith 
the SF. F 96364 allows it to change any TV set into a 
visual display for a computing system. 

This processor performs text refreshment, characters 
writing and cursor management on TV screen . 

An internal top generator ensures control of any TV 
set . SF.F 96364 A and 96364 AL are CCIR compatible 
(i.e. 50 Hz 6251 ines) . SF. F 96364 Band 96364 B L are 
US standard compat ible ( i.e. 60Hz 5251ines) . 
Line erasing, li ne end eras ing and other special 
functions capabilities make it stri ctly compatible with 
any comput ing system (computer or microprocessor) . 

Available ~ff-the·shelf from Transam 
at competitive prices 

TRAlN~AM 
r.-------- -------1' am interested in the 68364 Display card 

I Name _ ____ __________ _ 

Address (please pr int)_~---------

1----------------
I 
I ~ 

BARCLAYCARD , ACCESS 
VISA & MASTER CHARGE 

u,,. ""''h """'" ARE WELCOME. SEND 

ORDER 

ww 

To TRANSAM COMPONENTS LTD. 
12 CHAPEL STREET, NW1 

Please send me the following 

1. Data on t he KEX 68364 
I enclose SAE 9 x 7 

2. A complete assembled Display 
Interface Modu le, £69plusVAT 
(~) £1 P&P 

TOTAL ENCLOSED £. 

L: 
YOUR CARD NUMBER WITH .... _____ _ Cheque, Money Order, etc . .J -------ww .:_ 097 FOR FlfimER tiEr AILS 

Complete board :·_ ... 
_available ex-stock · 
Only £69(+VAT) . 
In many applications a computer or a microprocessor · 
transmits parallel data for display. The SF .KEX68364 
1 - 1 allows interface of a computer or a 
m!croprocessor with ASCII coded parallel output to · 
a standard TV set (6251 ines 50 Hz CCI R standard or 
5251ines 60Hz US standard) . ' 

The SF.KEX 68364 1 -1 is a complete 161ine by 64 
characters video interface. It includes a 1 k x 6 
random access memory, a 64 x 7 x 5 row scan 
character generator. and an SF.F 96364 video 
processor - in addition to the supplementary logic. It 
accepts data at TTL levels in ANSI standard ASCII, 
and provides a composite video output which can be 
directly connected to any standard CRT monitor. 

Power required by the SF KEX 68364 1-1 is -' 5 Vat 
approximately 350 mA. Video and synch levels 
(positive o r nega~i ve ) are switch selectable. 

The small physical size (90 x 127 mm) of the SF.KEX 
68364 1-1' as well as its simple power supply 
requirements mak e it easy to build the video . * 
tnterface nght tnto the monitor or keyboard en.clo!iure. 

SYSTEM OPERATION 
The SF.KEX 68364 1 - 1 responds to a large group of 
cu rsor control commands. These include : Erase page 
and cursor home, Cursor home, Erase to end of line 
and cursor return, Cursor return, Cursor left, Cursor 
right, Cursor up and Cursor down. In addition, an 
Erase line func ti on which does not affect the cursor 
position is provided . 

When the cursor reaches the bottom line of the 
display and a "l ine feed " code is activated, the entire 
display is shifted up one line (Automatic scrolling) . 
Additionally, a '.'Roll screen" command is available 
which causes the bottom line to be replaced by what 
was previously at the top of the screen, i nstead of a 
blank line as in Line Feed . 

The SF.KEX 683641 -1 card is furn ished w'ith a 
standard 20 pin flat ribbon connector. All 
connections to and from the card may be made 
through th is connector. 
Note that the video output line is situated between a 
number of ground leads for shielding . Only -! 5 V 
power is required, and all input signals are TTL 
compatible. 

*Keyboard and system enc losures are available 
from Transam. 

PROM programm ing service available on DATA l / 0 . 
See the 68364 demonstrated at our Showroom 
located near Marble Arch in London . 

T~AlN~AM 
TRANSAM COMPONENTS LTD . 
12 CHAPEl STREET 
LONDON, NW1 TEl: 402 8137 
TElEX : 444198 
NEXT TO EDGWARE ROAD TUBE STATION MET LI NE 
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The professionals' colour 
patten genentor 

- Full RF coverage: TV IF, Band 1- · 
111-. IV and V. 

- Electronic tuning and choice of 
six preset channels. 

- Synchronisation according to TV 
standard, also obtainable as 
composite and frame sync. 

- Adjustable Video, calibrated 
chroma/burst and variable RF 
amplitude .. 

Internal/external video and sound 
modulation. 

Linearstaircase signal with 8 identical 
steps combined with definition pattern 
of 5 vertical bars at 0.8- 1.8- 2.8- 3.8 
and4.8 MHz. 

Find.out more about the PM 5519 and the rest of the Philips audio and video service 
equipment range by requesting our new Service Brochure. 

Test & Measuring 
Instruments 

This pattern .generator is the finest 
available for precise measurement and 
alignment work on video equipment 
including domestic TV receivers, 
VCR's, VTR's, VLP's, closed circuit ana 
cable TV installations. 
Service technicians, video 
development engineers,. TV broadcast 
staff and lecturers will all appreciate 
the quality and ease of use of this 
compact but very versatile pattern 
generator. More than 20 patterns are 
available on six c.hannels frequencies 
using instant touch-button selection. 
The RF, video and trigger outputs are 
superior to many other portable 
generators and closely resemble those 
transmitted from your local TV station. 

I ~ Pye Unicam Ltd 
• Philips Electronic Instruments Dept 

York Street Cambndqe. England CBl 2PX 
· ~ ~ T '' c,mb,dgc(0223) 58866 T ''" 817331 

PHILIPS 
D OSCILLOSCOPES 10- 150 MHz 0 DIGITAL & ANALOGUE MULTIMETERS 0 CONVERSATIONAL DATA LOGGERS 0 RECORDERS CHART & X- Y 0 LF & RF OSCILLATORS D MICROWAVE EQUIPMENT 
0 DC POWER SUPPLIES & AC STABILIZERS D FREQUENCY COUNTERS & TIMERS 0 TV STUDIO & TRANSMISSION INSTRUMENTATION 0 PULSE GENERATORS 0 AUDIO & VIDEO SERVICE EQUIPMENT 

WW - 086 FOR FURTHER DETAILS 
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Full data and 
Free sample 

on request 

MCP Electronics Limited 
Station Wharf Alperton Wembley Middx. 

Telephone: 01-902 5941 

-WW- 07·'7 FOR F-URTHiiR DETAILS 
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AURA SOUNDS 
THE WERSI SPECIALISTS 

announce the opening of their 

NORTHERN SHOWROOM 
at 17 UPPER CHARTER ARCADE. BARNSLEY 

FOR 

®WEREil 
ORGANS 

D.I.Y. KITS 
LPs 

Catalogues and Price Lists-£1 .00 from 

AURA SOUNDS 
Copthorne Bank, Crawley, W. Sussex 

Telephone: 0342 713338 

TURNOVER PCB 
ASSEMBLY HOLDERS 

* MountPCB 

I 
* Insert components 

* Close lid and turn 
holder over· 

* Components held by 
sponge lid 

' 
* Components legs 

ready for cutting, 
clenching and 
soldering . 

Adjustable for different board sizes. 
· Three sizes available for maximum board areas: 

270 X 220, 500 X 220, 750 X 220 mm 

Antistatic models available 
Component lead preforming equipment also available 

Demonstrations and catalogues on request 

ERASER INTERNATIONAL L TO. 
3 HAMPTON COURT PARADE· EAST MOLESEV 

SURREY KTS 9HB · ENGLAND 
Telephone: 01-9798141/2 Telex: 928698 . . . . ' . 

WIRELESS WORLD, APRIL 1979 

1-r I RADFORD} 

AUDIO MEASURING 
INSTRUMENTS 

Oscillators . . 
LD03. Low Distortion Os.cillator .. . ... . .... £300.00 
LD038. Low Distortion Oscillator, balanced output 

... ' ........ . ... .... : . ' ... ... . . ' . . £400.00 

Distortion Measuring Sets 
DMS3. Distortion Measuring Set, manual nulling£250.00 
DMS4. Distortion Measuring Set, auto-nulling £350.00 

Voltmeters 
HSV1. Audio Microvoltmeter, av'erage responding 

. . ................ . : .. . .. . ... . .. £175.00 . 
HSV2. Audio Microvoltmeter, true r.m .s. reading£225.00 

Noisemeters (psophometers) 
ANM 1. Audio No-isemeter and M1crovoltmeter, 

average responding . . . ..... .. .. . . .. . £200.00 
ANM2. Audio Noisemeter and Microvoltmeter, 

truer m.s. reading . . . . . . . £250.00. 
ANM3. Audio Noisemeter and Microvoltmeter, 

true r.m.s. and quasi-peak respondi~g . . . . . . . £300.00 . 

Descriptive leaflets available on request. 

. RADFORD LABORATORY IN·STRUMENTS LTD. 
4 High Street, Nailsea, Bristol BS 19 1 BW 

Tel. 02.755-6637 

. 7 HUGHEN DEN ROAD, HASTINGS, SUSSEX TN34 3TG 
. Telephone: HASTINGS (0424) 436004 

UK677 KIT 

Stabilized Power Supply 
Variable Voltage 0-20v = 2 .5 amp 
Variable Current Limiting 
LED Current Limit Indicator 

. Calibrated Metering for Current and Voltage 
Load Regulation 0.1 5% 
Ripple . < 1 mV 
Input Voltage 115-220-250 v A.C . 50 -60Hz 
All Aluminium Cabinet 

£36.73 +VAT 
Trade and Export Enquiries Welcomed 

WW~087 FOR FURTHER DETAILS 
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I OLSON I MIN/CASES 

Case Case Chrom~ 
with vents leg 

1 5 .88 .15 
22 8V2" 5%" 6 .50 1.15 
23 10V2" · 6V2" 7.70 1.30 
24 12V2" 7V2" 7V2" 8.45 1.30 
25A 6V2" 4V2" 4%" 5.60 6.20 1.30 
258 6V2" 4V2" 61/.1" ' 6.00 6 .60 1.30 
26A 8 34" 5%" · - 61.4" 7 .90 8.50 1.30 
268 8%" 5%" 81.4" 8 :25 8 .85 1.30' 
27A 121.4" 7%" 5%" 8 .65 9.35 1.30 
278 121.4'' 7V2" 8" 9.35 10.05 1.30 
.28A 14" 10V2" 6%" 10.20 10.90 
288 14" 1 0%" 8%'1 11 .1 5 11 .85 
29A · 10" 4" 611 7 .15 7.75 1.30 
298 10'1 4" 8" 7.53 8 .13 1.30 
30A 12" 5" 6" 7.80 . 8.50 1.30 
308 12" 5" 8" 8.15 8 .85 1.30 
31A 14" 6" 6" 8 .50 9.20 1 .30 ' 
318 14" 6" 8" 8.93 9.63 1.30 
61 15V2" 7V2 11 9Y2" 13.00 
62 1 7 Y2 11 8V2 11 9Y2 11 .15.00 
63 16V2" 9Y2 11 9V2 11 15.00· 
64 15V2" 7Y2" 12V211 .15 .00 -
65 17V2 11 8V2" 12V21' 17.15 
66 1,6V2" 9Y2" 12V2" 17 15 

Po ra 

INSTANT TRUNKING SYSTEM! . 

Ready to use. Internal wiring suitable for 30 amp 
TR6- 6 sockets switched £21.50 
TR9 - 9 sockets switched £25.50-
P&P £1.85 +VAT 

PORTABLE POWER DISTRIBUTION 
FOR INSTANT MAINS! 

NEW! 1 0 sockets switched 
in sloping box · .·.·· .· . ... .. .. ... . . . 

Type 13A!lOSW £27.50. P&P £1.85 +VAT 

• , • • • • • • , • • COMPLETE WITH 6FT . CABLE AND 13 
• • • • • 1AMP FUSED PLUG ' 

4 sockets 13A 
·6 sockets 1 3A . . . ... . . 
4 sockets 1 3A switched 
6 sockets 1 3A switched ... 

£12.15 
£14.30; 
£13.751 
£15.95 

All DISTRIBUTION PANELS ARE FITTED WITH MK SOCKETS & PLUG 
Send for details of complete range+ postage 85p each+ 8% VA. T. 

OLSON ELECTRONICS LTD., FACTORY NO.8, 5-7 LONG ST., LONDON E2 8HJ 
TEL: 01,739 2343 

WW-082 FOR FURTHER DETAILS 



38 WIRELESS WORLD. APRIL 1979 

------------------------- - ---------- - --- - - -- -- -----
Please send me. details 
0 Sound reinforcement/ 
public address equipment 

0 Theatre sound equipment 

0 Hospital distribution 
and nurse call systems 

I! 
: •... "~· .... ".· .. '. 0-t-·r.··->>····: .. )·····.··.·· .. : .. 

~ -~ .. ·. 

\ ··;;'· ... :.,.. E5 ..... 6 •• ~ ., 

T 
Si451 . Millivoltmeter 

'(:)'''·'" 
~ • 

0 Intercom systems, 
commercial & industrial 

Name 

I 

0 Hotel entertainment systems Address 

0 Simultaneous interpretation 
and conference systems 

BUild any Project· Fast and Easy 
It's the new deal for project builders from Lektrokit! A complete new 

range of breadboarding and testing devices. At prices anyone can afford. 
For any project anyone could want to build- from one-chip simplicity 

to 1,000-chip complexity. 
It's fast and easy project building, too. You simply push 

components in and pull them out. No soldering, no de-soldering, 
no chance of heat damage. You can make <;~esign changes 

instantly, keeping full leads on components. 
In fact, with Lektrokit, you can build a project as fast as you 

used to sketch a layout. And a lot more easily. 

LEKTROKIT 
completes the circuit 
See Lektrokit at one of the Lektrokit 
dealers near you. There's bound to be one 

· they're springing up everywpere. Send for 
the name of your nearest- plus FREE full
colour catalogue- to: 

Lektrokit Ltd., Sutton Industrial Park, 
Earley, Reading, Berks RG6 lAZ 
Telephone 0734 669 116 

WW- 060 FOR FURTHER DETAILS 

JES AUDIO INSTRUMENTATION 
Illustrat ed the S i453 Audio Oscillator 

SPECIA L FEATU RES: 
* very low d istort ion content- less than 0 03% * an output conform~ng to R IAA recording characteristic * battery opera t ion for no 'ripple or hum loop * square wave output of fast rise t1me 

'£70 .00 

also available 

Si452 Distortion Measuring Unit 

* 20 ranges also with variable control permitting easy reading of * low cost distortion measurement down to 0 .01% with comprehen-
sive facilities including L.F . cut switch, etc. : . £56.00 

relative frequency response £70.00 
ALL PRICES PLUS VAT, 

J. E. SUGDEN & CO. LT D., CAR R STR EET , CLECKH EATON . W. YORKS. 8 01 9 5 LA. Tel. 0274-87250·1 

WW-OZ3 FOR FURTHER DETAILS. 
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7 5G KEY BOAR D 

* Intended fo r professional micn;>
processor applications. 

" This one Keyboard will meet most. 
present and future requirements. 

* Full 128-character ASCII 8-bit code 
* Tri-mode MOS encoding . 
* Applications notes for auto repeat, 

numeric pad, serial output. 
* Upper and lower case characters 

generated by keyboard with latching 
shift-lock. 

* Selectable polarity. 
* Size 305 X 140 X 32mm 

·(121/4 X 6112 X 111• in) 
* MOS/DTL/TTL compatible outputs. 
* New gua~anteed OEM grade com

ponents. 
* Needs +5 and -12V supply 

f MODEL 756 
FULL ASCII ' . LOW COST! 

Fully · 
KEYBOARD. Assembled 

NU M ERI C K-EYPAD 
* Alpha lock . 
* Extra loose keys available. 
• Supplied complete with full 

.---""!!"'~.....,-..... -------....;..--. technical data . _£49.90 + VA. T * Rugged "mif spec. G-10 PCB 
Also available . -- with plated through holes. 

* 2-key roll-over Numeric keypad- interfaces with 756 
DC to DC converter to give - 1 2V 
(Mounts direct on 756 P.C .) 
Plastic enclosure type 701 
Gold plated edge connector type 756/:;~!1 

.. . £7.50 
.... £5.00 

. £10 .75 
.. . ' £1 .95 

G,enerous Quantity Discounts Available 
, U.K. orders add Bo/o VAT on order total. 

All U.K. enquiries to 
CITADEL PRODUCTS LTD. 

50 High St. , Edgware, Middx. HAS 7EP 
TeL : 01-951 1848 

* DC level and pulse strobe signal 
. for easy interface to any 8-bit 

input port microprocessor system, 
video d isplay or terminal board . 
Strobe pulse wid th 1 ms. 

* · User selection of positive or negative 
. logic data and strobe output . 

· ·CJ' ~. r#ll$ll%lf61r:lr<l_ r-flll. f*ll=lfRYl.Rs r=.l. IL!_jl_U~L2_j~~L!jL:_jL=_jl!_jL_j 
* Board has space for small low 

cost DC/ DC converter so 
that entire unit operates off 
single 5V rail. 

EEJ~~0~W0EJWEJ 
EJ0LiG0liJG00~1 :.I DEL _IWW 

Carter Associates 
P.O. Box 11262 VLAEBERG 
South Africa postal code 801 8 

OUARTZ 
CRYSTAlS 
-fAST! 

§JEJliEJ c I v I B 10GU0DJEJ. 
WW-028 FOR FURTHER DETAILS 

carbon film RESISTORS 
ON BANDOLIERS OR PREFORMED 12.5mm 

AT NO EXTRA COST 
. __ _ .......,. 

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

·---·........ ............ _ 

AERO SERVICES L TO. : .. 

"m L 
AELCRYSTALS LIMITED . 
Gatwtck House, Horley, Surrey, England RH6 9SU 
Telephone : Horley (02934 ) 5353 Telex: 87116 (Aerocon Horley) 
Cables: Aerocon Telex Horley 

42-44A-46 Westboume Grove 
London W2 5SF 
Tel. 01-727 5641 ·Telex 261306 , 

W\Y -:__0_$6 FOR FURTHER DETAILS 

THE MOST COST EFFECTIVE FREQUENCY COUNTERS 
-;;;;;g:=::::....:;~~'""""' ALL COUNTERS SUBJ ECTED TO 500-HOUR SOAK T EST AND CRYSTAL AGEING 

OFF/AIR FREQUENCY 
STANDARD TYPE 103 

1OM Hz, 1 MHz 
. Stability 1 part 108 £108 

TYPE 102 CRYSTAL 
FREQUENCY 

Standard 10MHz. 1 MHz. 100KH z 
Stability 5 parts 1 QlO £135 

~~------~--~F~R~E~Q~~UENCYCOUNTERTYPE801B 
CRYSTAL ovEN STABILITY 3 PARTS 1 o9 

401 A 50MHz 6 Digit £ 150 
501 50MHz 8 Digit £192 701A 80MHz 8 Digit £210 
801 B/M 250MHz 8 Digit £ 280 901 M 520MHz 8 Digit £395 
Memory versions available if not 1001 M 1.2GHz 8 Digit £670 
suffixed M £ 30 ext ra Start/ Stop versions Plus £ 18 

SUPPLIERS TO: M inistry of Def ence, G. P.O., B.B.C., Government Depts .. Crystal . 
M anufacturers and Elect ronic Laboratories world-w ide f or 18 years. 

LED COUNTERS 
302 50MHz. 5 digit £108 
All standard counters in cen 
tre column now available as 

the 02 Series with LEOs. 
STABILITY.5 PARTS 107 

ELECTRONICS, 6 WOLS-EY ROAD, ASHFORD, MIDDX. ASHFORD53661 
WW- 099 FOR FURTHER DETAILS 
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PLEASE SEND ME MORE DETAILS AND PRICE 

NAME 

. ADDRESS 

fl POST THI~· ~~-~-~·0·~ ·N·~~ ~~·:·.. .. WW 

T AD COLA PRODUCTS L TO. AD COLA HOUSE. GAl) DEN ROAD, ~ 
LONDON. SW4 6LH Tel 01-622 0291/3 Telex 21851 ADCOLA II. 

·~~~~~~~~~~~~~~~~~~~ 
_ ww..:..:~!8 FOR FURTHER DETAILS -

NEW TESTER wehavea 
Designed for fast in-circuit testing , new DATEST 2 
tests transistors, FETs, SCRs and Triacs even when 
shunted by resistors as low as 20 ohms. 

wide range 

It will usually test every device in even a DC coupled 

AF pow~r ~mp_ or m a colour TV (except line o/p) 
Whll& Still In CirCUit,. 

Automatic NPN I PN P indication, foolproof three-LED 
display, and unique test-probes allow a very high rate 
of testmg even by unskilled users. 

Other features include long battery life, low battery 
warnmg, rugged d1e-cast case, reliable six-I C circuit . 

Best news of all. DATEST 2 is affordable and available 
from stock. 

at our fingertips 

ONLY £39.50 
+VAT (8%) 

WITH PROBES 

Full data sheet free on request. 

"DATONG ELECTRONICS LIMITED 
FUTURE FILM DEVELOPMENTS 

ttl Spence Milia, Mill Lane, Bramley. Leeds LS13 3HE 
Telephone: Pudaey (0532) 552461 

WW-0~2 FOR FURTHER DETAii..s-

36/38 Lexington Street, London WlR 3HR 
TelephoneOl-437 1892/3 • Telex 21624AlOFFD G 

b 8-digit universal 
ww- 051 FOi{FURTHER DETAILS 

· ~~,,,,;~,~~~~~te~~~~~' 0 of 
f~I<)UfN(Y . tromOIIIttolOMHtll>OMIItwothpr~· ,.,.,d.:~~" A g5 "A 
I'IRIOD trc. m, o >no" ""' ''"'"htolo~ 1' "£,4-"Y• \ cA9 ,'-t 

. _ ro ·,ol ut oon o t tl I 11111 ro ~i, 0 ~ \.."' \ ota 1J 

IIMIIN I IRVAIS wolh.JU 1 on 11 rc"'"'""d'D'' ' a..\Q"" \JP..'· 
f IH (~LJI ,\IC 'r RA 110 lwt\'\t't•n two 1nput-. . ,, &. f> + 
11-()ICII IO I AII)INC oount,opto IUOonolloon<'\<'llh - A A2 V~l 
full dPlrtd\ ol fh1.., ,1nd m.my ~ £; ,!,(. l'l\ p 

I :::J 3 U - 1- I 8 
lL 1':J0 II 

• 

othpr hr,tnd rww drgrt,d ch'>pldy ( Ollllft •r I t/lll'r £54.95 b 41J 

prodla h .Hf' grvt-n 111 Nt•w Produ< t 1 'lll ,\H It l'r!'.,t dlt•r 11 qt; 1 1 q 

BLd lt>ttn No i .\1ount~rlg Ht·,q·J \'IS 0 I'J 
LASCAR ELECTRONICS LTD, P 0 BOX 12 SECOND AVENUE 
BILLtRICAY, ESSEX Tel Bdlenray(02774)3394 

------------------------ww- 062 FOR FURTHER DETAILS 
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NOT EVERY CABLE 
HAS A LABEL 
Everyone who works with electricity needs to k, ow a~ 
some time or other what's going on inside the cable he's 
handling. What voltage. What current. What resistance. 
Not knowing the answers, or worse still having 
inaccurate answers, can make life difficult, even terminal., 

Eagle Test Equipment gives the right answers 

The range covers general multi meters, high voltage 
probes, clamp meters, insulation testers. 
.Here are just four. Send the coupon for details of all 
the rest. 

KEW 7 Multimeter 
1000 OPV. DC volts up to 1000, 
DC amps up to 100 mA. AC 
volts up to 1000cResistance up 
to 150 Kohms. Pocket size. 
"Off" damping. Complete with 
leads & battery. R.R.P. £6.95 
ex. VAT. 

EM 1200 Multimeter 
100,000 OPV. Taut band 
movement. Overload 
protection. Reversible DC 
polarity. AC amps :. 15, AC 
volts to 1500. DC amps up to 
15, DC volts to 1500. 
Resistance up to 200 
megohms. R.R.P. £49.95 
ex. VAT. 

. ~ . . . . 
K1400 Multimeter 
20,000 OPV. DC and AC volts 
up to 5000. DC and AC amps 
up to 10. Resistance up to 20 
megohms. "Off" damping. 
Overload protection . R.R.P. 
£79.35 ex. VAT. 

EM10,20 & 30 Multimeters 
10,20 & 30,000 OPV. All with antiparallax 
mirror scale. DC volts to 1000 (1200 for 
EM30). DC amps to 250 mA (600 for 
EM30). AC volts to 1000 (1200 for EM30). 
Resistance up to 6,5 and 60 megohms . 
respectively. R.R.P.'s EM10 £13.50 
EM20 £17.25, EM30f20.75 ex. VAT. 

Test Equipment: EAGLE 
Please send me details of your complete range of Test Equipment. ~ 

Name ____________________________ Company ________________________ _ 

Address __________________________________________________________ ___ 

E AjGLE INTERNAJIQNAL Precision Ce~tre, Heather Park Drive, 
M Wembley, M1ddlesex HAO 1SU. 

WW4 

--------------------~ WW-080 FOR FURTHER DETAILS 
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PHILIPS 
I AIWA D555 ,.,' . .. .A AH985 .A TANDBERG AD 1250 o _· D560 .A AH988 .A TCD320 .A AD6350 A D580 .A AH989 .A TCD340A .A AD6400 .A D850 0 AH993 .A TEAC AD6550 .A •. D900 0 AH994 0 A 103/6/7/8/9 .A AD6600 .A TRQ247 - • PIONEER A300 .A AD6800 .A TRQ299 ... • CTF700 .A A303 .A AD6900 0 In CTF900 .A TECHNICS AKA I ST65 • CTFlOOO 0 M22 .A GXC702D Mkll .A ST720 • CT500 .A M33 .A GXC704D .A HiFi8021 .A CT606 .A M56 .A GXC706D .A JVC PYE M85 .A GXC709D .A CD 1635 Mkll 0 1605 .A RSM75 .A GXC725D - 0 CD 1770 0 3537 .A RS631 .A GXC730D .A KD55 .A 6000 .A RS641 • CS34D • KD65 0 SAN SUI RS673 .A AMSTRAD KD85 0 sc 1100 .A RS640USD .A 7050 .. • KD720 

' .A sc 1110 .A TRIO 7060 • KDA3/5/8 0 SC2002 0 -KX 530 .A 7070 • NAKAMICHI SC2100 .A KX830 .A EX700 • DT350 .A SC2110 .A KX 1030 .A B&O NATIONAL PANASONIC SC3000 
-'- 0 TOSHIBA Beocord 1900 .A RQ312DS .A SC3100 .A PCD 15 .A B~;!ocord 5000 .A RQ2106 • SC3110 .A PC230/D .A DUAL RS612US .A . sc 5100 .A PC335 .A C809 0 PHILIPS _ SAN YO PC530 .A C819 0 N2213 • M2522 • PC3030 .A GRUNDIG N 2215 • RD4028 0 PC4020 .A CN830 0 N2228 • RD4260 0 PC4030 .A CN930 .A N2233 • RD 5150 .A PC5060 .A CNlOOO 0 N2234 • RD5300-2 0 PC5460 0 CNF250 • N2501 0 RD5500 0 PC6030 .A CNF300 • N2511 0 RD5600 .A UHER CNF350 • N2515 0 SONY CR240 • HARMAN KARDON N2520 0 TC 158SD 0 CG310 • HK 1500 .A N2521 · 0 TCK 7A/8B 0 CG340 • HK2500 .A N2534 0 TCK 1 0 CG362 • HK3500 0 N2538 0 Tcu2 0 YAMAHA HITACHI N2541 0 TCK4 0 TC520 .A D.220 • N2543 0 TCK5 0 TC 511S · .A 0440 0 AH970 • TCK6 0 0550 .A AH979 ' .A TCK60 0 

PhiliP.s present a biased 
gu1de to cassettes. 

. Naturally we feel that our cassette tapes are the best. Mter all, we invented the 
compact cassette. But this has not led to complacency. There are now five PH 

1 
Ll PS 

Phibps cassettes available from your audio dealer, aild the chart above 
shows which one is best suited to each cassette deck. e 

Bu~don't take ourwordforit. Try a Philips cassette in your machine, . 
and draw your own conclusions. _ _ 

PHil.fPS • 
~ 

• low noise tape. · 
Balanced output 

and response. · 
II Hish output. l ow 

noase. Suitable for 
machines with low bias 
settings. 

• _. , .. Hish output. low 
A noase. Suitable for 
ma~hines with higher 
bias settings. · 

WW-067 FOR FURTHER DETAILS 

Simply years ahead 

Q Chromium Dioxide 
coating. Improved 

high frequency 
reproduction. 

: '" PHILIPS 'f l ~?' FERRO ~ - . - - 1 

l CHROMIUM ••••• eeeee !*-, .. ,. .. ••••• 
0 Combines the best 

characteristics of 
Ferric and Chromium 
Dioxide tape coating. 
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Micro mania 

The government's plans to encourage 
microelectronics, announced last year, 
are most welcome. Not only are they 
helping the development and 
manufacture of integrated 
semiconductor devices within the UK 
electronics industry to the tune of £70 
million spread over five years; they are 
also encouraging the whole of British 
industry to apply microprocessors to 
plants in the UK to make them more 
efficient and to the design of new 
products to make them more 
competitive than earlier ones on world 
markets (initial support £15 million). In 
all this they are backed up 
enthusiastically by the semiconductor 
chip manufacturers and the organizers 
of private courses and conferences on · 
microelectronics . 

On the face of it this is all good news . . 
The campaign does, however, carry 
with it all the dangers of over-selling 
that we saw in industrial electronics in 
the 1950s and in computers in the early 
1960s. When some people discovered 
the limitations of what they had 
bought -maybe in performa~ce, 

reliability or suitability to thetr needs 
- their disappointment led to an 
over-reaction against the new 
technology and the net effect was a 
setback for electronics and computers. 
A more considered approach by the 

· campaigners would have had better 
results. . 

At the moment microelectronics is 
being presented as abrand-new . 
technology which ha~ suddenly ?r:tved 
out of nowhere, when of course 1t IS 

simply electronics in modern dress and 
qualitatively can do no more than the 
old-fashioned electronics with valves 
and discrete transistors could do , 
namely the transmission and 
processing of information. The · 
microprocessor is being presented as a 
miraculous invention which by itself 
can transform British industry 
overnight if only people will use it. 
That it needs software which is 
becoming increasingly complicated and 
expensive to provide, that it will · 
probably need storage, interfaces and 
other supporting electronics, and that 

the design problems and cost of th.e . 
electrical or mechanical system withm 
which it must function will probably 
exceed those of the electronics 
hardware many, many times, all these 
facts and other difficulties such as 
labour relations are not being given 
proper weight in the propaganda. ~rom 
what he has gathered so far, a typical 
factory mamiger might well think he 
only has to send the works electrician 
on a fortnight's course to get boned up 
on these microelectronics gadgets for 
the firm to leap dramatically into the 
technological age in one bound and 
astonish its rivals with its efficiency. 

As we know, higher productivity is 
brought about by technical changes in 
methods of manufacture, but these are 
taking place on a broad front and 
include a variety of things such as 
better organization of work and the 
use of new materials. Productivity is 
improved not only through the 
reduction of labour input for a given 

' product output but also by increasing 
the utilisation of capital equipment and 
reducing the wastage of raw materials. 
A recent American study on the 
prospects for "intelligent electronics" 
in industry has shown that since about 
95% of the time that material spends in 
a factory it is idle either in stores or in 
transit, much more can be gained by 
properly organizing the overaH 
manufacturing process than by 
applying electronic automation 
systems to individual machines on 
which the material remains for only 5% 
of the time. 

This is not to denigrate the benefits 
that electronics- sorry, 
microelectronics - can bring to 
industry. But it will be better served 
when it is clearly defined to the layman 
as e'ssentially an information . 
processing technique and firmly put in 
perspective along with developmen.ts 
in other engineering fields - electncal, 
mechanical, chemical, hydraulic and so 
on -which it complements but does 
not displace. In this way expectatio~s 
will not be raised too high nor dashed 
to the ground too soon. 
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A scientific computer - 1 
Powerful design uses two microprocessors and BURP, a new high leve l langua~e 

byJ. H. Adams, M.Sc. 

This series of articles describe a complete 
scientific computer which is based on two 
microprocessors. Unlike conventional 
mini and microcomputers which rely on 
large and expensive memories for 
complex subroutines, the present design 
uses a Z80 to handle the g~neral 
processing and leaves the "number 
crunching" to a MM5 71 09 
microprocessor. This second device 
contains all of the algorithms necessary 
to execute standard mathematical 
functions. The basic design uses 8K of 
memory although this can be easily 
exp~nded to 32K. 

The series will aiso describe tests and 
diagnoses, together with the computer's 
operation, both in machine code and the 
high level language BURP . Games, 
mathematical and financial programmes 
will also be given, and the series will 
conclude with several options including 
graphics and symbolic displays, graph 
plotting and an e.p.r.o.m. programmer. 

Ck 
Number 

~ CO~PUTER, to quote the.dictionary, _ 
I~ an apparatus for making calcula~ 
_twns or controlling operations that are 
expressible in numerical or logical 
terms". With the advent of the micro
processor it has become possible to 
build low cost computers but, as in 
dustry has demanded, the majority of 
these devices are designed with the 
controlling-operations aspect of com
puting as their particular forte. There
fore, as numerical calculators, they are 
rather limited, and this has led to many 
disappointed owners of development 
kits who find their idea of micro
computers and that of the kit manufac
turers are poles apart. 

To meet the needs of such buyers, i.e. 
a system that can do sums and com
mun!cate i~ a language based upon 
English, vanous versions of the langu
age BASIC (Beginner's All-purpose 
S~mbolic Instruction Code, a program
mmg language devised in 1964 by the 

Sync Video 

zeo L,......._l vo----L......u t 
Cruncher • Circuitry Ck ~ R/W Circuitry 

. .,_\. WR NMI-.. 
I lines Dolines '1-----....t iNT ~ HLT"--
POR ROY D D MREQ A A r--
HOLD ~ \ 0- 7 iORQ 0 '15 

~~rf' 
16 

7 2 12 

Americans Kemeny and Kurtz) have 
been produced, ranging from Integer 
Basic, the mathematical applications of 
which are limited to computer games 
and the like, to quite complex versions 
which are able to handle floating point 
numbers and to perform several mathe
matical and trigonometrkal operations 
on those numbers. These operating sys
tems need computers with large 
memories, not for running large pro-

Fig. I. Block diagram of computer. 
Control and data buses are buffered 
as they leave the Z80, while buffering 
f?r t~e address bus is in the memory 
czrcuztry. Five buffered serial inputs 
and one buffered output are available 
fo: external add-on circuitry, together 
~zth three output and five inp4t select 
szgnals which may be used to latch 

·data off or buffer it on to the data bus. 

Memory 
Circuitry 

3 " 14 

Data l 
-~--~--~------.._f"" ____ .__-t--t-+-+---+-~tp-~+-----+----..._.L;..._L control Buses 
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'3 

o 11 21 31 4t51 6l ... 7_n _ __, 
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'----v------1 
From keyboard 
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r-J input Buffert----..&....:~ 

. ! 11 
() () 6 

l 1 

D 
7 

'-----v---J 
To PROM programmer 
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. Specification 
Commands available Functions 
LOAD Loads program lin.es into memory. 
·ADD Adds program lines to those already in memory. 

+, -, +, square, square root, log, 10". In (nat log), e", sin, cos, tan ; 
sin- 1, cos-1 tan- 1, y", 1/x, 7T, degree to radian conversion and : 
vice-versa .. DEL n Deletes program line n. 

RUN n Runs from program line n. 
MOD* Convert~ Print statements to Write and vice-versa. (For 

Variables 
Range 
Program lines 

26, denoted by A to Z. 
10 - 99 to 9 x 1 0 99. 

LISTn 
DUMPn 

use with second output device.) 
Lists from program linen. 
Lists on second output device. 

Statements available 

Up to 254, or the limit of the read/write memory. 

Print capability 
Automatic switching to scientific mode on results greater than 10 9 or 
less than 10 - 4

• 

Input; Print, Write, For, Next, Goto or Go, If, Then, Gosub, Return, 
Top Erase, Halt, Let. 

Printed figures may be tabulated or close-packed, to any number of · 
decimal places from 0 to 7. 
Automatic rounding occurs on results abbreviated in this way. 
Alphanumeric data ·may be interposed with printed variables. Write is the print command for a second output device, such as a 

teleprinter. 
Input/ output · Top clears the top line of the v.d.u. and sets this as the next printing 

position. Input via ASCII encoded keyboard. 
Erase is similar to Top, except that the whole screen is cleared. · 
Halt stops execution until any key, except FS or RS is depressed. 

Output via v.d.u. of 32 lines, 64 char/line. Separate video and sync · 
signals to 625 standard. · 

Mathematical capability 
Calculates to 8 figures plus 2 exponent digits. 

'grams, but for storing the mass of in
formation required to instruct the logic 
oriented microprocessor on how to be
have as a number oriented device. 

The aim of this project was to pro
duce a computer with extended mathe
matical capabilities and avoid the need 
for such heavy investments in memory 
i.cs. This has been achieved by using 
two processors, the Z80 standard 
microprocessor which takes the 
dominant role as the processor of data 
moving around the system, and the 
MM57109, a number-oriented processor 
which handles the calculations. The Z80 
has been well covered in this and other 
journals, but the MM57109 may be less 
familiar. This device appears to be a not 
entirely successful transplant of a 
scientific calculator chip into the world 
of data buses and memories. It can 
perform most of the standard scientific 
calculator functions and, in common 
with many such devices, it uses a 
sequence for instr:uctions known as 
Reverse Polish Notation. This · system 
differs considerably from the standard 
algebraic notation, and is based upon 
the logical idea that the instructions to 
be performed or, in the case of a calcu
lator, keys to be pressed, should be 
listed in the order which they are to be 
performed. For example, consider the 
calculation c = v(32 + 42). The first 
operator following the equals sign is the 
last operation to be carried out and yet 
the last, brackets, is not the first. The 
actual order of execution is in fact quite 
complex, and the more complex the 
expression to be solved, the worse 
things become. The algebraic sequence 
would actually be 3, sq, move to 
memory, 4, sq, + , memory recall, = , 

root. In algebraic BASIC, the computer 
line would be, ~ LET C = (3f2 + 4t 2) 0.5 
where t means raised to the power of. 

However, a simple RP calculator 
would execute the operations in the 

Optional output to teleprinter. 
300 baud f.s.k. input/ output, using tones of about 1200Hz and 2400Hz, 
for the storage and retrieval of data via a tape recorder. 

I 

I . . 

sequence whi1h the operatbr would. 
follow, ie, 3, sq, store, 4, sq, recall, + , 
root. In practice this is even simpler 
because calculators and the' MM57109· 
have a stack of registers, each capable 
of holding a number. In the MM57109, 
this stack consists of four registers 
called X, Y, Z and T for top. Data enters 
and leaves via the X register, but may ·be 
pusl'led up into the stack either for 
temporary. storage, or to take part in a 
two number operation involving the 
contents of the X and Y registers (e.g. 
YX which calculates the Y number to 
the Xth power). There ar~ specific in
structions which move or exchange the 
contents of the stack registers to 
facilitate cafctifations; however, the 
system ensures that in normal use of the 
language, numbers are pushed or ent
ered into the stack as and when 
necessary. As RP is a step-by-step sys
tem, no brackets are required, and in the 
expression originally considered the RP 
BASIC version or' the computer line / 
would be 

LET C = 3 SQ 4 SQ = ROOT 
Some other examples ()f-calculations 

and the stack operations are given in 
table I. In my view, having used both 
types of notation, the Reverse Polish 
wins every time. For this reason a new 
language was formed for the computer 
Basic Using Reverse Polish or BURP. 
Hardware 
The block diagram of the computer in 
Fig. 1 follows standard microcomputer 
techniques, with an eight wire data bus, 
a sixteen wire address bus and a four 
wire control bus which interc~:mnect the 
various elements of the computer. The 
majority of lines in this design are active 
low, ie, for an i.e. output, they go to the 
low state when the particular output 
iabei is occurring, e.g. HALT on the Z80· 
goes low when it is in the HALT concH_: 
tion, WR goes low whenever the Z80 
wants to write some information into· 

the memory. With an input, that input 
must go low for the input label to occur, 
e.g. INT needs to go low for the Z80 to 
be interrupted. An active low label is 
identified by a bar over it. 

· To describe the operation of the c.p.u. 
shown in Fig. 2, it will be helpful if some 
aspects of microprocessor operation are 
discussed. The Z80 can execute a reper
toire of 158 groups of instructions, of 
which there are about 600 in total, and 
these instructions are read in through 
the data bus of the system as 8-bit words 
or bytes. The reading in, or writing out 
of bytes from or to memory locations or 
input/ output devices is controlled by 
the four processor output lines RD, \VR, 
MREQ, lORQ. For example, a low Rb 
and a low MREQ output from the Z80 
indicates that it wants to read in a byte 
from a memory location, whereas a low 
\VR and IORQ means that it is writing a 
byte out along the data bus to an output 
device, such as a teleprinter. The ad
dress of the memory location, which is 
'stored in a 16-bit register within the Z80, 
known as the program counter, or · 
code number of the input/ output de
vice, is simultaneously sent out onto a 
second 16-line bus by the Z80. External 
circuitry selects which memory location 
or device is coupled to the data bus for 
that particular Z80 operation. When pin 
26 RESET,. of the Z80 is taken to OV, the 
program counter ·is cleared, and when 
pin 26 returns to 5V, the Z80 begins by 
reading in the data byte in memory ·· 
location 0, executing it as an instruc- · 
tion, increasing the program counter by 
one, and reading in the next byte from 
memory and so on. Thus, the memory 
will contain lists of instructions to be 
executed sequentially, intersperse-d 
with bytes of data which are required by 
some of them. The Z80 will then work 
its way through these lists or programs: 

The instructions cover such opera
tions as LOADS, which move bytes_ 
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between registers within the Z80 or the 
memory. Logical and arithmetic func
tions, usually on the contents of the A 
'register of the Z80. JUMPS, which, by 
feeding two new 8-bit bytes into the 
program counter register, cause the 
sequence of instruction execution to 
jump to a different point in the program. 

And CALLS, which are similar to jumps 
except that the old program counter 
contents are kept in a last-in first-out 
store in the read/write memory of the 
system, to be restored to the program 
:counter on execution of the Z80 in
struction RETURN. Calls are particu
larly useful whenever a certain block of 
·instructions need to be used at several 
points in a program. If the instructions 
are written once in a program with a 
return instruction at the end, the block 
may be called at any point during the 
rest of the program. Such blocks are 
known as subroutines. 
· One feature of most microprocessors, 
including the Z80, is that CALL in
structions may also be forced into the 
-msfructfon sequence by activating 

4 

IC9-12 
74LS367 

5 

Address 
bus 

5 

30 

4 5 

20 18 17 

IC 1 
Z80 

11 

29 

26 

24 

16 

either of the pins NMI or INT. The 
subroutines called by these interrupts 
are executed immediately after the in
struction in progress, and, as with most 

·CALLS, once the subroutine has been 
completed, instruction execution 
recommences at the point where the 
sequence was originally interrupted. 
These interrupts are generally used by 
other devices that want to com
municate with the Z80 and, in this case, 
the N~n interrupt is initiated by the 
strobe pulse from the keyboard and 
hence by the depression of any key. The 
keyboard subroutine reads in and acts 
upon the keyboard data before retur
ning control to the mairi program as 
shown i.n Fig. 3. This is just one method 
of using the keyboard and another 
common approach is the polling system 
where, as part of the main program, the 
Z80 reads in the strobe pulse as part of a 
byte, then testito . see if the strobe is. 
active and jumps back to the read . 
operation if it is not. When it is active, 
the Z80 reads in the keyboard data byte. 
This method requires six bytes Of in-

To keyboard· 

StrobP Dot . . 
ROY 

19 

74LS04 

IC14 I 

IC13 
81LS95 

ov 

47k 

10k 

WIRELESS WORLD. APRIL 1979 

structions and memory locations, or at 
least a three byte CALL instruction to a 
read-the-keyboard subroutine when
ever a byte of keyboard data is re~uired. 

In contrast, an interrupt driven sys
tem only requires the one-byte HALT 
instruction to . be executed whenever a 
byte of keyboard data is needed. The 
only method for the processor to get out 
of the HALT state, ®nee the instruction 
has been executed, is by operation of 
the reset button or by an interrupt, 
the Z80 waits for the interrupt 
which directs it into the subroutine 
for the keyboard. The interrupt system 
which was chosen, saves on memory 
space and the subroutine contains an 
extra section which will reset the entire 
system if the · processor is not in the 
'HALT state. If it is necessary to inter
rupt, for example, a program under 
development which has a fault, this can 
be achieved by pressing any key. The 
HALT command is also available in the 
high level language where it will also 
stop program execution until a key is 
pressed. 

Fig. 2. Main pr?cessing circuit. 
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The NMI input (non-maskable inter
rupt) operates under all conditions and 
just calls to a fixed address in the 
memory. The other interrupt input,. 
INT, can be enabled or disabled by 
instructions within the program being 
executed. This particular interrupt line 
comes from the MM57109 R/W output 
and indicates that the 57109 wants to 
send b.c~d. data to the Z80. This output 
can do some peculiar things during the 
initial reset of the processor; therefore, 
during this period, it is essential that the · 
INT input is disabled. This is automati
cally done by the Z80 whenever it 
receives the reset signal. The interrupt 
can be programmed to respond in one of 
three ways, but in this system its res
ponse is similar to that of the NMI input, 
i.e., a CALL to a particular memory 
address. 

Operation of the MM571 09 is most 
easily understood by reference to the 
simplified diagram in Ffg. 4. The device 
has open drain outputs which require 
external pull-down resistors, and some 
non-t.t.l. compatible inputs, but these 
have been left out of the diagram. The 
57109 has a 6-bit input word into which 
70 · instructions, mostly of single bytes; 
have been encoded. The two relevant 
control lines are the RDY output and 
the HOLD input. RDY indicates that the 
device is ready to receive an instruction. 
If the HOLD input is low, RDY will go 
low after 16 p.s, and the current in
struction on the input lines will be 
executed. If the HOLD is high, RDY 
remains high and the operation of the 
57109 is suspended until HOLD goes 
loW. h1 this system, RDY is sensed, and 
HOLD is controlled by the Z80. The 
HOLD input is normally high, and the 
typical sequence used by the Z80 when 
it wants the 57109 to execute an in
struction is shown in Fig. 5. 

Although this sequence is adequate 
for the execution of most instructions, 
the 57109 has been designed to operate 
as a separate microprocessor and will 
therefore sometimes produce RDY 
pulses during the execution of certain 
instructions. These pulses are intended 
to cue memory counters etc. As the 
HOLD is on during the execution of 
instructions, these RDY pulses must be 
supressed otherwise the Z80 may think 
that it's time for another instruction to 
be sent to the 57109 latch. Fortunately, 
in such cases the output ISEL at pin 12 
goes low, and this is used to gate the 
RDY signal to, and the HOLD sigrials 
from, the Z80 via IC7 • _ 

The data read in by the Z80 via the 
tri-state buffer, IC 8, consists of the 
modified RDY signal together with the 
four DO (digit output) lines which 
carry the b.c.d. data from the 57109 X 
register, and the BR line on pin 23. This 
line pulses low whenever one of the 
seven tests that the 57109 can perform 
proves to be true. Pin 10, R/W, goes low 
whenever b.c.d. data bytes are waiting 
to be read in by the Z80. During the 
execution of an OUT instruction, twelve 
such~pulses occur which signal the two 
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Polled System Interrupt System 

Fig. 3. Polled and interrupt keyboard ~Y,stems. 
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Fig. 4. Simplified diagram of the 
MM571 09 logic. The microprocessor 
also has open drain outputs which 
require .external pull-down resistors. 

Has the 5 7109 finished it's previous op.? 

Release the ·HOLD 

Is the57109 executing it' 

The HOLD is re-applied. This will not stop 
the execution of the current instruction, 
as a HOLD only takes effect when ROY= 1, 
i.e. at the end of the current instruction . 

Fig. 5. Typical sequence of Z80 
operations when it requires the 57109 
to execl.{te an instruction. 
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Table l. Calculations which show the stack operations in the MM57109. 

COMMAND X y z T 
3 3 .00 0 .00 0 .00 0 .00 sn 9 .00 0 .00 0 .00 0.00 
4 4.00 9 .00 0 .00 0.00 
SQ 

., 16.00 9 .00 0.00 0 .00 
+ \ 25.00 0.00 0.00 0.00 

ROOT, 5.00 0 .00 0.00 0 .00 

\ 
~ ) 

.6 6.00 0 .00 0 .00 0 .00 
9 9.00 6.00 0 .00 0 .00 
+ 15 .00 0 .00 0.00 0 .00 
4 4.00 15 .00 0 .00 0 .00 
1 1.00 4 .00 15.00 0.00 

3 .00 15 .00 0.00 0 .00 
'! 5 ,00 0 .00 0 .00 0.00 

sin (1 + Y(53-4)) 

5 5.00 0.00 0.00 0 .00 
3 3.00 5.00 0.00 0 .00 
YX 125.00 0 .00 0.00 0.00 
4 4.00 125 .0 0.00 0.00 

121.00 0.00 0.00 0.00 
ROOT 11 .00 0.00 0.00 0 .00 
1 1.0q 11.00 0.00 0.00 
+ 12.00 0 .00 0.00 0 00 
SIN 0 .2079116 0 .00 0 .00 0.00 

exponent digits, a byte representing the 
signs, one byte for the decimal point 

· position, and the eight mantissa digits' 
readiness to be sent to the Z80. The 
interrupt caused by this line has already 
been described. 

The HOLD and POR (power on reset) 
lines on pins 9 and 11 respectively, are 
not t.t.l. compatible and Tr2 , Tr3 in Fig. 2 
act as level shifters. Operation of POR 
occurs under the control of the Z80 
whenever a reset is applied, and during 
the operation internal registers are 
cleared and various conditions within 
the 57109 initialised. I! is during this 
operation that the R/\V line goes low, 
but, as previously described, this is 
prevented from causing interrupts to 
the Z80. For further information on the 

. MM57109, National Semiconductor 
produce a data booklet which gives full 
operational details of ~ach instruction 
and pin function. 

The clocks for the microprocessors 
are derived from IC30 and IC46 in the 
visual display circuitry. To meet the 
specified swing and rise times required 
by the Z80, a rise time of 30ns to a level 
of 4.4V, Tr1 and the associated circuitry 
form an active pull-up on the output of 
the Schottky inverter in IC14 . The clock 
for the 57109 is obtained from pin 12 of 
IC46 • \Vith the link from pin 1 of IC46 to 
pin 12 of IC29 , the frequency of this clock 
is 400kHz, which is the maximum 
specified in the data sheet. The other 

the stack is automatically pushed, i.e . 
X---7Y, Y-?Z, Z---7T, T lost 
the stack collapses, i.e. 0---7 T, T ---7Z 
Z---7 Y, result in X. 

Y to the Xth power 

position of the link, to pin 14 of IC29 , 

doubles this frequency and, if the 571 09 
will operate at 800kHz as tested ones 
have, a worthwhile increase in com
puting speed can be achieved. 

Tri-state buffers IC9 to IC12 are con
nected to form an eight-line bus 
transceiver, and buffer the system con
trol lines. These buffers also provide the 
extra drive required for the heavily 
loaded data bus: IC2 is a 3 to 8-line 
decoder, activated by the control lines 
IORQ and WR. This allows eight 
different output devices to be addressed 
from the codes that the lower eight bits 
of the address bus holds during output 
operations. One of these output devices 
is the latch IC4• 5 . A similar job is done by 
I~ (orinput dt:vices, and it is enabled 
by IORQ and RD. The three input lines 
to these devices are different, which 
spreads the load on the address bus. The 
input devices shown are tristate buffers 
IC8 and IC13 , which buffer aata from the 
57109 and the keyboard respectively. · 0 

To be continued 
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Digital optical tachometer is described :bY 
Compact Instruments Ltd in ~olour leaflet, 
available from Binary House, Park Road, 
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Camera tubes. Plumbicop and Newvicon 
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obtained from Department C 1 H, M ullard Ltd, 
Mullard House, Torrington Place, London 
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A range of alphanumeric printers is subject 
of brochure recently sent to us by Syntest, 
169 Millham Street, Marlborough, Mass. 
01752, U.S.A. 
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motors is given by Moore Reed in their 
50-page catalogue, which can be had fro111 
Moore Reed and Company Ltd, Walworth, 
Andover, Hants SPlO 5AB. 
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other information are made by Houston 
Instrument and described in a brochure from 
Louis Arnold, Houston Instrument, One 
Houston Square, Austin, Texas 72753, U.S.A. 

WW405 

Brief descriptions of test and measuring 
instruments marketed by Lyons Instru
ments in product guide, not sent to us but 
available from L.l. at Ware Road, Hoddesdon, 
Herts ENll 9DX 

WW406 

Audio test instruments produced by Bang 
and Olufsen shortly described in recent 
brochure, obtainable from Eastbrook Road, 
Gloucester GL4 7DE. 

WW407 

Health and safety recommendations for 
Bakelite materials in two publications: TIS 
B212 for impregnated materials; TIS B211 for 
industrial laminates. Copies from Bakelite 
UK Ltd, Sales Office, Tuition House, St. 
George's Road, Wimbledon, London SW19 
4DS . 

WW408 

Sound reinforcement systems made by Mill
bank, described by Royal Institute of British 
Architects in a product data sheet, is avail
able from Millbank Electronics Group, Uck
field, Sussex TN22 IPS . 

WW409 

Company magazine of Rohde and Schwarz · 
for end of 1978 deals with range of r.f. test 
gear and television techniques. Includes 
description of standard stereo decoder. In 
English. Rohde und Schwarz, Postfach 80 
1469, D-8000 Munich 80, Fed. Rep. Germaqy. 

WW410 

Catalogue of voltage and current stabilizers 
is produced by Techmation Ltd. Units are 

_made by Kepco and use switching tech
niques, ferroresonance and ordinary feed- · 
back methods. Techmation Ltd, 58 Edgware 

_ Way, Edgware, Middx. 
WW411 

WIRELESS WORLD. APRIL 1979 49 

' ·. 

Simplified distortion measurements 
. Method using audio amplifier under test as a low distortion oscillator 

by F. Butler, 0. B. E., B.Sc ., F.l. E. E., F .I. E. R.£ . 

The need for an external signal source is 
avoided by using the amplifier under test 
as a low distortion oscillator, coupling the 
output back to the input through a limiter 
and LC frequency selective network . The 
author concludes with a review of three 
common methods of measurement and 
discusses possible sources of error which 
become important at distortion levels of 
about _80dB. 

TO MAKE accurate measurements of 
the distortion products of an audio
frequency power amplifier calls for a 
test signal source in which the total 
harmonic distortion is about an order of 
magnitude lower than that of the 
equipment under test. 

In Wireless World for February 1975, 
Letters, p. 68, T. Magchielse described 
one way of achieving this performance 
and gave a condensed account of a 
highly accurate but rather expensive 
technique for distortion measurement. 
His- work inspired the present contribu
tion which in essence describes · a 
method of converting the amplifier 
under test into a low-distortion oscilla
tor by coupling the output back to the 
input through an amplitude-limiter and 
a frequency-selective network, thus 
avoiding the necessity for an external 
signal source. The rest of the article is 
taken up with a critical review of three 
common methods of distortion meas
uremep t, together with some discussion 
of possible sources of error which be
come important at distortion ·levels 
around -80 dB. 

This amplifier-feedback technique is 
of course widely used in the design of 
many types of audio signal generators 
of which a common example is the Wien 
bridge or parallel-T circuit. Frequency
setting is by RC networks and · 
amplitude-limiting by thermistors or 
filament lamps. 

At first glance the Wien network 
seems ideal for the purpose. It is easily 
tunable over a wide band; it fs of high. 
impedance, causing little loading of the 
maintaining amplifier and simple 
range-switching permits coverage from 
sub-audio to video frequencies . 

Closer examination of the properties 
of the network shows it to be far from, 
ideal. The theory given in the appendix 
brings out its major defects. First, its 
selectivity is poor since its effective 
Q-factpr is only 1/3 as against figures 

(a) 

(b) 

Fig. I. Series-tun~d LC oscillators: (a) 
lamp control; (b) thermistor control. 

R R 

2C 

R/2 

(a) 

(c) 

Parameter at Null (a) 

w 1/RC 

Zin R ( I - J)/2 

0- Factor 114 

between 10 and several hundreds for LC 
circuits. 

At fkHz centre frequency the 3dB 
points lie at about 300Hz and 3.3kHz. 
Along with this the phase changes only 
slowly with frequency, reaching ± 45 
degrees at the 3dB points. One conse
quence is that a small change in 
amplifier phase -shift, however caused, 
calls for a relatively large frequency 
change to maintain the overall loop gain 
at unity and the total phase shift zero. 
There is one saving grace in that such 
oscillators are easily locked to an exter
nal source. Again:;t this the frequency 
stability is poor in the face of variable 
loading of the output or in the event of 
supply voltage changes. Buffer 
amplifiers are essential. 

Worse is to come. The maintaining 

Fig. 2. Typical notch networks: (a) 
parallel-T; (b) bridged-T; (c) bridged-T 
with centre-tapped coil; (d) bridged-T 
with shunt coil.~ 
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amplifier, of gain x 3, must necessarily 
generate some harmonic output. This is 
transferred to the input through the 
feedback network where it is once more 
amplified by this same factor 3. As 
already stated the network loss is 1/a at 
the centre frequency. At the second 
harmonic it has only dropped to 0.298 
with a lagging phase angle of 26.57 
degrees. At the third harmonic the cor
responding figures are 0.249 and 41.63 
degrees. In these respects the parallel-T 
network is even worse since its Q-factor 
is only%. 

Clearly some better arrangement is 
required, and the solution is to use LC 
circuits in the feedback path. At audio 
frequencies such circuits are not con
veniently tunable over wide ranges but 
several spot frequencies can easily be 
selected by switched L or C. Plots of 
distortion versus frequency or output 
power represent smooth monotonic 
functions so that checks at a few well
chosen frequencies reveal most of what 
one needs to know about the amplifier 
under test. · 

LC feedback oscillators 

Most audio amplifiers give an output 
which is in phase with the input and the 
overall voltage gain commonly lies bet
ween X 10 and X 100. With amplifiers 
of more than 2W output an ideal feed
back network is a series-tuned LC 
circuit with amplitude control by means 
of a filament lamp, which is cheap, 
effective and virtually noise-free. Below 
this power level, thermistor control may 
be preferred. The principles are shown 
in Figs. 1 (a) and 1 (b). At still lower 
output powers, field effect transistors 
can be used as voltage-controlled resis
tors. 

The design of LC oscillators is based 
on the following considerations, 
assuming that the amplifier is of low 
impedance and that its input gain con~ 
trol, if any, is of high impedance. First, 
the selectivity of the feedback network 
is determined by the Q of the coil when 
embedded in the network. At one end 
the LC circuit sees a resistance equal to 
R 1 arid R2. in parallel. At the other, the 
termination is R 3• The actual Q of the 
coil alone is w L l r but its effective Q is in 
fact wL i tr + R3• + R 1 R/(R

1 
+ R 2~ 

High selectivity thus calls for the lowest 
possible values of R 1, R 2 and R 3 but, as 
shown in the appendix, these low values 
increase the attenuation of the network. 
It is preferable, then, to set the amplifier 
gain near its maximum value and to 
choose resistors just large enough to 
sustain oscillation. To avoid possible 
damage to the amplifier, reasonable 
resistor values should be selected and 
the input gain control slowly increased 
from zero until oscillation starts and 
then remains sinusoidal. Low resistor 
values result in the maximum possible 
attenuation of harmonics through 
the network. This attenuation can eas
ily be made to exceed 40dB but, as will 
'appear in later practical circuits, quite 

Fig. 3. Practical notch network : 
L =50mH total (air cored); C 1 = 0.5~tF 
plus trimmer for 1kHz; C 2 = 0. 005~tF 
plus trimmer for 10kHz; and R = 1200Q . 
to 25kQ, variable with fine adjustment. 

large departures from optimum values 
scarcely add to the inherent distortion 
of the power amplifier itself. 

Continuing with the choice of com
ponents, the coil must be air-cored. The 
use of any ferrite or ferromagnetic 
material will cause serious distortion 
due to non-linear permeability, the 
effect being worsened by the resonant 
rise of voltage across the coil at the 
operating frequency. 
· Next, -if rectifier-voltmeters are used 
to monitor signal levels, they must be 
removed before a measurement is made. 
A typical multimeter can give as much 
as 0.5 per cent t.h. distortion when 
connected across a 600-ohm line. 

Ideally the coil should be screened to 
avoid pick-up from power lines or 
power supplies but unless it is placed in 
a large high-conductivity non-magnetic . 
shield the effective inductance and Q
factor will be reduced, the latter quite 
seriously. It is probably better to place it 
well away from sources of interference, 
connecting it up by a long twisted-pair 
lead. 

Test procedures 
In the standard t.h.d. method, a notch
network or a high-pass filter, or a com
bination of the two, is used to supress 
the fundamental frequency. Ideally, the 
haqnonics are then measured by a 
wide-band amplifier of known gain and 
a true r.m.s. voltmeter. In practice, a 

·mean-reading instrument can be used 
with little error if the distortion is very 
low. Though useful for testing a pro
duction run of amplifiers, the method 
has obvious limitations. To measure 
down to 0.001 per cent disto~tion on a 
1V signal requires 100dB of gain tv get 
1V output of harmonic. Noise is a pro
blem and the method gives no clue to 
the composition of the harmonic spec
trum. Because they combine on an 
r.m.s. basis the voltmeter reading is 
almost unaffected by low-level pro
ducts. 

The most commonly used notch net-
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work is the RC parallel-T which is a 
3-terminal form of the Wi~n bridge. 
In its passive form it suffers from all the 
disadvantages of the regular 'bridge. In
stead of a very narrow notch in an 
otherwise flat pass-band, the second: 
harmonic is down about 9dB below the 
zero-loss datum. The third is attenuated 
by about 5dB. The results, displayed on . 
an oscilloscope. or measured by volt- · 
meter, are meaningless. The transmis- · 
sian of an active notch circuit can be. 
made much nearer the ideal but, by de
finition, this uses an amplifier of which 
the distortion must be much lower than 
that being measured, a state of affairs 
quite difficult to reach because the 
amplifier operates under rather exac
ting conditions. 
P~ssive bridge a-T LC circuits as 

shown in Figs. 2 (b}, (c) and (d) are 
much to be preferred, provided one is 
satisfied to work at a few spot frequen
cies. As before, air-cored coils must be 
used. Fortunately the Q is riot very 
critical. Even if it is as low as 3, Terman, 
(Radio Engineers' Handbook), states 
that the second harmonic is attenuated 
by only 0.5dB; though calculations give 
a figure nearer 0.8dB. 

A few of the more important proper~ 
ties of the various networks are also 
listed in Fig. 2. In some cases, close 
approximations to the true values are 
given since the exact mathematical 
expressions are so cumbersome. The 
worst errors are of the order of 1 per 
cent. The choice of a preferred network 
will be considered later. 

Wave analyser methods 

Wave amilysers are calibrated selective 
volt meters, usually working on the 
superheterodyne principle. In use they 
are tuned successively to the fun
damental and to each harmonic of the 
distorted input signal. Internal or ex
ternal attenuators are adjusted to give a 
standard reading on the output volt
meter. Distortion figures are then de.
rived directly in terms of the relative 
settings of the attenuators. Some pas~ 
sible sources of error are: 
(i) Non-linearity of the input amplifier. 
(ii) Intermodulation and spurious signal · 
generation in amplifiers, filters or 
mixers. 
(iii) Inadequate adjacent-channel selec
tivity. 
(iv) Ground loop effects at high atten,u
ator settings. 

Such sources of error become 
important when measuring distortion 
levels around 0.001 per cent. The t.h.d. 
of the input amplifier is seldom better 
than -85dB referred t() the fundameJ1-

·tal. This is clearly not good enough 
when attempting to measure levels at 
100dB down. Spurious signal~ of various 
sorts may appear at levels between -701 
and -90 dB. also causing problems. Ad-. 
jacent channel responses may be as low 
as -90dB; still no~ good enouBh for. 
ultra-low distortion measurement. 

All these difficulties may be circum-
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Amplifier 
under test 

Feedback 
networ k 

Notch network 

vented by .placing a notch network. 
ahead of the analyser and by using an 
isolated transformer or transformer 
attenuator after the notch circuit to 
break any possible ground loops. 

In measurements to be quoted later, 
screened transformers have been used 
as fixed attenuators at 0, 20, 40 and 60 
dB loss, their performance being 
checked against a 600-ohm resistive 
attenuator. Here the use of magnetic 
cores is admissible since the attenuator 
is used after the fundamental has been 
suppressed. Any spurious product then 
causes only a negligible increase of an 
already low distortion figure . Using this 
technique it becomes possible to get 
exactly repeatable results down to 0.001 
per cent or to 0.0001 per cent. (-1 20dB). 
using wide-band low-noise amplifiers in 
front of the analyser. 

Phase-sensitive synchronous 
detectors 
Here the complex signal to be analysed 
is applied to one of the two inputs of an 
analogue multiplier or to a suitable 
balanced modulator. A square-wave 
switching signal is fed to the second 
input and tuned successively to the 
fundamental and to the harmonics of 
the test signal. When the switching 

·signal is locked to the component under 
investigation, sum and difference 
frequencies appear at the multiplier 
output. The difference signal is of zero 
frequency, (d.c.), and has an amplitude 
proportional to that of the test har
monic. A low-pass filter removes all 
unwanted a .c. components including 
-noise. This is probably the ideal method 
of distortion measurement and, though 
very expensive, such instruments are 
offered by several manufacturers. Since 
they use input amplifiers, p.s.ds suffer 
from the ·same defects as wave ana
lysers so that when measuring very low 
distortion levels it is advisable to make 
use of a notch network as before. 

Some practical tests 
For these a range of transistor 
amplifiers with power outputs between 
50mWand40W were used. In one case a 
quasi-complementary amplifier was 
built to a Mullard design for which 
distortion figures had been published 

c r.o. t es t poi nt 

Ampli f.ie r Att enua t or 

600 

1M 

Fig. 4.Equipment layout for distortion 
.measureme~t : amplifier under test; 
oscillator feedback network and 
amplitude limiter; passive LCR notch 
network with short circuiting switch; 
unity-gain amplifier (f.e.t. input, low Z 0 
5V r.m.s. output across 600Q); 
attenuator, .80dB variable, 600Q; 
transformer attenuator (0, 20, 40 and 
60dB taps); wave analyser. 

50k 

Fig. 5. Typical -oscillator-amplifier: 6W 
amplifier, X40 maximum gain; 6V 0.3A 
filament lamp; C = 0.4~tF for 1kHz and 
4000pF for 1OkHz. 

and which could be checked against 
results obtained independently. In all 
cases. brief tests of t.h .d were made by 
the standard method in order to get an 
idea of the distortion figures to expect. 
Wave analyser tests were then made 
with • much more elaborate equip
ment, most of which, including filters , 
notch circuits, transformer attenu
ators, audio oscillators, voltmeters and 
wave analysers had to be specially built 
because of the very high cost of pro
fessional equipment. 

Fig. ;iis abfo-ck diagram of the system 
used while Fig. 5 gives a particular 
example of a small 6W amplifier
oscillator with its amplitude-limiter and 
selective feedback network. set to 
operate at 1kHz or at 1OkHz by 
changing the capacitor. 

The test procedure is as follows . 
Connect a resistive load to the .amplifier 
to give the required output power, 
allowing for the load presented by the 
feedback network. Start up the oscilla
tor and adjust the input to notch net-
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Wa ve an alyser 

OdB 

Low 

work to such a level that the amplifier D 
is never overloaded. About 4V is 
acceptable in the present case. Then 
tune or trim the notch network to the 
oscillator frequency and vary the 
phasing resistor until the deepest pos
sible null is reached, best checked at this 
stage by an oscilloscope connected to 
the point shown in Fig. 4. 

Switch on the wave analyser, set it to 
low gain and place both external atte
nuators at OdB. Tune to the fundamen
tal, readjust the notch network for the 
best null and increase the analyser gain 
to give full scale deflection on the out
put voltmeter. This represents the 
notched fundamentaJ residue. Now 
tune the analyser to the second har
monic and note the corresponding out
put voltage. If it exceeds f.s.d., reduce 
the analyser gain, leaving the external 
attenuators still on OdB. We now have 
to compare this harmonic level with the 
true fundamental amplitude. To do so, 
set both external attenuators at maxi 
mum loss, close the short-circuiting 
switch across the notch circuit so that 
the fundamental is applied to the ana
lyser through attenuators only. Re-tune 
the instrument to the fundamental and 
set the attenuators to give the same 
output reading as that observed for the 
selected harmonic . The attenuator 

·readings then give the amount by .which 
that particular distortion level is below 
the fundamental amplitude. Repeat for 
the third and any required, higher har
monics. 

The accuracy is high because it d~
pends only on that of the external atte
nuators. The 600-ohm resistive unit will 
probably be good to 6ver 100kHz but 
unless well made, the t ransformer could 
be in error. In the present case, two 
windings, each of 1000 turns, were 
wound on a Mumetal core 1/ 2 X 1/ 2 inch 
cross section. The outer winding was 
tapped at 1, 10 and 100 turns to give 60, 
40 and 20dB loss . An earthed inter
winding screen of copper foil was used, 
insulated in such a way as to prevent 
the formation of a single-turn short: 
circuited loop. W ith a 600-ohm load 
across the \Intapped primary and when 
fed from a 600-ohm source the tapped 
output on any setting was flat to around 
50kHz. The transformer proved effec-
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Comparison of two amplifiers. A and a· 

Harmonic 2 3 4 

A 0.022 0.033 0.0009 

B 0.062 0:,_023 0.0094 

tive in removing troublesome ground
loop errors. 

Some test results 
.A carefully compensated f.LA 709 
operational amplifier, set to a . gain of 
X3 and used with thermistor control at 
1kHz gave a t.h.d. figure of 0.002 per 
cent. The output was 3V r.m.s., loaded 
only by the feedback network and the 
.notch-circuit input impedance. Its 
wors~ failing was the noise level, clearly 
detectable on the oscilloscope. This 
feature characterised all the i.e. circuits 
tested. Next tested was a pre-amplifier 
built to a design by H. P. Walker but 
using unselected comppnents and non
preferred transistors. Nevertheless, at 
3V r.m.s. output and set to a flat gain of 
X 10 at 1kHz this gave a figure of 0.011 
per cent which would probably have 
been halved if built to the original 
sp_~cification. With a low source imped-. 
ance the noise level was the lowest 
recorded in any of the tests. 

At the same test frequency, 1kHz, and 
when set to a gain x 100, a Fairchild p.A 
716 gave 0.11 per cent, well within limits · 
quoted by the manufacturer. 

More detailed figures, again obtained 
at 1kHz, are given for two amplifiers in 
the table above. Type A ·is a comple~ 
mentary Class B unit with an f.e.t. input 
stage, built for use as a capacitance
tuned Wien bridge oscillator. The unit B 
is a modified version of a Mullard 
quasi-complementary 15W design, run 
with a reduced supply voltage giving 
7W maximum output. Its total har
monic distortion, the r.m.s. sum of the 
components listed in th~ table, agreed 
exactly with figures published by the 
company but with an 8-ohm load in
stead of 10 ohms actually used in the 
present test . 

Measurements at 10kHz followed the 
general trend of those at 1kHz, the 
actual distortion figure being up to two 
or three times that at the lower 
frequency. In some i.e. amplifiers, 
heavily compensated, the 10kHz figures 
were actually lower because of the 
shunting effect of compensating 
capacitors. 

As regards the choice of notch net
works, the passive ·parallel-T may be 
used for wave analyser measurements 
provided that its transmission losses 
away from the notch are taken into 
account. To do this add 9, 5, 3:3 and 
2.3dB respectively to the measured 2nd, 
3rd, 4th and 5th harmonic distortion 
figures. The errors involved in this are 
considered to be significantly lower 
than if an active network is used, incor
porating as it does an amplifier with an 
unknown distortion spectrum. Of the 

5 6 7 

0.0011 0.00015 0.00025 

0.001 0.0052 0.001 

bridged-T circuits, those shown in Figs. 
2 (b) and (c) are of relatively high input' 
impedance and cause only light loading 
of the amplifier under test. That shown 
in Fig. 2 (d) is of low impedance at high 
test frequencies but is particularly 
suited for use at low frequencies where 
large inductances are required. In these 
·cases the effective coil resistances are 
also very large so that the test amplifier 
'is again lightly loaded. Coils up to 5H 
with d.c. resistances up to lOOO~ohms 
have been used successfully. For quick 
experimental tests such coils can be 
obtained by slipping the wound bobbins 
off the laminated cores of redundant 
chokes or l.f. transformers. 

Two further points may be mentioned 
in conclusion. First, it is simple to apply 
quartz crystal control to the feedback 
amplifier. Three-terminal crystals 
generating flexural mode vibrations at 
low frequencies may' be used in the 
feedback network and such units have 
been found to work well at 5 and 15kHz. 

In the second place, it is possible to 
use LC circuits in the parallel-resonance 
mode. These are particularly useful with 
phase-reversing power amplifiers and: 

. they can be made to work well with 
~ low-gain units provided these have a 
medium-to-high input impedance. 

Appendix 

J. Properties of the Wien network 

Ifn=wCR, 

e 
E 

When wCR =I, e/E=Va; <j>=O 
At the second harmonic, 
n =2; e!E =2115 (2-j) 
Attenuation=2115\/ 5; tan<!>_= -% 
L<?ss = 0 .298; phase angle= 26.57 de g. 

At the third harmonic the correspon
ding figures are 0.249 and 41.63 degrees. 

Assuming a centre frequency of 1kHz 
the 3dB points lie at 3.303 and 0.303kHz 

. with phase angles ± 45 degrees. Q = 1/J. 

T 
e c R 

1 
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2. Properties of RLC feedback network 

E R 1 R 1 +R2 . -=-+ r+R 3 +J(wL-l/wC) 
e R3 R2R3 . .. 

At series resonance wL = l(wC and the 
network loss is: 

e R 2R 3 

E- (r+R3)(R 1 +R2)+R1R 2 

Q factor of Lr coil alone= wLI r 

\Vhen embedded in the network: 

Assuming r stays constant over an 
appreciable frequency range, the atte
nuation of any harmonic n below that of. 
the fundamental is: 

Loss=Q1 (n-lln) 

Even with poor coils and low gain 
'power amplifiers, harmonic attenuation 
below the fundamental level at the net
work output will seldom be less than 
20dB and may easily exceed 40dB with 
good coils and high-gain amplifiers. 

Acoustics conferences 
The Spring Confereii.'ce of the Institute ot 
Acoustics is to be held at the Institute of 
Sound and Vibration Research, Southamp
ton University, April 8-11. There will be 
sessions on psychoacoustics, sound power· 
determination, building vibration, and sound· 
generated by impact, as well as others or
ganized by specialist groups . Contact: Pro
fessor J. B. Large, ISVR, The University, 
Southampton. 

Forthcoming meetings include "Planning 
and noise control for industrial develop
ments" at County Hall, London, Aprir 26;: 
'"Acoustic test facilities and recent work on~ 
test methods" at British Gypsum Ltd, 
Loughborough, May 3; "Noise nuisance" at 
County Hall, London, May 31; "Source loca
tion and active control of noise", Cambridge 
:University, June 28-29; "Speech production 
:modelling" at Leeds University, August 2; 
"Non-linear acoustics" Bath. University, 
September 10-11; and "Non-physical aspects 
of noise and noise criteria" at Portsmouth 
Polytechnic, October 5. Details from the 
Institute of Acoustics, 47 Bel_grave Square, 
London SW1X 8QX (tel : 01-235 ~lll). -
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Teletext remote con·trol 
Ultrasonic link for page, t ime and function selection 

A number of articles on the updatmg and 
·modification of the Wireless World 
teletext decoder have appeared since the 
original, pioneering, series of articles by 
J. F. Daniels in 19761 . A decoder which 
!has had tHese modifications carried out 
ishould have a performance which in most 
'respects matches that of any other 
:teletext decoder on the market, including 
:those using l.s .i. integrated circuits . 
:There is, however. one facility lacking on 
the W. W. decoder which is provided on 
nearly all other decoders, and that is 
remote control . 

Whilst the front-panel controls of the 
.decoder are adequate for 
experimentation and demonstration 
purposes. they leave something to be 
desired when the decoder is installed in a 
domestic environment. A means of 
remote control is therefore desirable. 

A NUMBER of possible ways to provide 
this feature present themselves. The 
simplest is probably to remove the 
page-selection thumbwheel switches 
and essential function switches (e.g., 

·Clear) to a separate box, connected to 
the decoder by means of a multiway 
cable. This, however, makes a fairly 
;bulky item; the cable is of necessity 
thick and something of a hazard if 
trailed across the floor. In addition, the· 
capacitance of the cable could deform 
the fast pulses fed to the thumbwheel 
switches, possibly resulting in unreli
able operation. Another important 
aspect is the electrical safety of such an . 
installation, since the decoder circuitry 
is connected to the live television 
chassis. This having been said, such a 
scheme is practical and probably the 
cheapest to implement. 

The problem of the bulkiness of the 
remote unit can be solved by replacing 
the thumbwheels and other function · 
switches by a small calculator-style 
keypad. The difficulty with this Is that 
whereas the thumbwheel switches are 
"self indicating" (i.e. the page number 
selected is displayed directly on the 
switches) there is no equivalent indica
tion with a pushbutton keypad. One . 
soiution to this would be to incorporate 
a page-number display into the remote 
un it, .perhaps by means of a small 

· seven-segment display. An alternative 
solution, adopted in this design, is to 
indicate the page number as part of the 
text display on the tv screen. A con
venient place for it is the top left hand 

by R. T. Russell' 

corner of . the page where there is a: 
space of eight characters preceding the 
service name (CEEFAX or ORACLE). 

The problem of the heavy multiway 
cable can be partially overcome by 
multiplexing the data into a serial for-. 
. mat, thereby allowing the use of a thin 
two core cable. However, this does not 
reduce the safety hazard which might 
even be aggravated by the unsuitability 
of the insulation on a thin cable not 
intended for mains use. 

The ideal solution to these problems 
is to use a cordless arrangement to 
elimin'!te the trailing lead arid with 
.it .any safety hazard .· N aturaily the . 
price of such a solution is complexity 
and expense, and for those who want to 
avoid the cost of the ultrasonic link the · 
rest of the circuitry to be described is 
compatible with a wired system using a 
two core Cfible. This could easily be 
upgraded to the cordless system at a 
later date. 

Transmission characteristics 
Having decided to adopt a cordless 
syst~m. the next choice to be made was 
ofthe·transmission medium to use (e.g., 
ultrasound, radio signals, light) and the: 
method of modulation to enable it to 
carry the desired information. It was 
decided to use an ultrasonic link, be
cause this has been the · choice of most 
set manufacturers for their remote con
trol systems and it does not require any 
sort of licence. Piezo-electric ultrasonic 
transducers for operation at around 

. 40kHz are readily available and these 
are used in this design . . 

The choice of a suitable method of 
modulation was more difficult. A 
frequently adopted method is to allo
cate a different ultrasonic frequency to 
each of the control functions provided 
and to .use a frequency-sensitive detec
tor in the receiver to separate the func
tions. In the simpler versions, the 
frequency generation and detection are 
done using conventional tuned circuits, 
but in the more complex systems, with a 
large number of commands, purpose-

I I I I I 1 I I I . 
, ---u·· r -. - ., - r -,- ,-T-, -·,--- Mark 

I I I I 1 1 · 1 I I 

0 1 
• ....: -1 -:.. - !- .1 - L _:..._! Space 

J t Seven data bits---.! lc--Parity bit . 
Start bit _J !--stop bit 

- - -

Fig. I. Format of serial data. Duration of 
each bit is lOms. · 

made integrated circuits. usually car~ 
out these functions. 

Although this is a well tried and pro
ven system, it has a number of disad
vantages in the present application. 
Firstly, sixteen different functions are 
required for teletext remote control 
alone in present case, and the number is 
even larger if pr:ovision is made for 
remote channel-change, etc. Although 
this number of s~arate frequencies is · 
possible, without using specialised i.cs, 
the transmitter and receiver circuits 
would be quite complex, whether ana
logue or digital techniques were 
adopted. Secondly, the bandwidth of 
the piezoelectric type of transducer is 
probably insufficient for such a system, 
since the different frequencies cannot 
be very close together, and this would 
necessitate us ing capacitive trans- · 
ducers which need a large driving vol- · 
tage and d. c. polarization. 

For, these reasons, the multi
frequency approach was rejected and 
an alternative system devised, which 
uses a two stage modulation process. , 
Firstly, the control functions to be 
transmitted are encoded into a serial 
data stream of l s and Os and secondly, 
the serial data is used to modulate the 
ultrasonic carrier in a binary fashion. 
The most obvious method of modula
tion is simple on-off keying, with the 
carrier on for logic 1 and off for logic 0. 
Such a system was tried but was found · 
to be sensitive to short~term reflections 
from walls and objects in the room. 
Whilst this problem could be partly 
overcome by an a.g.c. system in the 
receiver, with suitable time constants, it 
w~s found better to use frequency-shift 
keying instead, the signal having a con
stant amplitude to mask reflections. In 
common with other f.m. systems, this 
allows the use .of a high-gain limiting 
amplifier in the receiver, which renders: 
it insensitive to the large signal-level 
flu_ctllations which can be experienced. 

Because of the ria.irow transd\icer. 
bandwidths, the maximum modulation 
rat$ is limited to only a few hundred bits 

. per second but, since this rate permits a . 
maximum often commands per second 
(faster than one can press the keys), the 
theoretical system capacity is more 
than adequate. The method adopted 
consists of coping each command as a 
seven bit ' number, appending 
synchronizing bits to it and transmit
ting the whole as a serial signal, at 100, 
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bits per second. Although only sixteen 
commands are implemented, the system 
could be expanded to a maximum of 128 
functions, with additional circuitry in 
the decoder. It could, for example, be 
used to transmit alphanumeric data at 
up to 10 characters per second. 

Data format 
The serial data format is shown in Fig. 1 
and is the same as that adopted for 
computer terminals, teleprinters and 
the like. In the quiescent condition,, 
when no data is being transmitted, the 
signal rests in the logic 1 or MARK 
condition. When a command is sent the 
serial data begin with a logic 0 start bit 
followed by the seven data bits. After 
the last data bit, a "parity bit" is in
serted. In this case odd parity is used, 
which means that the parity bit is 
chosen so that the total number of ones 
in the seven data bits plus the parity bit 
is always 9dd. This allows a measure of 
error detection when the signal is 
received. After the parity bit is a "stop 
bit" to identify the end of the data. If 
another command is to follow, the new 
start bit may follow immediately after 
the prev ious stop bit, but otherwise the 
signal remains in the quiescent "stop" 
condition. Wh,ilst this code may seem 

-complex it is in fact not difficult to 
generate and because of its common use 
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Fig. 2. Circuit of keypad and ultrasonic 
transmitter. 

there are inexpensive integrated 
circuits available especially designed to 
decode it. 

It is the use of this serial format which 
allows, if desired, the ultrasonic link to 
be bypassed and the serial data sent 
directly to the decoder along a cable. 
Compatibility. This remote control sys
tem is suitable for all versions of the 
Wireless World decoder and is not de
pendent on any or all of the previously 
published modifications having been 
carried out. It is basically an add-on unit 
requiring no changes to the original 
boards or inter-board wiring and there
fore can be added with the minimum of 

. disruption, although its performance 
may be enhanced by a small modifica
tion to the original circuitry which will 
be detailed later. 

·The remote control splits naturally ·· 
into three parts; the remote push
button keypad unit, the ultrasonic 
receiver and the interface board with 
the teletext decoder. These three sec
tions will be dealt with in turn. 

-1~1- x, IC3 11 
114 4070 = 

/ +9V 
13 12 

10 
IC3 
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1'440: 
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Ultrasonic transmitter 
The circuit of the · ultrasonic 
transmitter/keypad unit is shown ·in 
Fig. 2. It performs the function of en
coding the different keys, generating 
the serial data signal, and from it a 
frequency-shift keyed signal to drive 
the ultrasonic transducer. It is battery 
powered and uses c.m.o.s. logic to 
reduce power consumption to a mini
mum: the quiescent current consump
.tion is so low that no on-off switch is 
required. The circuitry is crystal con
trolled and uses a standard colour
subcarrier crystal, resulting in high 
stability and the absence of any adjust
ments. 

The sixteen keys on the keypad are 
each encoded into a 7 -bit binary wnrd 
using the diode-matrix D 1-D 17 • A 
seventeenth, spare, function may be 
incorporated with the addition of three 
diodes, 0 18-0 20

• The codes generated 
are shown in Table 1 and it should be 
noted that the transmitted data is in
verted with respect to the outputs of the 
diode matrix itself. The encoding sys
tem was chosen to minimise the total 
number of diodes. 

The seven data bits are fed to the 
parallel inputs of a shift-register, IC6 , 

and also to the inputs of a NAND-gate, 
IC5 • When no key is pressed these bits 
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are aU at logic I by virtue of the pull-up 
resistors R8-R14 • The "0" key is fed only 

. to R15 and the NAND gate, since it is 
encoded as all zeroes (all ones at the 
shift register inputs). When any key is 
pressed, one or more inputs of IC5 are 
pulled to logic 0, the NAND gate output 
going to logic 1. This signal is fed via an 
RC integrating network (R4 , C5) to a 
Schmitt trigger circuit, comprising (3,4) 

. aJ1dJ}1~ _assqci~ted resi~~()~S._ T!t~J!:l~~~ 
tion of this circuit is to suppress the 
contact-bounce inherent in a 
mechanical switch. The positive-going 
edge at IC3 , pin 4 is differentiated by C6 , 

· R7 to generate a narrow strobe pulse.' 
This pulse performs two functions: it 
resets the circuit to . the correct initial 
conditions and also parallel-loads IC6 
with the 7 -bit data present at its inputs. 

By virtue of being reset by the strobe 
pulse, pin 14 of the binary divider IC2 
goes to logic 0 and turns on the crystal 
oscillator Tr 

1 
(since the power con

sumption of c.m.o.s. is a function of 
clock frequency, the oscillator is turned 
off when not in use). The oscillator, 
running at 4.43 MHz, clocks the high
speed divider IC4 which is configured to · 
divide the frequency by either 55 or 56. 
The signal at IC4 pin _1, at about 80kHz, 
is further divided by 100 in IC1 to give at 
signal of 800 Hz at IC2 pin 2. This is 
divided down to 100Hz, which appears 
at IC2 , pin 5, and after inversion in (3,3) 
this signal clocks the shift-register IC6 , 

so that the seven data bits appear 
serially at its output pin 12. The function 
ofiC7 and the exclusive-OR gate (3,10) 
is to generate the odd-parity bit and to 
append the start and stop bits as pre-

viously mentioned. The serial data pro
duced at (3,10) are fed to IC4 , along with 
an inverted signal from (3,11), so that 
the division ratio is set to 55 for logic 0 
and 56 for logic I. This results in a 
square-wave at IC1, pin 3 of 40.3I kHz 
for logic 0 and 39.59 kHz for logic I . This 
signal drives the ultrasonic transducer 

Table 1·. Binary codes corresponding 
to the 1 1 key-S. 

TP 
Uig.2) 

0 
1 
2 
3 
4 

.5 
: 6 
. 7 
,8 

9 
TV 
TEXT 
REVEAL 
CLEAR 
TIME 
PAGE 
Spare 

o o·o o o o o 
0000001 
0000010 
0000011 
0000100 
0000101 
0000110 
0000111 
0001000 
0001001 
0010000 
0100000 
0110000 
1000000 
1010000 
1 1 0 000 
1 1 1 0 00 0 

Serial out" 
to decoder 

Fig. 3. Output circuit if cable used in
stead of !fltrasound. 

Fig. 4. Ultrasonic receiver. 
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via Tr2 and Tr3 • Shprtly after the data 
bits have been sent. IC2, pin I4 goes to 
logic I, turning off the oscillator and the 
ultrasonic output. 

The battery used is a 9V type, which 
should last several months in normal 
use. The transmitter will fail to operate 
when the battery voltage drops below 
that needed for IC4 to divide correctly at 
4.43 MHz. This will depend on the par
ticular sample of IC4 , but is typically 6 
volts. 
Construction of transmitter. By using a 
miniature 16-key keypad the transmit-_ 
ter, including the ultrasonic transducer 
and battery, will fit into a small hand
held unit. The printed-circuit layout 
shown does not include the diode 
matrix which, in the prototype, was 
mounted directly on the keypad con

·nexions. Copper strip board is a suit-
able alternative. The transducer must, 
of course, have an unobstructed "view" 
from the end of the unit normally 
pointing away from the user. The pro
totype was built into a small die-cast 
box with the keypad mounted on the lid.: 

For those wishing to use the "wired"' 
system, Tr2 , Tr3 and the ultrasonic 
transducer should be omitted and the 
circuit of Fig. 3 substituted. 
Ultrasonic receiver 
The circuit of the receiver is shown in 
Fig. 4. The function of this unit is to 
receive the ultrasonic signal, demodu- · 
late it and feed the resulting serial data 
to the decoder. It is intended that it be 
'mounted inside the tv cabinet. 

The ultrasonic transducer X 1 receives 
the signal from the transmitter and 
feeds it to the limiting amplifier consis-

R1o 
~-----------~------~--~--+--------~~--~vv---.-+sv 
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ting of IC1 and IC2 • The natural selec
tivity of the transducer is supplemented 
by the feedback network connected 
around IC1 which gives it a band-pass 
response centred on 40 kHz and a Q of 5. · 
Because of the decoupling effect of C4 , · 

the negative feedback around IC2 is 
significant only at low frequencies and 
there is sufficient gain to give a clipped 
square-wave output with a normal 
signal from the ultrasonic transmitter. 
This 40kHz square-wave is matched to 
t.t.l. levels by Tr1 and buffered by NAND 
gate (3,6). 

The dividers IC4 , IC5 and IC6 each 
consist of separate divide-by-2 and 
divide-by-6 'sections. The 40kHz signal 
at IC4 , pin 14 is divided by two in IC4 and 
again in IC5• The output at IC5, pin 12 is 
fed to the reset inputs of both IC4 and 
•IC5 so that, rather than being a 10 kHz 
square wave as might be expected, it 
consists of narrow positive-going pulses 
at a 20 kHz repetition rate. The duration 
ofthe pulses corresponds to the propa~ 
gation delay from the reset to output of. 
IC5 , and is only 30nanoseconds or so. 

Gates (3,3) and (3,11), along with the 
associated components, make up a 
crystal oscillator running at the PAL 
colour subcarrier frequency, 4.43 MHz 
approximately. This signal is divided by 
6 in IC4 , by 6 again in IC5 and by 12 in 

One more in the monumental series of com
pilations from D.A.T.A. Inc., the updated 
Diode D.A.T.A Book, is now available. In 
nearly 800 pages, this first issue of the 1979 
two-issue series . contains electrical, 
mechanical and environmental information 
on over 50,000 types of diode, from 156 
makers throughout the world. All types of 
diode are covered, with supplements on US 
Mil specifications, outline drawings and 
manufacturers addresses. This book is one of 
a set of similar publications which takes in 
the whole field of semiconductor devices. It 
costs £48.75 for one year - two issues - and 
is offered on a 30-day trial. The UK agents are 
London Information (Rowse Muir) Ltd, In
dex House, Ascot, Berks SL5 7EU. 

System Design with Microprocessors, by D. 
Zissos. It .seems that workers in virtually 
every sector of science and industry are 
recognizing the need to study and apply 
computers, particularly microprocessors and 
microcomputers. In this book, Professor 
Zissos, who has the chair of Computer 
Science at the University of Calgary, 
employs his non-pedagogic approach to 
allow workers in widely different disciplines 
to understand the methods by which these 
newly-fashionable devices can be made to 
work to the best advantage. There is virtually 
no reference to "electronics" - the discus
sion is of logic systems only, the first chapter 
being an introduCtion to logic design, based 
on a previous book, which was also the 
inspiration for a series of articles in this 
journal during 1977-8. Several chapters pro-

1(1,. This results in IC6 , pin 12 going high · 
216 cycles, or 48.7 microseconds, after 
the reset pulse occurs. This signal 
clocks IC7 , pin 5 to logic 0. Six clock 
pulses, or 1.4 p,s, later, IC5 , pin 11 goes to 
logic I and, via (3,8), presets (7 ,5) to a 1. 

· Therefore IC7 , pin 5 is at logic 0 during. 
the period 48.7 to 50.1 microseconds 
after each reset pulse. When the fol
lowing reset pulse occurs in this 
"window" it will impose a logic 0 onto 
IC7 , pin 9. This condition corresponds to · 
an . input frequency range of 
approximately 40 to 41 kHz. This en
compasses the logic 0 frequency of 40.3 
kHz but not the logic 1 frequency of39.6 
kHz. By this means' a demodulated 
serial data signal is present atiC7, pin 9. 
The presence of noise and interfering 
signals results in some spurious pulses 
at this point, so these are filtered out by 
the RC network R14 , C8 and the data 
signal squared-up by IC8• Tr2 provides 
the serial output with sufficient current 
drive capability to feed the decoder 
circuitry. 
Receiver construction. The ampli
fiers IC, and IC 2 together have a 
gain in excess of 80 dB, so care must 
be taken with the layout of compon
ents and earthing to ensure a stable 
system. It is recommended that tbe 
author's board layout be adopted. 

OCX)(S .RECBVED 
vide extended problems, with their solutions 
- in this type of book a very useful feature. 
References are provided, but are somewhat 
repetitive and fairly limited. Academic Press 
Inc. (London) Ltd, 24-28 Oval Road, London 
NWl 7DX, Pp. 202, £6.50 in paper back. 

Understanding Hi-fi Specifications, by John 
Earl, is an attempt to explain the language 
used by reviewers of audio equipment in the 
magazines. Since the author is one of these 
gentlemen, he ought to be in a good position 
to do this: it may be asked, though, why the 
language continues to be used in consumer 
magazines if it is so evidently in need of 
elucidation. Since the more incomprehens
ible the reviews become, the more abstruse 
these explanations will have to be, and one 
can envisage a position where only the 
review writer will know what he is talking 
about. 

The book is an honest try at clarification, 
but it does seem that a little more care would 
have been a good idea. For example, it is 
unlikely that anyone who doesn't understand 
the expression "output level" will be greatly 
assisted by the sight of the quantity 
200nWb/m, even though it is also spelt out 
(wrongly). The publishers are Fountain 
Press, 14 StJames Road, Watford, Herts, and 
the price is £2.95 in limp back. 

Radio and Television Servicing, 1977-78 
Models is the latest of a very long line of 
similar volumes, which are probably familiar 
to most servicing technicians. A represen
tative choice of equipment is covered, each 
section with a circuit diagram and servicing 
notes. The compiler has included audio sys-
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This board will fit inside a stan-dard 
die-cast box if interference from (or to) 
the rest of the television circuitry is 
experienced, although this y.ras not. 
found necessary with the prototype. 
The five-volt supply should be taken 
from a point having adequate decou
pling so as not to introduce interfering 
sinals into the receiver by this route. No 
setting-up adjustments are required. ' 

For best results the ultrasonic trans
ducer should be mounted in the front of 
the television cabinet in such a position 
as not to restrict its natural beam-width 
of approximately 60 degrees. Being of 
metal construction it should be 
mounted behind a protective insulating 
grille to prevent it being touched. Such 
a grille should be chosen to have a low 
attenuation to ultrasound at 40 kHz. 
The transducer should be connected to 
the receiver circuit board by a short 
length of screened microphone cable · 
and should not be grounded other than 
via this cable. o 

Reference 
1. Daniels, J. F. "Wireless World teletext 
decoder". Wireless World, November 1975 to 
June 1976. 

Printed circuit layouts can be supplied from 
this office. Please send a stamped, addressed 
envelope. 

terns as well as television and portable radio 
receivers, and any servicing information . 
published by the makers during the year is · 
included in a separate section: R. N. Wain~ 
wright edited the collection, which costs 
£10.50. The publishers are Macdonald and 
Jane's Publishers Ltd, Paulton House, 8 
Shepherdess Walk, London Nl 7LW. · 

Modem Instrumentation Tape Recording is a 
small. though 'densely-packed handbook in
tended to help the user of this equipment to 
select and apply it intelligently. It assumes no 
knowledge of magnetic recording, beginning 
as it does with a chapter on the physics of 
recording on tape, although the reader is 

· treated as an intelligent being and is not 
"written down" to. In the second chapter, the 
concepts of direct, f.m. and digital recording 
techniques are introduced and are then 
allotted a chapter each, the treatment being 
exceptionally clear. Tape trarsports add 
heads are then discussed in two chapters, 
which are followed by a section on the 
selection of an instrument for specific work. 
A particularly useful chapter indicates pos
sible malfunctions and their prevention Qr 
cure and a chapter is devoted to the various 
standards of format and calibration that 
exist, with particular reference to the IRIG 
set of standards. Finally, a section describes 
some typical applications of the instrument. 
The book is written by the staff of the 
Engineering Depaf1ment of EMI Technology 
Inc. It is obtainable from SE Labs (EMI) Ltd, 
North Feltham Trading Estate, Feltham, 
Middlesex TW14 OTD. · 
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Digital data recording 
without f .s.k. 

Simple interface for audio recorders uses differentiation 

by BrianT. Evans, B.Sc ., Ph.D., M.I.E.E ., M.B .E.S . 
St Bartholomew's Hospital, Department of Medical Electronics 

Contrary to current belief digital data can 
be quite easily recorded on unmodified 
audio reel-to-reel or cassette tape 
recorders . This can be done via a simple 
interface unit, and the unit described in 
this article has been in use for more than 
five years at St Bartholomew's Hospital, 
London, for recording a stream of digital 
numbers corresponding to the inter-beat 
interval of patients ' heart rate . In the 
hospital system this recorded data is 
statistically analysed by a minicomputer 
some time late~ by replaying the audio 
data tape at two or four times the initial 
recording speed through one of the 
computer's input ports . 

IT IS MORE usual to record slow speed 
digital data onto. cassette tape by the 
use of frequency shift keying. However, 
our main requirement was that the 
method of recording and recovering the 
data from tape should be independent of 
the tape speed. In this way data or
iginally recorded at l9w speed could be 
transcribed into the computer at any 
convenient higher speed without the 
need to adjust the interface unit. 

· Domestic audio tape recorders are 
usually 'flat' from about 100Hz to 
6,000Hz or more. If a . digital square 
wave at, for example, a repetition 
frequency of a few hundred hertz is first 
recorded onto audio tape and ·then 
examined on an oscilloscope, on repiay 
it is seen to be considerably distorted 
and, at first sight, useless. However, 
similar distortion (differentiation) 
would occur if the square wave were 
passed through an RC high pass filter 
whose -3dB frequency was chosen to be 
the same as the measured overall tape 
record-replay low frequency -3dB 
point. 

Experime nt will show, however. that 
this overall record-replay low frequency 
roll-off varies .both with tape speed and 
type of recorder. Let us therefore take a 
pessimistic view and choose an RC low 
frequency :...3dB point higher than ex
perienced on even poor machines. Let 
us tak·e a figure of 170Hz. equivalent to 
an RC time constant of 1 ms. 

If we now repeat our experimental 
recordings using the output of the 
170Hz RC filter as the signal source it 
can be seen that whatever tape speed is 
chosen there is very little difference on 
replay when compared to the initial 
differentiated square wave. Even if we 

replay the tape at higher speed there is 
little change in wave shape. Thus a 
suitable differentiated square wave will 
retain its shape over a wide range of 
tape speeds and speed-ups. A suitable 
simple circuit is shown in Fig. 1. 

We next require a method of refor
ming the differentiated pulses to their 
original 'square' shape. This is not as 
simple as it first appears since the digital 
information is not really a 50 : 50 square 
wave but an unknown run of marks and 
spaces. 

Perhaps the best known source of 
. serial digital data is that produced by 

and for v.d.us and teleprinters and serve 
as the example for this design. However, 
any serial digital data may be recorded, 
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via the interface, whatever the length of 
marks and spaces. 

When no information is being trans
mitted from · a v.d .u. the output line 
assumes a 'marking' condition, either 
defined as the flow of current or the 
continuous generatibn of digital 'ones'. 
It is convention to prefix each serial 
data word with a 'start' bit represented 
by either a digital 0 or the interruption 
of line current. Then follows typically 
eight data bits and a parity check bit 
that can be used for later error detec
tion. The next data word cannot be sent 
until there has been a halt in transmis
sion of one or two bit lengths (the 'stop' 
bits). We may take two examples. In the 
first serial word all the data and parity 

Fig. I. Differentiator for serial data. 
(The 3.3V zener diode and associated 
680Q resistor are optional; they were 
included to remove supply llne noise · 
when the output was high.) 

Fig. 2. Waveforrns in the interface un~f:: 
(a) original serial data; (b) square 
waves differentiated before recording: 
(c) input to interface from tape 
playback; and (d) outputs of lower and 
upper peak detectors. 

5V ----,. II 
ov - u u 
~: _-----------------------.ur-------r------,0r----·~ 
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bits are set to 0, in the second there is a 
more typical random pattern of 1s and 
Os. If the data has resulted from the 
manual depression of keys on the v.d.u. 
there may be a relatively long marking 
period between successive key strokes 
and hence data words. 

These two data word examples, both 
prior to and after differentiation, are 
shown in Fig. 2(a) and (b).lt can be seen 
that the absolute height of each dif
ferentiated edge depends on the run of 
bits before it. Because of this effect it is 
not possible to reshape the differen
tiated bits by means of a Schmitt trigger 
since there is no means of optimally 
settil).g the trigger level for changing bit 
height. the-problem is exacerbated by 
the lack of pigh frequency response of 
the replayed tape 'which serves to in
crease the rise time of the edges of the 
recorded waveform. This is illustrated -
in Fig. 2(c). The only remaining 
relatively undistorted reference point is 
the top of each 'spike' and it is the 
timing of these turning points that must 
be determined in order to reconstitute 
the original serial data stream. To 
accomplish this we require a peak de
tector. 

Peak detector 
If a pulsatile waveform is applied to the 
input of the conventional d.c. restorer 
as shown in Fig. 3(a), current flows i~ 
the diode only while the capacitor is 
charging up to the input peak voltage. 
When the capacitor is fully charged, 
current ceases and the diode no longer 
conducts. The same effect is produced if 
the diode is replaced with the base
emitter junction of a . transistor (Fig. 
3(b)). We may now estimate the mag-

(a) ' (ll) 

+ 

nitude of the capacitor's charging cur
rent by measuring the voltage drop 
across the collector resistor as shown in 
Fig. 3(f) . This voltage drop falls to zero 
once the input capacitor is fully 
charged. This, of course, occurs at the 
top of the input voltage pulse. However, 
it is interesting to note that charging 
current first starts to flow at some point 
near the bottom of the pulse once the 
magnitude of this new pulse exceeds the 
stored voltage remaining across the 
capacitor. This latter voltage is a func
tion of the d.c. restorer's RC time con
stant and the immediate past history of 
the magnitude and timing of previous 
voltage pulses. · 

One practical improvement to this 
circuit is the substitution of an 
operational amplifier and discrete diode 
for the transistor configuration (Fig . 
3(c)). (Another practical transistor ver
sion is employed in the clod~ frequency 
doubler circuit described later.) The 
op-amp circuit provides a constant 
negative-going voltage pulse during 
capacitor charging that can be-used to 
drive t.t.l. directly. Circuit operation is 
improved if a small voltage bias is 
applied to the non-inverting op-amp 
input. This avoids spurious outputs 
when no input signals are applied. This 
circuit has become a standard building 
block at Barts, including use as a peak 
detector of physiological signals such as 
the electrocardiogram. 

Tape playback interface circuit 
In Fig. 4 the tape recorder output is fed 
to a unity gain amplifier that acts purely 
as an inverting buffer. From there the 
signal follows two paths; the first direct 
to a peak detector, the second via an 

y 

( c) 

Fi~. 3. Development of peak detector: 
(a) conventional d.c. restorer using a 
diode: 'restored' output available at Y: 
(b) base-emitter junction of transistor 
replaces diode of (a): a negative input 
pulse is available at Z while C is 
charging: (c) improved version that 
gives a constant output voltage for any 
capacitor charging current: (d) typical 
input pulses at X and the discharge of 
C's stored voltage through R: (e) 
capacitor charging current: (f) 
transistor collector output voltage at Z. 
related to capacitor charging current: 
and (g) op-amp output voltage at z 
showing improved. rise and fall times 
over (f) . 
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inverter and identical peak detector. 
Typical waveforms are shown in Fig. 
2(c) and (d) . The negative-going output 
of each peak detector is fed to the set 
and reset inputs of the bistable formed 
from two cross connected Nand gates. 
At first sight it would appear that the 

. 'squared' output of this bistable is the 
reconstituted digital data (Fig. 5( c)) . 
This is not quite true since set and reset 
are initiated at the start of diode con
duction in the peak detectors. We need 
to delay the operation of the bistable to 
the end of the peak detector's diode 
conduction period so that the transis
tions of the digital output coincide with 
the peaks of the input waveform rather 
than occurring indefinitely early. 

To achieve this delay the t.t.l . com
patible peak detector outputs are also 
summed in a 7400 Nand gate (now a Nor 
gate under negative logic) and inverted 
in a further 7400 gate (Fig. 5(d)). In this 
way the trailing edge from either peak 
detector, virtually coinciding with the 
peak of the input voltage, clocks the 
7474 'D'-type flip flop. This procedure 
delays the S-R bistable transitions to the 
correct points in time so that the Q 
output of the D flip-flop now provides 
the correct reconstituted data (Fig. 5 
(e)) . 
· In practice both Q and Q outputs are 
made available via a switch as the 
recording process may introduce an 
even or odd number of analogue inver
sions of the signal. . 

Optional clock track recording 
Although two separate · transmit and. 
receive clock oscillators may be 
employed to feed the parallel-ser,a) and 
serial-parallel converters tha,t are 'blsed ·. · 
to generate and receive the serial data 

· stream, it was thought convenient to 
add a separate clock track to the stereo 

· tape recorder. The availability of such a 
signal permits complete freedom in the 
initial choice of tape speed and final 
tape speed-up without the need to ad-
just the interface. · 

In the original design , parallel-serial 
and serial-parallel conversions were 
performed in u.a.r. t. (universal 
asynchronous receiver transmitter) 
chips that require a clock input at 16 
times the intended serial data rate. For
tunately, since this signal is frequency 
divided within the chip, the m~rk space 
ratio of the clock signal is not critical. 
The original design specified a serial 
data recording rate of 750 bits/ s thus . 
requiring a 12kHz os.cillator for the 
u.a .r.t. transmitter. Experiments 
showed, not unexpectedly. that at the 
lowest tape speed of 4.75cm/s the 
reproduction of a 12kHz signal was less 
than perfect. However, when a 6kHz 
recorded signal was replayed at a 4 x . 
speed up (19cm/s) a surprisingly clean 
24kHz sine wave was displayed on the 
oscilloscope. 

So , if the transmit clock signal is 
frequency divided prior to recording is 
there a simple method of frequency 
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Fig. 4. Circuit of digital interface for tape playback. +5V 

Inverter-buffer 

ov--~------------+-----_.----------------~~ 

Suppli es +5V. 0, -12V 

doubling on replay, preferably indepen
dent of frequency? The circuit described 
below operates from sine or square 
wave input signals over a range wider 
than 1 to 30kHz and is also not critical of 
input amplitude. It produces a short 
output pulse on each occasion the input 
waveform passes through zero, viz, 
twice per input cycle. · 

Clock frequency doubler 
In Fig. 6 the unity gain inverting buffer 
amplifier feeds separate buffer and in
verting amplifiers so that identical out
of-phase tape clock signals are pre
sented to a two-diode gate. The output 
of this gate will always follow the more 
negative of its two input signals (see 
Fig. 7(d)). There is thus an abrupt 
change or turning point in the gate's 
output as first one then the other, 
complementary :clock signal is tracked. 
The.se abrupt 'changes (or spikes) are 
detected in the subsequent simple tran
sistor peak detector. The substitution of 
a reverse diode in place of the conven
tional resistor across the base-emitter 
transistor junction permits the peak 
detector to operate over a wider range 
of both input voltage and frequency. 

ov 

(a) 

(b) 

(c) 

(d) 

(e) 

Fig. s: Waveforms in the playback 
interp ce of Fig. 4: (a) output of lower 
peak etector: (b) output of upper peak 
detectbr: (c) output of S-R bistable: (d) 
clock i~put: and (e) Q output of 7474. 
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Fig. 6. Circuit of frequency doubler. 
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~~--------.-+5V 

Output 

BC182 

Parallel delay 
Si • 

The inclusion of the buffer amplifier is 
not essential if the circuit is to be used 
on input frequencies below about 5kHz. 
It is only introduced to counter the 
short time delay of the parallel inverting 
amplifier path that results from the 
well-known voltage slew rate limitation 
of the 741 amplifier. The alternate use of 
748 operational ampl ifiers using dis
crete 22pF compensating capacitors 
permitted trouble-fr ee operation 
beyond 50kHz input frequency. 

----~--------------~----------------------~----_.---ov 

Setting up 
Some form of error monitoring is re
quired. the simplest being the co.nnec
tion of the parity error line of the 
serial-parallel digital receiver to a light 
emitting diode. 

Data replay level 
· A playback output level of less than 
1.4 V p-p will fail to trigger the peak 
detectors and the output will remain 

permanently high or low. Levels in ex
cess of 8V p-p will experience clipping in 
the buffer and inverting analogue 
amplifier and will thus destroy the true 
turning points of the waveform. Such 
clipping will markedlyA.ncvease the 
error rate. '"' ·· ·. ·. \ i· ~ ,., 1 f l') • ; \ 

In practice an error .t rbugh ·exists for 
replayed signals in t he ·range 3-6V p~p 
whereas outside these limits error rate 

Peak detector 

rapidly increases. It is easy to det.ermine 
the edges of the trough and to set the 
level control midway betwee~ these 
limits. 

Clock track option 
Below a similar replay level of about 
1.4V p-p the frequency doubler will not 

continued on page 70 





62 WIRELESS WORLD. APRIL 1979 

CIRCUIT IDEAS 

Power amplifier uses 
m.o.s. f .e. t. input 
The normal longtail pair circuit is 
avoided in this design which offers a 
high input-impedance by using a 
m.o.s.f.e.t. input. The -3dB point is set 
by cl and c2. and d.c. feedback is 
appiied via the lOOks-2 variable resistor. 
Quiescent current is set by the 240Q 
potentiometer, and is adjusted for 
minimum crossover distortion. 

In operation, the amplifier has proved 
·to be very stable, and will provide up to 
50Wr.m.s. 
A. R. van Wijgerden 
Coventry 

+60V 

3k3 

TIP29C 1M2 

._~ .......... _. ..... ._ ......................... -4----------~--t---oov 

v,, 
~--__;,_;...__ __ ....,. ___________ ---1r---- +12V 

LED2 

LED4 

R7 
1k 

L_ __________ _. __________________ ._ _____ ov 

L.e.d. tuning meter 
Due to their low cost and availability. 
l.e.d. displays are becoming popular as 
replacements for conventional meters. 
This design replaces a f.m. tuning meter 
with a line of five l.e.d.s, and uses a 
single MC3302 i.e., which contains four 
comparators with open-collector out
puts. When off-tune, Vin from the dis
criminator equals vref• all of the 
comparator outputs are high, and LED3 

is illuminated. Tuning towards a station 
causes Vin• to swing more positive than 
V ref· which drives comparator outputs 1 
and 2 low but only LED1 turns on. As Vin 
increases further, output 1 goes high, 
turning LED1 off and LED2 on. the 
on-tune condition turns LED3 on again 
when Vin is within ± 0.25V of Vref· Com
parators 3 and 4, with LED4 and LED5 

behave similarly when Vin is less than 
vref; therefore the display acts like a 
centre-off moving-coil movement. 

For eo~~~t op-eration, Vre~-~ust be 
around 6V, otherwise R1 and~ must be 
altered. Also, Vret must have a low 
impedance source. so buffering may be 
required. 
T. P. Hopkins 
Haywards Heath 
West Sussex 
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Directly coupled class A headphone amplifier 

In this headphone amplifier a constant 
current source for the drain load allows · 
maximum gain to be achieved. The 
circuitry to the right provides the 
necessary centre tapped supply from a 
single rail, and is not required if a centre 
tapped power supply is used. 

The variable resistor is adjusted so 
that no current flows through the load 
under no-signal conditions. Circuit 
values depend on the supply voltage 
and headphone impedance which can 
vary from 8Q to 2ks-2. 
G.Nye 
Reigate 
Surrey 
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· 7-segment hexadecimal 
display 
This low cost circuit decodes 4-bit bi
nary data and drives a common-anode, 
seven-segment l.e.d. display, which 
presents the input in hexadecimal 
notation. The numbers 0 to 7 are I 
decoded by i IC 5, and NAND gates 
1C1• 2. 3 decode 8through to F. \Vhen one 
section of the decoder is operating, the' 
other part is inhibited. As the maximum 
sink current per display segment is 
16mA, suitable current limiting resistors 
must be used. The typical current con
sumption of the circuit is around 
125mA. 
Kunal Sen 
Calcutta 
India 
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NEWS OF ·THE MONTH 
First general-purpose 1 GHz scope 
Five years ago, Tektronix decided to develop a 
general-purpose oscilloscope to break . the 
magic 1GHz barrier. Although a specialized 
instrument already offered a 1GHz band
width, its vertical sensitivity of around 10 
V /em and a sweep rate of only 2ns/cm made 
it impractical for many applications. As this 
performance was close to the limit, using 
conventional components, three main deve
lopments were undertaken. A new, wide
bandwidth c.r.t. was designed with a : dis
tributed horizontal deflection system, and a 
meshless scan expansion lens which expands 
: the electron beam 41/z times vertically and 4 
, times horizontally, substantially redu,cing 
the tube length. A microchannel-plate elec
tron multiplier gives a high writing speed and 
enables fast transients to be photographed 
with an average-speed camera and ordinary 
film. The microchannel-plate, which is a 
secondary emission device behind the c.r.t., 
also removes the problem of "blooming" 
when the beam intensity is high by limiting 
the brightness just as the plate's electron 
amplifier becomes saturated. 

To overcome ' the problems of high
frequency amplification Tektronix developed 
an in-house _linear i.e. process called SHill 
(super high 3). The process combines very 
shallow diffusions with ion implantation to 
produce devices with a unity gain at 6'12GHz. 
To complement these i.cs a micro-stripline 
printed circuit layout was designed to 
accommodate each package. The third 

The Tektronix 
Model7104 
oscilloscope seen 
here has the high 
sensitivity bf 
lOmV!cm in real 
time at frequencies 
up to 1 GHz, and 
the ability to 
display sub 
ncmo-second 
single-shot events 
in ambient light. 
Inspecting the 
oscilloscope are 
(left to right) Keith 
Retallick - sales 
manager, Derek 
Smith - marketing 
development 
manager, and Ed 
Morrison
managing director. 

specialised design was the interconnection 
system which uses metallized elastomer 
contacts to reduce reflection losses and 
mismatching. 

The final product of this expensive deve
lopment programme was the model 7104 
which is compatible with the existing Tek
tronix 7000 series of plug-in instruments. 
This oscilloscope offers a rise time of 350 ps, 
an X/Y bandwidth of 350MHz, full sweep 

triggering up to 1.5GHz, a photographic 
writing speed of 20cm/ns, and a trace which 
is claimed to be 1,000 times brighter than 
usual for one-shot events. 

Although the price of between £11,000 and 
£15,000 puts the instrument out of range of 
many budgets, Tektronix feel that the deve
lopment spin-off and intangible benefits from 
pioneering this specialized area are worth the 
investment. 

Soviet space probes provide nevv 
·information on Venus 
Two Russian space probes which landed on 
the surface of Venus on December 21 and 25 
have provided new information about the 
planet's atmosphere, according to a January 
issue of the journal Soviet News. They have 
shown that the ratio of the isotope Argon 36 
to Argon 40 is from 200 to 300 times greater 
than on· Earth . Special gas chromatographs 
which were landed on the surface of the 
planet have also recorded the presence of 
carbon monoxide. Chromatographs . are 
usually fairly bulky instruments, but the ones 
used in this experiment weighed only about 
2lb and were known as "Sigma'.' probes~ 

The probes were released from two 
automatic interplanetary stations, Venus 11 
and Venus 12, which were launched on 
September 9 and 14 respectively as part of a 
continuing programme investigating Venus. 
The equipment on the space vehicles was 
developed by Soviet and French scientists. 

Although Venus 11 was launched before 
Venus 12, the latter reached the vicinity of 
the planet first because it was on a shorter 
flight path, and its probe was released four 
days earlier than the other. The probes 
landed about 500 miles apart and reported 
atm9spheric pressures 88 times greater than 
those on the Earth, and temperatures in the 
region of 445° to 460°6,--says_the journal. 

The information from the probes was relayed 
to Earth via the interplanetary stations 
which continued in flight in orbits centred 
about the Sun. During the probes' descent, . 
nine samples of the planet's atmosphere were 
taken by the chromatograph instruments 
and these confirmed that its main con
stituents were carbon dioxide and nitrogen. 

An earlier issue of Soviet News reported 
that cosmonauts Vladimir Kovalyonok and 

Alexander Ivanchenkov, on board the Salyut 
6- Soyuz 31 complex, completed 100 days in 
space on September 23, 1978, beating the 
previous record of 96. The cosmonauts, 
whose health took four to six weeks to settle 
down while in space, were investigating the 
ozone layer using a special telescope. They 
also carried out experiments related to the 
formation of semiconductor crystals in con
ditim; s of weightlessness. 

Yet another mobile radio working party 
At the annual general meeting of the Mobile 
Radio Users' Association, held on January 18, 
it was agreed that the Association would set 
'UP a working party, together with the Elec
tronic Engineering Association, to discuss 

· the problems of channel loading within the 
mobile radio frequency bands. Both part ies 
felt that the present policy of the Home 
Office on mobile radio would cause severe 
difficulties, especially in the Greater London 
area. Secretary of the MRUA, Mr Ron Lon
don, told Wireless World that what most 
worried the two parties was the Home Office 
view that a system which permitted 80% 
channel loading during busy hours was feas-

ible. The MRUA did not think that this was 
possible at the present time since members 
had heard 70% channel loading and this had 
been "pretty chaotic." In due course this 
loading might be feasible, when users are 
familiar with heavy channel loading, he said, 
but to implement it fairly suddenly would be 
a mistake, particularly when a number of 
different types of user Were involved. The 
working party would therefore attempt to 
come u·p with evidence to show that 80% 
channel loading was not practical at the 
present time. Mr London hoped that the 
party would report its findings to the Home 
Office within the next few months. 
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CB letter to the PM Conferences and 
Exhibitions 

On January 12, James Bryant, the president 
of the Citizens' Band Association, sent .a 
letter to the Prime Minister, The Rt. Han. Mr 
Jim Callaghan, pointing out the rapid growth 
of the illegal use of citizens' band radio in this 
country, and urging him to legalize high
performance v.h.f. c. b. before the pressure of 
illegal use compels the legislation of the 
American system in this country. The adop
tion of the American system would lead to a 
flood of Japanese equipment into this coun
try, while v.h .f. c.b. radios could be 
manufactured in Britain. "Four British 
manufacturers are already prepared to 
manufacture such sets should c.b . be 
legalized," he wrote. . 

In his opening sentence Mr Bryant asked 
the Prime Minster to reconsider his govern
ment's opposition to the introduction of 
citizens' band radio in this country. Great 
Britain and Eire, he said, were the only 
countries left in Europe which did not allow 
private citizens some form of short range 
radio communication. 

Most of Mr Bryant's letter dealt with the 
main arguments which had been put forward 
against c.b. and comments which he had to 
make on these objections. These arguments 
are now quite well known and many of his 
comments reflect what are now common 
views amongst the pro-c.b. fraternity, views 
that have already been discussed in Wireless 
World. However, a few of his comments are 
still worthy of note here. 

About the argument that the administra
tion required to control c.b. would be pro
hitively complex, Mr Bryant made the point 
that modern silicon-chip technology made it 
not only possible but simple to fit every c.b. 
set sold, at the factory, with a unique identi
l'ying signal which could not be tampered 
with without the resources of a microelec
tronics factory and without which the c. b. set 
would not transmit. The extra cost of this 
advice would be under 50p, he said, and it 
would reduce the administrative costs of a 
c.b. service to a low level, and also increase 
the impracticality of criminal or anti-social 
use of c. b. 

In the letter Mr Bryant claimed that there 
were many MHz of available frequency 
spectrum in the v .h.f. and u.h.f. regions 
which, though allocated were unused. The 
220 to 240MHz range, for example, had un
us~d sectors -some never used since 1944. 
There was also space around 900MHz, and 
possible space in the near future where the 
v.h.f. tv channels are now. Very little spec 
trum was needed for c.b. ; according to Mr 
Bryant, 0.5 to 1MHz would be ample and even 
200kHz could provide a reasonable service. 
He believed that, given political will, the 
spectrum space could be found . 

Mr Bryant stressed that the American 
27MHz a.m. standard, as used in most of the 
countries having c.b., was unsuitable for a 
small, densely-populated country like 
Britain, and he reminded the Prime Minister 
that the NEC, BREMA and the EEA were all 
agreed on this . 

In describing the present seriousness of 
illegal c.b. in Britain Mr Bryant said that the 
Citizens' Band Association had estimated 
that there were now about 15,000 illegal users 
in this country and that their number was 
growing by about 1000 every month .* If the 
growth in illegal operators continued the 
Government would be forced, as happened in 
Australia, to legalize what was already being 
done. There would then be no possibility of 

introducing a more complex system, or 
automatic identification, and the Govern
ment would be forced to legalize an 
American-style system, with all its problems. 
Britain would also miss out on the 'golden 
opportunity' of leading the world into a new 
generation of c. b. radio. 

• Wondering how any individual or association 
could possibly estimate the number of illegal 
operators with any accuracy at all, Wireless World 
asked James Bryant exactly how this was done. His 
answer was that people go out to the main cities 
where c. b. operation is known to take place, such as 
London, Bristol, Birmingham, Manchester and 
Liverpool, and listen. From this, he said, one can 
estimate the number and check it against the 
number of sets which the Association knows have 
been brought into this country. The latter figure, 
according to Mr Bryant, is at least 10,000, but there 
is equipment, legitimately manufactured for the 
10-metre amateur serviCe, which is also being used 
for c.b. Wireless World still finds it very difficult to 
·see how these figures can be arrived at. While we 
know exactly how many radio amateurs there are 
in this country, we cannot see any way in which 
this number could be obtained from any amount of 
listening because the number of amateurs 
operating at a particular time depends upon so 
many factors. Indeed, one would expect that the 
problem is even greater with illegal c.b. operation 
because the operators, surely, would endeavour, to 
some extent at least, to keep their identities and 
locations secret. This would not help the listener 
who is trying to count the number of people 
operating at that time. Having said this, Wireless 
World does agree with most of what James Bryant 
has said in the remainder of his letter. 

When asked which four British manufacturers 
were prepared to manufacture c.b. sets, Mr Bryant 
said that, for their own commercial protection, they 
had requested that their names be kept secret. 

After two successful conferences at Mon
treux in 1975 and 1977, the 3rd Electromag
netic Compatibility (E.M.C.) Symposium and 
Exhibition, planned for May 1 to 3 this year, is 
to be held in Rotterdam, Holland. 

The 22nd Salon International des Compo
sants Electroniques is to be held from April 2 
to 7 this year at the Porte de Versailles, Paris. 
It will be an exhibition of components and . 
electronic sub-assemblies, measuring instru
ments, and materials and products for the 
electronics industry. A conference will also 
be held between these dates. 

Communications 80 will be held from April 14 
to 18, 1980, at the National Exhibition Centre 
in Birmingham, England. With an exhibition 
area of 18,000 square metres, it is expected to 
be the largest yet held. The international 
exposition is again being organised by Tony 
Davies Communications. 

A call for papers has been made by the lEE 
for the 5th European Solid State Circuits 
Conference (ESSCIRC 79) which is to be held 
at the University of Southampton from Sep
tember 18 to 21 this year. Abstracts should be 
submitted by May 2. Further details from the 
Institution of Electrical Eng ineers (lEE) 
Conference Department, Savoy Place, Lon
don WC2R OBL. 

A new exhibition for the amateur, hobbyist 
and small professional buyer is to be held at 
Alexandra Palace, London, from June 28 to 
30 this year. The Great British Electronics 
Bazaar, as it is to be called, is being organized 
bv the Evan Steadman Communications 
Group, Saffron Walden, Essex. 

Twelve hour book-reading cassette 
for the blind 
The Foundation for Audio Research and 
Services for Blind People has achieved one of 
its major objectives - the storage of 12 
hours' reading on a C90 cassette similar in 
design to a standard compact cassette. To 
accomplish this they employed specially
modified cassette recorders which made use 
of four recording tracks in the mono track 
order 1, 4, 3, 2, at a tape speed of 1.2cm/s. The 
significance of this achievement is that it will 
enable audio books to appear on the shelves 
of public libraries alongside printed editions, 
and be available in bookshops at comparable 
prices. 

Mr Arthur Wilson, the honorary director of 
the Foundation, said at a press conference in 
November that, apart from people with 
visual and physical handicaps, there were 
millions of people who could not or did not 
take advantage of printed books but who 
would read audio books. Remploy Ltd, which 
provided employment for seriously disabled 
people, had undertaken to manufacture 
equipment by which these audio books could 
be read. Mr Wilson concluded ·his speech 
with an appeal ; first, for general support for 
the project in principle, and secondly, for 
financial help to enable the project to pro
ceed as quickly as possible. A sum of £50,000, 
required to translate the laboratory versions 
of the cassettes into prototypes, was quoted 
as the appeal figure in a draft of the con
ference report. The Foundation's HASLAF 
award for 1978 was then presented to Mr 
Malcolm Watford of Heme! Hempstead in 
recognition of his work . in designing 

modifications which had already trans 
formed the lives of many blind and partially~ 
sighted people now using equipment sup
plied by the Foundation. 

Technical information which has been 
released about the equipment so far gives a 
wow-and- flutter figure of less than 0.1% and 
a frequency response of at least 6kHz, despite 
the slow running speed. 

Solar power has 
great potential in 
Israel 
Experts in Israel say that the Dead Sea has 
the potential for supplying their country with 
150% of its electricity needs. Already, a 
two-acre solar pond on the shores of the 
Dead Sea is providing enough energy to 
satisfy the heating and cooling requirements 
of a 200 room hotel being built there. 

The solar pond idea was conceived by 
Professor H. Tabor, of the Hebrew University 
in Israel. Energy in the form of hot water is 
extracted from the bottom of a specially 
layered pond without making waves, which 
could disturb the build up of heat. Each layer 
consists of water of a different salinity. The 
hot water is then passed through heat ex
changers so that the heat produced may be 
used with turbines driving electrical power 
generators or directly for air conditioning or 
other systems. 
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Novatexts-~ 2 · 
by Peter Williams 

It is now necessary to investigate in more detail the imperfections and sources of e.rror in r~mp 
generators. The discharge part of the cycl~ is left till later, and the . results obtained are equally 
applicable to triangular wave and sawtooth generators, as to the generation of ariy waveform 
having a nominally linear region . The first step is to apply the circuit theorem to the input section 
comprising the voltage generator in series with a resistor. This is identically equivalent to a current' 
generator in parallel with the same resistor provided that I =.VIR. This allows of a different 
interpretation of the effect of finite voltage gain. The higher that gain, the lower the voltage 
appearing across the equivalent parallel resistor, and hence the smaller tht;l error current . As the 
voltage gain becomes infinite so the error current in the equivalent resistor reduces to zero and the 
circuit behaves as if the current generator were perfect. The circuit only functions correctly for an 
inverting amplifier - if non-inverting. the regenerative feedback through the capacitor leads to 
oscillation . · 

It is simpler and also more practical to consider the effects of finite voltage and. current g~in 
separately. At least for first~order terms the effects are addi.tive, while. in important practical cases 
only one error at a time is significant . For finite voltage gains the Blumlein/ Miller effect provides a 
good way of evaluating the error . An impedance Z placed across an amplifier of gain Av, results in a 
current flow at the input equivalent to an impedance Zl (1-AJ placed in parallel with the input (a 
second impedance across the output required to complete the equivalence has no practical effect if 
IA;l~00 as in the case assumed here) . This places a capacitance of C(1-A 11)in parallel with Rat the 
input showing the new time-constant to be (1-AvJT; with Av negative and IAvl very 
large the time constant is correspondingly large. The inverse transformation can be 
even more useful. The resistor across the input is replaced by one across the feedback capacitor to 
provide the same input current. ltsvalue is found to be R( 1-AJ. and the final effect is that of a very 
high value of leakage resistance: the charging current still depends on R, while the current error 
corresponds to R ( 1 -A)» R. · · 

The advantage of the previous interpretation becomes. clearer whe,n the errors due to fin it~ 
current-gain are investigated. In this case we assume an iDfinite voltage gain so that only one error 
at a time is under investigation. Hence there is zerq voltage drop across the amplifier input 
terminals and in the Norton equivalent form the generator sh1.mt-resistance, shown in broken lines, 
introduces no error. The load resistance draws a current that results in a proportional current flow 
into the amplifier input terminals. This current increases linearly with the output voltages and has 
the same effect as a resistor placed directly across the capacitor. The value of the equivalent resistor 
is f?und to be -~ ;~ L where A, i~ negative. and lA .\» 1 is the ideal condition. Again this allows the 
res1stance determmmg the error m the slope to be large while the load resistance is small. This form 
of error is dominant in single-transistor ramp-generators, widely used for simple time-base circuits. 
The effect of finite. voltage gains is apparent in ramp generators using field-effect transistors. 

One particular form is considered first to show the applic;tion of the theory introduced above. 
Two other forms, also well-known, are then shown to be of the same family corresponding to a 
simple shift in ground-point. A capacitor is placed between base and collector of a bipolar transistor 
with resistors from each point to the supply line (positive for a n-p-n transistor). The transistor is 
assumed to have V BE= constant corresponding to a high voltage gain, and this may be further 
simplified to V BE= 0 since typically V 5» V BE· The current in R 8 is fixed and the majority of it charges 
the capacitor with a small portion flowing in the transistor base to sustain the required output. 
Initially the input is shorted, the output is at V 5 and the capacitor is fully charged. Hence the voltage 
across R c is zero and when the short is removed 1 8~0. The inverting gain results in a 
negative-going ramp, increasing the voltage across R c and the collector and base currents . Thus 
while the change in output voltage produces a change in slope attributable to a shunt resistance 
hFERc (where hFE == -A;) a voftage V 5 has to be added in series with it to account for the fact that 
for Vc =V5 VRc=O and vice-versa. 

Three apparently different ramp generators appear in the technical literature: the Blumlein/ 
Miller integrator, the constant-current circuit and the bootstrap circuit. These differ greatly in detail 
but form a closed family with all essential points in common . The active device has three terminals 
~ny one of which may be grounded. In one mode (grounded emitter, source, cathode) the stage 
mverts and the magn1tudes of both voltage and current gain are » 1. In the second mode 
(grounded base, gate, grid) the stage is non-inverting with approximately unity current gain. In the 
third mode (grounded collector, drain, anode) the stage is non-inverting with approximately unity 
voltage gain. The capacitor is placed between base and collector or the equivalent locations for 
f.e.t .. s and valves,. with a resistor and voltage bias in series between base and emitter . The bias 
voltage may be .provided directly by the supply, by a separate but grounded bias voltage or by a 
floatmg battery. Thus the circuits differ in convenience but are internally similar. Each forces a 
constant current to flow in a capacitor generating a linear ramp . ' 
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Linear ramp 

THEORY 

The voltage generator can be replaced by the current generator provided 
each provides the same open-circuit voltage and short-circuit current. Let 
the current generator have a resistor R in parallel. 

I 

VIR =I short-circuit current 
V =IR' open-circuit current 
Result holds for W=R 

The Blumlein-Miller effect postulates the replacement of a feedback 
impedance by input and output terminating impedances that draw the 
same currents from source and output as does the feedback impedance 
and are hence equivalent to it. Commonly the impedance across the 
output can be ignored: with a high-gain amplifier it is almost equal to the 
feedback impedance while the output impedance is low. Similarly an 
impedance across the input can be replaced by a feedback impedance of 
appropriate value. 
Let i, i' be currents drawn from the source in the two cases 

i =vir 
i' =(v-Avv)R' 

For i =i' 
v/R =v(1-AJIR' 
R' =(1-Av)R 

For Av large and negative 
R 1 > > R and the time constant is 
'T1 = RC(1-AJ = (1-A)'T 
'T =JAvJT 

This is identical with the value obtained by the usual Blumlein~M iller 
calculation where Cis replaced by C(1-Avl across the input. 
To complete the equivalence the current flowing in the notional feedback 
resistance has to be cancelled by a resistance across the output carrying an 
equal and opposite current . In the high-gain case the voltage is large and 
the resistance correspondingly so. For op-amp circuits the loading effect is 
negligible and only input I feedback equivalence need be observed. 

For JAvl_.oo the input voltage ->0, a true virtual earth that prevents the 
·source resistance from contributing to the non-linearity. The current gain 

is A; and is negative for negative feedback. 

Load current 

Input current 

Replace RL by resistor R' between input and output. This resistor is to 
div.ert the same current away from the capacitor as ~id the amplifier input, 
the gain of the amplifier now being considered infirite. 

. , Vo : 
Current m R =--

,R' ' 

and R' _:_.oo for A; large and negative. 

For V6E~o. charging current is V.IR 8 . 

Initial conditions V c = V, 
and IRc=O 

Ia ;;;Q 

hFe=A; 

v.-vc 
'Error current=---

hFERc 

This current has an initial value of zero (V.=Vcl and a maximum value of 

v. . 
--forVc=O. 
hFERc 

V, IV, R8 
Max% error is- -=---

hFeRc Rs hFeRc 
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generators 

EXAMPLES 

1. An amplifier has a voltage gain of -500 and negligible input current. It 
is used as a ramp generator with a 1 OnF feedback capacitor. The drive 
current is obtained from a 1 OV source through a 1 Okh resistor. What is 
the approximate time to complete a 20V ramp? Estimate the %change in 
slope from beginning to end of the ramP· 

Input current~ 1 mA 

!J.V lQ-3 
._c=--

!J.t 10-8 

20.10-8 

!J.t 
1 o-3 

!J.t~200J.i.S 

2.1 0-4s 

Circuit is equivalent to perfect current generator but with resistor 
1 OkS:2[1-(-500)Jin parallel with capacitor~ 5MQ. . 
.'. With Vc 20V, IR~4J.I.A . Thus the charging current is (l-0.004)mA. 
But dVc I dt<XIc i.e. the slope is reduced ;bY four parts in a 1000 or 0.4%. 

2. Repeat the previous question using the Blumlein-Miller effect to replace 
the feedback capacitor by an equivalent capacitor across the input. The 
result~ can be obtained by expanding the exponential term. 

V0 =AV 

V=V1(1-exp-t/'T) 

V0 =-500.1 0 .(1-exp-t/'T) 

dV0 -5000 
--=--- . exp-t/'T 
dt 'T 

'T~ 104 .1 o-8[1-(-500)] 

~5.1 o-2s 
For !J.V0 =20Vand the relatively high gain, !J.V is small compared with V 1 

i.e.t<<T 
exp-ti'T~ 1-ti'T. 

dV
0 

-5000 5000t 
dt 'T (1-t/'T) and V0~--'T-

i.e. the fractional change in slope is 

t 20 
~ -=---=0.4% 

'T 5000 

3 . An amplifier having JAvl->oo and A;= -100 feeds a 5kQ load. The 
feedback capacitance is 1 J.I.F and the input is an e.m.f . of 5V in series with 
1 kQ. Determine (i) the initial slope of the output waveform (ii) the % 
change in slope at an output of -1 OV if the lo~d is removed. 

. . . dV0 -dVc · I 
The 1n111al slope-=---=--

dt dt c 
-5.10- 3 

-5,000V Is 
10-6 

When the output is -1 OV. load current is -2mA. 

-2.1 o-·3 -2.1 o-3 
. ·.input current is,....., == 20J.1.A 

A; -100 

On removing load, the slope changes in proportion to the current i.e. ~ 
20f.1A is 5mA or 0.4%. 

·Alternatively take the load resistor as equivalent to a resistor of value R0 • 

(-A;) across capacitors i.e. 500kS2. At 1 OV out the current is again 40f.1A 
reducing the charging current and hence the magnitude of the slope by 
0 .4% 
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Low-cost logic analyser - -

THE LOGIC ANALYSER may be built 
into any suitable instrument case, pref
erably with a tilt-up stand as shown in 
the photograph, the prototype incor
porating a separate front panel and 
removable chassis for ease of servicing. 
The circuitry was wired on strip
board using self-fluxing, insulated cop
per wire, and the l.e.ds were mounted on 
0.1 in pitch Veroboard about 1;4in clear of 
the board. By drilling 3/i6 in diameter 
holes in the front panel with the ;:,arne 
pitch as the l.e.d.s, the display can be 
mounted behind the panel without the 
need for individuall.e.d. mounting clips 
and wiring. The display matrix for the 
sample channel can also be mounted on 
Veroboard and supported behind a 
rectangular slot, cut in the front panel 
and cov~red with a tinted plastic screen. 

The data inputs use 2mm connectors 
mounted directly beneath each respec
tive indicator, and an extra socket is 
used for the OV connection. Trigger 
input, sample channel and external in
put use BNC sockets, which allow the 
use of existing oscilloscope coaxial 
leads and screen interference signals. 
Slide switches are used for the selection 
of positive or negative waveform edges 
and the external input, and miniature 
thumbwheel switches preset the 
hexadecimal comparator and delay sec-

Construction and application 

by B. C. Adam~ 

tions. Th~ . threshold control poten
tiometer should be linear to within :±. 5% 
so that approximate calibration via the 
front panel can be achieved .. 

All wiring between input sockets, 
comparators, data latch and sample 
channel sections should be as short as 
possible, and the trigger input should be 
connected t.o the D type latch ;via 
coaxial cable. 

The power supply shown in Fig. 8 
uses regulator i.cs to give + 5V at 2A, 
+12V at 200mA, and. ~5V at lOOmA. 
Supply leads to the ·comparators 
must be as short as possible to reduce 
unwanted inductances which can cause 
the comparators to oscillate. Leads 
should also be decoupled with O.ltLF low 
voltage ceramic capacitors between the 
+ 12V to OV to -5V rails for each 
comparator. and a IO,_tF 35V tantalum 
capacitor for every six: comparators. 
The t.t.l. supply must also be decoupled 
with one ceramic O.lttF capacitor every 
three packages~ 

Applications . , . 
The following section describes some 
typical applications for. the logic ana
lyser. Unless a · storage ·oscillos-cope is 
available it is very difficult to view a 
one-shot event or series of events. The 
sample channel can store th~ logic 
signals if data information rather than 

signal parameters such as rise time ' are 
needed:: To detect · and store · a single 
pulse, the sample channel is linked with 
the external trigger input and con
nected to the signal point. The -trigger 

' threshold and sample channel threshold 
· are set for the logic family in use, and 
·trigger edge setting is made, dependent 
on whether the input signal is normally 
low or high and -whether . the trigger 

:delay is being used. Typical waveforms 
that can be stored are shown in Fig. 9. 
After the correct edge of the input pulse 
has occurred, the trigger inhibits the 
sample channel and the pulse is dis
played~ · By using the delay mode, ·the 
display will also store the state of .the 
input signal after the trigger ,signal has 
occurred. The period of the pulse may 
be calculated by counting the number of 
.sample clock periods that have 
switched the input. Each l.e.d. position 
represents , tl)e input logic state at the 
time of _one sample clock edge:. there
fore, if ·the pulse is shown high for 22 
l.e .d. positions and low .for the 
remaining 10, the pulse period is 22 
times the sample clock period. It should 

_ be noted that there can be an error of 
::±. 1 sample clock period on each dis
played transition of the input signal, 
and pulses of a shorter dl,lration than 
the sample clock period may be missed . 

It .is often necessary to design inter-

......• _., .... j.·' 
: '~: 

·) _, .... 
• • ~ • • •. • • ~ i 
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face circuitry for a mechanical contact 
and a logic system. With such circuitry 
the approximate. period of any contact 
bounce may be required and tnis·can be 
measured by connecting the contact to 
the logic analyser, and using the sample 
channel to store the bounce waveform. 
By using the delay mode, the display 
will show the bounce signal : aFter the 
initial trigger .edge has .been-received. 
The sample channel can also be used to 
display serial data from synchronous or 
asynchronous systems. By -using . the 
output clock of a teleprinter as. the 
sample clock . of the analyser, ASCII 
codes can be stored and displayed. . 

If the data· latch inputs and sample 
channels are used as shown . in Fig 10, 
serial to parallel converters tan be eas• 
ilychecked. 

Often, in logic systemS; faults . cannot ' 
be detected by a single step · process 
because they are caused - by the 
dynamics of the systems, e.g. decoding a 
delay in acounter which causes an in
.correct count. In such cases a sampling 
technique is necessary, but 'it can be 
difficult to ascertain the state of a 
number of signal points ata predeter
mined time. However, the data latch 
allows the sampling of signal points 
without interrupting the system. 
· The data latch can also be used when

function checking data buses, i.e. out
puts, b.c.d. decoders, coun~ers and . 
memories. The delay mode adds to the 
flexibility of the analyser by enabling 
the latch to sample data at a preset time 
after the arrival of a trigger signal. For 
example, if it is necessary to check the 
contents of a counter after it has 
received a number of count pulses., the 
counter outputs are connected to . the 
data latch, the count clock is connected 
to the external clock input and trigger 
input; and the delay mode is selectee! for 
the number of pulses required. When 
the count starts, the analyser will trig
ger and wait the preset number of 
pulses before inhibiting the data input 
latch. The latch display will then show 
the count value stored after the preset 
number ofpulses as shown in Fig. 11. 

A similar sy.,stem can be · used for 
checking memory contents against the 
number of write pulses received by the 
memory. In addition, the hexadecimal 
comparator can be used to detect false 
codes produced by the mem<;>ry, and the 
sample channel can record the state of a 
memory control line. - · · 

The problem of detectin.g and evalu
ating random or intermittent faults in a 
logic system is a common and often 
difficult one. This is· especially true in 
complex systems such as microproces
::.ors, where a large number of logic 
codes are produced. In such cas.es the 
analyser can be left on-line· to monitor 
the logic system, and set to . detect a 
predetermined fault. An indicator is 
provided, which flashes when the ana
lyser receives a trigger signal caused by 
the occurrence of the fault. The-data at 
the time of this fault is also stored. 

L 
. C>--<) 

I 
· J· 

I 
I 
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3A-

+16V 

*Mounted on 2°C/W heatsink 

Fig. 8. Power supply. 

Input signal._, ______ __. 

s. ch. disable 
!+ve edge trig.) 

S. ch. dis-play • • • • • • • • • • • · • • • • 

S. ch. disable 
(-ve edge) 

S. ch. display • • • • • • • • • • • • • • 

S. ch. disable 
(+ve edge/delay 
6 clock cycles) 

S. ch. display • • • • • • • • • • • • • • 

S. ch. disable 
(+ve ·edge/delay 
14 clock cycles> 

..S._ ch. display • • • • • • • • • • • • • • 

Fig. 9.Typ~cal sample channel displays. 

1 

A 

Data in 
0 1. 

B c 

1 

D 

Parallel to 
serial convertor 

Serial 0/P 

l Conversion clock 

Conversion clock 

Serial output 

Trigger CTL 

.j Logic analyser 

0 Data 
latch 

(Delay 3 conversion 
: display cycles after first trigger 

edge is received i.e. 4 
cycles in totaL> 

; 

Trigger 1/P ~· +ve edge i 
Sample channel I 

Ext. input (set to +ve edge) 

S. ch. disable ._-+------'----1.-----, 

S. ch. display • 0 
(1 

I 

0 

• 0 
• 0 
1 

I..._ ___ _, 

~ Fig. 10. Test system for checking a 
1 l parallel-to-serial c:of?verter. 
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Conclusion 
Since I built the analyser it has more 
than repaid the initial investment, and 
has enabled me to solve_ many more 
diagnostic problems than I had in
tended. Using the equipment has also 
given me some ideas for improving its 
performance. One suggestion is the 
replacement of the clock oscillator by a 
more accurate crystal type. It must be 
remembered, however, that the sample 
channel always has a possible error of 
one clock period on every sto-red 
transition, and the delay counter can be 
one clock period out at the end of its 
timing period. The l.e.d. display for the 
sample channel could be replaced by a 
single row ofindicators, and the number 
of sample channels irlcreased, each with 
its own trigger-control selection to pro
vide signal or data phase relationships. 
This would also permit the simult
aneous storage of triggered and delay 
triggered waveforms. The data latch 
section could be expanded so that it 
stores, for example, 16 bytes clocked 
into the store by a separate input. It 
would not be necessary to display all 16 
bytes at the same time, but each byte 
could be selected for display~ This 
facility would be useful for verifying 
truth tables or recording blocks of 
machine code instructions etc. I 0 
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Logic analyser 

lL 
Data latch 

l 0 1 2 31 Counter Delay torN 
clock pulses 

c lock . -
Trig. 1/P (+vel 

Ext . 1/P <+vel 

Example: Check counter value 5 

Delay disable 
t o data latch 
<Set to 5) 

0 • 0 • 0 • • • 
Latch display 0 0 • • 0 0 0 0 

0 0 0 0 • • • • 0 0 0 0 0 0 0 . 0 

Stored 

Fig. ll. Using the analyser to verify a counter's operation. 

Digital data recording vvithOut f .s.k.: 
continued from page 59 

work at all. Any signal above this mini
mum will operate the doubler even if 
severely clippeg in the preceding 
buffers/inverters. However, for reliable 
high frequency operation it is best to 
operate the operational amplifiers 
within their linear region. 

Error rate 
Errors are caused by imperfections 
(drop-outs) in the recording tape. If the 
tape drop-out time is as iong or longer 
than the bit duration then errors will 
occur. If the drop-out is appreciably 
shorter than this the system.will only be 
prone to error if the drop-out occurs in 
the interval between the onset of a pulse 
and its peak. 

Tape drop-outs that occur between 
the peak of one pulse and the onset of 
the next are of no concern. Drop-outs 
that occur in the rising pulse interval 
may either advance or delay the true 
transition time and may · or may not 
result in a received error. 

In practice it was found that a 
recorded data ra~e of 750 bits/ s pro
duced 15 to 20 bit errors per 1800ft reel 
'of 3M's 2106 114in audio tape. The recor
ding was made at 4.75cm/s and the 
errors determined at a four-times speed 

up (19cm/s) on a Sony stereo tape 
· recorder (model TC252). It was 
reassuring to see that using the clock 
track option no errors resulted from the 

4Vp-p 

4Vp- p 

2Vp · p 

(e) 

5V 

{OV 

Fig. 7. Waveforms in frequency doubler 
of Fig. 6: (a) original 6kHz square wave 
clock signal: (b) typical playback signal 
fed to upper diode: (c) inverted 
playback signal fed to lower diode: (d) 
diode gate output; and (e) collector 
output. 

deliberate slowing of the ·playback 
speed by injudicious finger pressure on 
the tape supply reel. 

Expressed more conventionally, error 
rate was about 1 in 5 x 105 recorded 
bits. The total storaieca-paclty ·ora· 
single track of an 1800ft reel is about 
750K 8-bit bytes in which .each byte .is 
assumed to be formatted with start, stop 
and parity error bits. 

Errors can be dealt with in two ways: 
(1) The played back information in error 
·may be ignored. (2) The information 
may be monitored by means of a 
separate playback head as recording is, 
taking place. If an error is detected the 
last block of information can be 
rewritten. 

In the Barts heartbeat interval data 
logging system it was thought that the 
occasional loss of a data word could be 
tolerated without seriously jeopardising 

· the statistical results. The receiving 
comp~ter's software notes that an indi
vidual word is in error and deletes it 
from the statistical calculations. 

However, if it is essential to ensure 
that each and every data word is c_orrect 
then it would be necessary to adopt the 
second, more complicated, approach. o· 
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RELATI VI TY AND TI M E 
SIGNALS 
I would like to comment on the article by 
Essen on relativity and time signals in your 
issue of October 1978. I would like first to say 
that Dr Essen is quite incorrect in saying that 
"No one has attempted to refute my argu
ments." A number of refutations have been 
provided, over more than two decades, in
cluding for example a letter written by myself 
in Nature in 1957 of which I enclose a reprint. 
Furthermore, Dr Essen came himself to this 
Department in November 1968 and he and I 
debated the problem with an audience of 
students. During this debate I gave a detailed 
and calculated refutation of his thesis. The 
problem is not that there has been no answer 
to his arguments, but that he has failed to 
understand the answers which have been 
repeatedly given. 

In each case the main discussion was 
concerned with the "twin paradox"; accord
ing to Einstein's theory of one pair of 
twins who remains on earth will have aged 
more by the time they meet than one who 
travels fast to a distant point and then 
returns. Dr Essen's statement that the Ein
stein theory implies that more ticks are trans
. mitted than received by either Traveller or 
Stay-at-home, each of which has with him a 
_clock ticking at a standard rate, is nonsense. 
One of the ways of refuting Di:- Essen's 
arguments is to show that if Traveller goes at 
very high speed from earth to a distant point, 
turns round in a short period and returns at 
the same high speed, his clock will in fact 
have ticked fewer times than has the clock on . 
earth which is operating throughout Travel
ler's hourney. The fact that all ticks emitted 
by each individual are received by the other 
is the solid evidence for the asymmetry of 
ageing. There is of course no a priori reason 
for assuming symmetry of results; one twin 
has never accelerated and the other has· 
suffered a major acceleration on starting and 
a maj_or deceleration and re-acceleration at 
the goal. The asymmetry is clearly shown by 
an extreme example. If Traveller moved at 
such a speed that he took only an hour longer 
to reach Sirius (a distance of 12 light years 
from Earth) than a beam of light would have, 
Stay-at-home will observe his recession not 
just for 12 years + I hour but for an hour 
more than 24 years since Stay-at-home will . 
see Traveller's arrival and deceleration 12 
years, in earth time, after it actually occur
red. Stay-at-home will watch Traveller's 
return from a distance of 12 light years for a 
period of only one hour since Traveller will 
arrive at earth only an hour behind the light 
emitted from Sirius at the time of his turn
around. If Traveller is broadcasting the ticks 
of his clock during his outward journey these 
will be returning to earth at a very much 
slower rate owing both to the Doppler effect 
and to the relativistic differences of the rate 
of the clocks. This slow rate will be observed 
by Stay-at-home for 24 years and an hour. 
During Traveller's return the rate of receipt 
of ticks on earth will be enormously greater 
but this very much greater rate will be 
observed for only one hour. 

The observations of Stay-at-home's clock 
by Traveller, however, are quite different. 
From Traveller's point of view the amount of 
slowing down of the ticks from Stay-at
ho-me's dock-during-the-earth;s recesslori 
from him will be identical with the slowing 
down observed by Stay-at-home during 
Traveller's recession. On Traveller's return, 
similarly , when · he sees the . earth 
approaching him rapidly Stay-at-home's· 

clock will appear to him speeded up by just 
the same amount as Traveller's clock had 
appeared to be speeded up as seen by Stay
at-home. 
. Now, whatever the time may be which is 
recorded by Traveller on his outward jour
ney*, i.e., the time that it appears for him for 
Sirius to reach him, exactly the same time 
period will be recorded by Traveller for the 
earth to reach him on the return journey 
since at the moment of his deceleration when 
he is stationary with respect to Sirius and to 
earth, the distance away from earth will 
clearly appear to him identical with the 
apparent distance of Sirius from earth just 
before he started. 

Accordingly, while Stay-at-home saw a 
slow tick rate for a very long time and a fast 
tick rate for a very short time Trav~ller sees 
the slow ticks and the fast ticks from earth 
for equal times and the total number of ticks 
received will therefore be very much greater. 
For ticks we can read heart-beats, and 
accordingly Stay-at-home and his clock must 
have aged more than for Traveller and his 
clock. It is easy using Einstein's equations to 
work out exactly both these times and the 
total number of ticks in each case but even 
without this it is evident that the ex 
periences of the twins are not symmetrical 
and that there is no reason at all to suppose 
that they should have aged by equal 
amounts. 

Finally, it should be pointed out that we 
have found experimentally that a fast 
moving particle which in the laboratory 
frame moves away at high speed and then 
returns will appear to age very slowly. 'IT 

mesons that revolve in a big accelerator at 
speeds approaching that of light do, on the 
average, survive for a very much larger 
number of rotations and do show a half-life 
for decay very much longer than do similar 
mesons which remain more or less stationary 
in the laboratory. It is thus quite certain that 

- - - ----·-- ---
*38 hours. This time is easily calculated. Ali parties. 
to the controversy - so far as I know - accept that 
objects moving fast with respect to an observer will , 
appear to that observer to be reduced in length 
along the direction of motion - the Fitzgerald
Lorentz contraction . The amount of this is : 
--yl(i-vl/c2) so-that the caseunder consid.era-tlon 

. where v=c(l-l/(12X365x2_1)) or £-V=.9,5x 
lOHc, the contraction is to y (l.9x w-') or 0.0044,, 
times the original length. Accordingly, while 
Traveller is in transit, the dimensions of the 
Universe along the earth-Sirius line is reduced by 
this amount and to him the earth-Sirius distance is 
only 0.0044 x 12 light years, or 38 light hours~ . 
.Accordingiy, Sirius which is approaching him at 
nearly the speed of light , will reach him in about 38 
hours and earth will require a similar period to 
return to him after his retardat ion arid · re
acceleration. 
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the universe does not give a symmetrical 
answer to the twin paradox whatever Ein~ 
stein or Essen may theoretically predict. Since 
I find no difficulty in calculating the in
creased half-life of the 'IT mesons by using 
exactly the same Einsteinian formula as I 
would have in finding the age difference of 
the twins, I am also convinced that Einstein's 
theory is correct and Essen's theory is wrong. 
J. H. Fremlin (Professor) · 
Department of Physics 
University of Birmingham 

MEDIU M WAVE SPURIAE 
After the medium-wave frequency changes 
on 23rd November 1978 I noticed an "extra" 
BBC Radio 1 signal on 729kHz; careful 
listening revealed that Radio 2 was in the 
background. obviously indicating an inter
modulation product of some sort. A further 
spurious signal was discovered on 963kHz 
consisting of Radio's 1 and 3. The prime 
suspect was of course the receiver, but after 
various checks with attenuators and 
retuning, trying another receiver and getting 
other people to try with their own receivers 
in different locations, it seemed likely they 
were transmitted spuriae. This impression is 
reinforced by the fact that the two frequen
cies can be explained by simple intermodula
tion of the Brookmans Park transmitters: · 

729kHz = 2 X 909kHz (R2)- 1089kHz (Rl) 
and 

963kHz= 2 X 1089kHz(Rl)-11215kHz(R3) 

A telephone call to the BBC Engineering 
Information Department on 28th November 
indicated that they wete well aware of these 
problems and that other people had reported 
them. I was told the problem stemmed from · 
the fact the transmitters and aerial arrays 
were all new and that these unwanted inter
actions would be resolved as soon as possible. 
While I appreciate there may be considerable 
practical difficulties in curing this effect the 
fact remains that over two months later the 
spuriae are still being radiated. A second 
telephone enquiry to the BBC (E.I .D.) in 
mid -January revealed a very different 
attitude. While they were aware of the situa
tion they had not been notified of it by any 
"official" body and until they were it was 
unlikely that anything would be dc:ine~ -This 
seems a somewhat regrettable attitude for 
two reasons. Firstly the signal on 729kHz 
especially is quite strong and the medium
wave band is sufficiently congested without 
spuriae of this magnitude. Secondly the BBC 
has always set extremely high engineering 
standards which are the envy of the world 
and it seems sad they should fail so notice
ably in their country's own capital. 
Roland C. Pearson 
Ben fleet 
Essex 

The BBC comments: 
The changes we made on November 23rd 
involved the commissioning of many new 
transmitters and aerial systems. At stations 
where several programmes are radiated at 
high power, it is not always easy to avoid 
combinations of this kind. We are now en
gaged in a tidying-up' and firie tuning-opera
tion at all of our transmitting stations, in the 
course of which these two spurious emissions 
will be eliminated - or at least reduced to an 
acceptable level. 
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AN OVERSIGHT 
:IN COSMOLOGY? 
I ask you to accept a priori two things: that 
the red shift can be explained in the system to 
be proposed and that the frequency spectrum 
of light is quantized; ther;e is some ex
perimental evidence as to the latter. If light is 
quantized in this way then. there is a limited 
number of frequencies in any electromag
netic spectrum. 

My question concerns Oblens's paradox 
which is said, by some, to mark the origin of 
modem cosmology. Oblens asked: Why is the 
sky dark at night? He had already shown by 
good reasoning that is should not be dark at 
all. Mathematically the sky could be 
represented as a continuous shell of incan
descent matter whose temperature, as near 
as makes no odds, was that of the sun. Ergo 
the Earth would soon be as hot as the sun. 
The obvious contradiction stood unanswered 
for about a century and a half. 

The astronomer Hubble observed the red 
shift, which cosmologists then combined 
. with the Doppler effect and drew the neat 
conclusion that the sky is dark at night 
.because the universe is expanding! 

I suggest that this particular piece of 
elegant simplicity was possible only because 
there had been an oversight which indeed 
persists to this day. The law of averages has 
been disregarded. It can be shown that the 
size of Oblens's sphere is at least 1020 light 
years in radius. On a sphere of such size there 
will be a near infinite number of point 
sources of radiation in any small solid angle 
ofthe sphere that is observed. Practically, the 
solid angle is determined by the limits of the 
observing instrument. 

It follows, dare I say, as night follows day· 
(?),that an observer will see none of the light. 

· Due to the Jaw of averages the radiation will 
arrive in balanced phase/antiphase relation
ship at the detector and, even though there is 
about 5 x 104kW /metre2 at the Earth's 
surface, it will be neither seen nor felt. 

My question is: Has there or has there not 
been an oversight in this problem? If there 
has then the universe is not expanding and 
certain readjustments to our concepts are · 
long overdue. 
Alex Jones 
Swanage 
Dorset 

COMPUTER BUSES 
Ian Witten's article on computer buses 
(February issue) is right to point out certain 
key factors when designing a bus system. For 
example, t.t.L totem pole gates cannot be 
connected together in a wired AND function 
for the precise reasons he states. 

Then he discusses two alternatives, tri
state and open collector. He dismisses the 
latter because of alleged slowness. This is not 
true. Any switching edge which appears slow 
is due to the quality of the interconnection, it 
is not an inherent property of the transistor 
circuit. I have achieved switching speeds of 
about 6-8ns, with the positive edge being 
·slightly fasier- ffi-anthe -negative. Addition
ally, crosstalk calculations need to take into 
account the transmitting element, the 
receiving element·and the interconnections. 
element, the receiving element and the in-
terconnections. . 
- · The p-ossil>Tifty- -of excessive cu-rrent as 
shown in the totem pole configuration also 

applies to tri-state if two enables happen to 
be true at the same time. 

'For a comprehensive explanation of open 
collector bus driving see the June 1978 issue 
of Wireless World, p. 61. 
M . F. Davidson 
CAM Consultants 
St Albans 
Herts 

The author replies: 
Malcolm Davidson raises the interesting 
question, to what extent should a bus be 
treated as a transmission line? If really high 
switching speeds are required, then of course 
the transmission line approach is mandatory, 
and if the line is properly terminated at both 
ends, open-collector gates can indeed be fast. 
However, one great attraction of a nus struc
ture for interconnection of computer sub
systems is the flexibility it offers for recon
figuration by inserting or removing modules, 
or extending the bus without adverse effect 
on the rest of the system - and this rules out 
the possibility of exactly matched termina
tion. Fortunately, most commercial micro
computers are slow enough to allow one to 
get away with this! Under conditions of 
incorrect line termination tri-state devices 
give more robust and reliable performance 
than open-colle:.:c:.:t=o.:.r:·~---------
~ is quite · right to point out that two 
tri-state gates driving the same bus line 
should not be enabled at the same time. This 
means that some lines cannot be tri-state 
driven. The "bus request" signal illustrate.s 
this - one cannot guarantee" that bus re
quests will not occur simultaneously.In prac
tice, computer buses usually have some 
tri-state and some open-collector lines, tri
state being used when the nrotocol guaran
tees that no two devices can :;;multaneously 
drive the line. This means, of course, that 
failure of a device to observe the protocol 
may result not only in logical breakdown of 
communication along the bus, but in physical 
breakdown as well - due to multiple gates 
dnvlng the line~As Mr Davidson notes in the 
article he cites, this is a considerable disad
vantage of tri-state driving. 
Ian H. Witten 

MILITARY ELECTRONICS 
Many readers of Wireless World will have 
paused to think about the issues raised in the 
January leader, "The death delivery busi
ness". Some may have wondered how they 
personally could become less involved in 
production for military use, or how to break 
the vicious circle of "organic intercourse" 
between electronics firms and the military. 
Obviously there are no easy answers, but 
there are sources of information and support 
for people who would like to consider these 
issues more deeply. 

The Campaign Against Arms Trade was 
set up by several peace and internationalist 
groups in 1974, to work for an end to British 
involvement in the arms trade and for the 
conversion of British military industry to 
peaceful, socially useful production. It dis
tributes a wide range of books and pam
phlets, and has produced a wide range of 
factsheets, leaflets, and campaigning 
materials. It is in close touch with shop 
stewards and others who are putting forward 
alternatives to military production in their 
companies, and. with individuals who have 
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chosen not to work on military products. We 
would be pleased to hear from Wireless 
World readers who would like more infor
mation. 
Sandy Merritt 
Campaign Against Arms Trade 
·5 Caledonian Road, Kings Cross 
London Nl9DX 

In your January editorial you quoted J. K. 
Galbraith as saying "no faith sustains this 
(military) competition". May I suggest that 
at least some of those whom you claim "are 
not really aware of what they are doing" are 
in fact sustained by the insight that however 
many things there are that we don't know 
there are some tl:lings we do know? They 
assume that some questions are closed and 
that our survival as a . nation depends on 
acting bravely c;m those assumptions, the 
most crucial of which is that our military 
capability keeps the Soviet Union from doing 
to us what it did and is doing to Poland, E. 
Germany, Latvia, Estonia, Hungary, 
Czechoslovakia and Cambodia. 
D. J. Richardson 
Stotfold 
Hitchin 
Herts 

STATUS OF ENGINEERS 
Mr Wilson's letter in the February issue 
contains, I believe, a clue to the lowly status 
of the British professional engineer. Our 
more affluent professional brothers- · 
accountants, doctors, solicitors et al. - have 
never tolerated the unqualified dabbler in 
their midst, and have often joined battle to 
rid themselves of these pests. 

While it might be argued that the use of 
technical jargon, euphemisms and "buzz" 

· words and the worship of complicated tech
niques serves no useful purpose, I would like . 
to suggest that such methods have served to 
"repel boarders" from the aforementioned 
professions since their inception. 

The logical, fair-minded engineer of today 
sits on the lower rung of the rewards ladder 
'clad in his dungarees, clutching_ his oily 
spanner - for such is the public image of him 
- peering myopically upward. The view at 
these higher altitudes is fine: a procession of 
"T" registration automobiles driven by doc
tors, . laWyers and accountants clad in Savile· 
Row suitings- a procession to which John 
·Public rushes to doff his hat and offer his 
open wallet. 

These opulent gentry have no need of a 
trade union; they have welded themselves 
into neat respectable units ideally suited to 
make money out of their skills. These pro
fessional gentlemen have secured the un
assailable right to "do their thing" to the 
exclusion of all other persons. Unqualified is1 
unclean! · 

Surely there's a lesson to be learnt here. 
Surely the engineering profession must ex
clude· the unqualified dabbler from its ranks. 
The C.Eng. label is a joke compared to the 
respected M.D., F.C.A., and F.R.C.S. 

This· rriay seem irresponsifiie, urifalr;-grasp--. 
ing, etc., etc., but ... who wants to drive a 
'74 hanger, dress at Oxfam, and pay their 
legal and medical fees on the old never
never? 
M. C. Heard 
Hullbridge 
Essex 
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OSCILLOSCOPE 
WAVEFORM STORE 
R. H. Fastner's excellent design for an "Add
on oscilloscope waveform store" (Nov., Dec. 
1978 issues) has an in-built handicap. The 
store uses 16 shift registers whose total cost,' 
if a supplier can be found, approaches £100. 
Contrary to the statements near the begin
ning of the article it is not difficult to replace 
these shift registers with r.a.ms and some 
extra chips at a total cost of less than £20. We 
have a p.c.b. design which uses readily avail
able 2102 static r.a.ms. The board is used in 
place of Mr Fastner's shift register board. The 
5V supply current is increased by about 
120mA and the -8V supply is no longer 
needed. No other changes are necessary. It 
may be possible to arrange for a supply of 
p.c.bs (and components) if interested parties 
write to me. 
J. Ward 
Department of Physics 
University of Oxford 
Clarendon Laboratory 
Parks Road 
Oxford 

FURTHER USE OF 
RADIONAVIGATION 
SYSTEMS 
THE modulating waveforms for the VOR 
(VHF OmniRange) and ILS (Instrument 
Landing System) signals can be generated 
digitally, using sources such as the Wavetek 
Model 175. The information from both 
waveforms can be recovered by means of the 
discrete Fourier transform. The quantization · 
error associated with these techniques has · 
been determined with simulations run on a 
Commodore 2001-8 computer. Mean and 
peak error and standard deviation of error 
were computed for more than 100 indepen
dent sample timing offsets. The results are 
summarized here. 

For 1024 samples with 256levels (8 bits) of 
resolution, the standard deviation of VOR 
error is 0.012 degrees (0.0024 dots, on many 
cockpit displays). Localizer error is 42 
millionths of a d.d.m. (difference in depth of 
modulation) (0.00054 dots), and glideslope 
error is 84 millionths of a d.d.m. (0.00096 
dots). The error in general is inversely pro
portional to R times the square root of S, 
where R is the number of levels of resolution 
and Sis the number of samples. Peak error is 
approximately three times the standard de
viation and mean error is less than the 
standard deviation, for both VOR and ILS 
signals. 

The Nyquist sampling theorem requires 11 
samples of the ILS modulation and about 700 
samples for VOR. However, both include 
voice and Morse identification in practice. A 
VOR/ILS demodulator that took 1024 
samples would reject these modulation 
frequencies. It appears possible to build an 
inexpensive 1024-sample 8-bit demodulator 
that would make nearly 30 readings per 
second with some new microprocessors. One 
could build a single receiver that would 
recover full ILS data up to 15 times per 
second, by storing and resetting a.g.c. vol
tage digitally. The same receiver could scan 
up to 30 VOR channels per second while 

indicating one or more bearings plus the 
number of usable signals available. 

These techniques are applicable to the 
monitoring of VOR and ILS transmitters. If 
Fourier demodulation were to be used in both 
monitors and receivers, the VOR and ILS 
systems could become cost-effective 
backups or alternatives to the Global 
Positioning System (GPS) and Microwave 
Landing System (MLS). 
·Robert G. Huenemann 
San Bruno 
California, USA 

SCIENCE AND THE 
ELECTRON 
Your editorial in the February issue on the 
nature of truth falls, in its last sentence, into 
an inexplicably common fallacy when it says, 
"We still don't know, for example, whether 
the electron is a particle or a packet of 
waves." (My emphasis.) That it is not the
duty of science to answer such questions is 
best illustrated by a simpler example: 

"Is it true that the planets revolve around 
the sun in ellipses?" Of course. 

"Is it therefore untrue that the sun and the 
other planets revolve around the earth in . 
complex paths which may be calculated to 
any required accuracy by considering wheels 
revolving within other wheels?" Of course 
not. 
· I can calculate the trai~ctor-Y of a rocket to' 
the moon no less accurately using the latter 
hypothesis, and someone looking at our solar 
system for the first time could equally well 
believe either hypothesis depending on 
whether their view feil firstly on the sun or on 
a planet. 

Similarly with particulate or wave elec
trons and with all other mathematical fic
tions. We may decide, at times, to obey 
Occam's Razor and accept the simplest 
hypothesis but we should not call this the 
"true" hypothesis. 
C. W. Hobbs 
Apeldoorn 
Netherlands 

The word "science" is derived froin the Latin 
scientia, meaning knowledge. - Ed._ 

BIRDS' GEOMAGNETIC 
SENSE 
I. A Seath's spinal cord model (December 
1978 letters) shares some objections to the 
flapping wing model, but suffers others 
alone. Taking first the latter: a magnetic 
sense of heading has been demonstrated by 
Wiltschko. Keaton. Walcott. Emlen, 
Fromme, Bookman, Southern and others in 
the robin, gull, swallow. pigeon and bunting. 

Bringing the spinal cord model into con
cordance with this fact seems to need: (1) A 
neural discrimination of I part in 10 7 (the 
change in induction due to the alteration in 
dip across a 1m cage) to provide a north
south orientation. (2) Some means of pro
viding east-west orientation. (3) A means to 
judge air-speed to at least the accuracy given 
in (1). (4) A means to judge wind speed to the 
same precision. The last two are requisite to 
direction-finding on the wing. 
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A. M. Roberts published a theoretical 
critique of this model 1 which attracted 
several responses 2· 

3
• To summarize, briefly, 

his view: an unchanging electric field due to 
electromagnetic induction is sensible only by 
reference to external factors in relative 
motion to the bird, e.g. leakage currents 
through the surrounding air. 

It is not obvious to me that the neural logic 
needed to decode, for example, a 10° ( elec
trical) signal change for a 20° (compass) 
bearing change is complex. · 

Turning to some shared objections, I note: 
(a) the noise due to muscular activity; (b) 
thermal noise; (c) electrostatic induction 
arising from rolling motion in the 
atmospheric electric field; (d) piezo-electric 
voltage from feather quill strain; and (e) 
tribo-electric voltage on feathers. 

It transpires, however, that Ad. J. Kalmijn 4 

.(Woods Hole) working with sharks, skates 
and rays, which in a sense are ideal animals 
for geomagnetic sense experiments, has 
given unequivocal demonstrations of their 
sensitivity to fields, induced magnetically, of 

,, values down to 1 fl. V. m -' . 
Although it is true that they exhibit dedi

cated receptors, the Lorenzinian ampullae 
they too suffer from two important factors 
cited as shared objections above, viz. (a) and 
(b). The remaining factors are believed to be 
confined to the surface of birds. 

I come to the same view as Kalmijn: sen
sory perception of the electric field depends 
upon the imbalance between the induced 
electric field and the charge movement. 
which tends to neutralize it but which de
pends upon tissue conductivity for its 
occurence. \Vhere an insulated conductor 
exists witl).in the animal, a p.d. as high as the 
modulus of the electric field strength is 
available across this insulation barrier for 
some time constant. 
B. Whatcott 
Addlestone 
Surrey 
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3. B. Whatcott, ibid, 1978, 13, pp. 397-8. 
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VIDEO RECORDERS FOR 
MICROCOMPUTERS 
I have been very much aware of the explosive 
evolution of microcomputers and their 
accompanying peripherals. One of the avail
able devices, the video recorder, I think has 
been left out, in spite of its great capabilities 
in access time and bulk storage. 

In addition the technique of video recor
ding (with the use of a closed loop cartridge 
and helical scan) could give rise to the 
evolution of a new generation of peripherals. 

Has anyone given any thought to this 
interface? 
.Lazazos Labzianidis 
Athens 
Greece 
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HIGH FREQUENCY 
DIFFERENTIA TOR . 
With reference to Mr Andrew E. Romer's 
comments (Letters, December 1978) concer
ning the "High frequency differentiation" 
described by S. Cussons (Circuit Ideas, 
August 1978), I should like to point out that 
the operation of Mr Cussons's circuit does 
not merely depend on the direct mathematics 
of the circuit elements. 

In practice all operational amplifiers intro
duce some delay between a change in the 
input and a corresponding change in the 
output. In the example of Mr Cussons's 
circuit, the output of the "low pass filter", V 2, 

will be also a delayed as well as filtered 
version of V 1" . Mr Romer does correctly point 
out that his own circuit is mathematically 
·equivalent to that of Mr Cussons, assuming 
perfect operational amplifiers in each case. 

Jpe~,! 
ILJ/ 
4 

Broad pulse 

The inherent finite delay would allow the 
value of C, the feedback capacitance, to be 
reduced, giving better high frequency per
formance. At high frequencies the circuit 
generates pulses at the leading and trailing 
edges of the given narrow input pulse. 

Lastly, the circuit can perform up to 5MHz 
(as long as the input signal is not too great) 
because the LM381 amplifiers are only slew
rate limited, a gain-bandwidth product of 
15MHz being possible for small signals. 

The waveforms which should relate to Mr 
Cussons circuit are shown here. 
Roger Green 
Postgraduate School of Electrical Eng. 
University of Bradford. 

WW TELETEXT DECODER 
-MODIFICATIONS 
As will have been appreciated, the present .. 
"roll-mode" facility possessed by the Wire
less World teletext decoder is of little use, due 
to the rapid scan rate. In fact, the later 
teletext kits have omitted the "roll-mode" for 
this reason. However, the teletext pages have 
been arranged in the form of a book and the 
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ability to "browse" through the pages is a 
desirable feature. 

The accompanying simple modification 
(see circuit) enables the user to display every 
page whose units number agrees with that of 
the "page-units" selector. This provision 
allows the user to sequence through the 
entire magazine whilst giving, in most cases, 
adequate time to obtain the page number and 
an idea of the contents. · 

It is suggested that the present "roll-mode" 
switch be replaced with the double switch 
(S 1) and the diodes may be mounted on the 
terminals of this switch. 
A. J. Jameson 
IBA Mounteagle Transmitting Station 
Conon-Bridge 
Ross & Cr:omarty 

ENGINEERS, PUT ON. 
NEW HATS 
With regard to recent correspondence about 
the standing of engineers, might I make the 
following points? Engineers' salaries have 
now fallen so far behind that they are un
likely to ever catch up again, rate of growth 
being limited by the constraints imposed by 
pay policies designed for the good of society 
as a whole. Lack of growth in British industry 
(and one should not confuse growth with 
conglomeration - the former is a creative 
process, the latter merely acquisitive), lack of 
growth will necessarily limit the rate of 
occurrence of promotional opportunities. 

Possible solutions are: (a) Becoming a 
contract engineer or technician. This has 
been common practice for technical writers 
and draughtsmen for some time. (b) Becom
ing a consultant. This is the common mode of 
operation for many doctors, accountants, 
architects, etc. Why not engineers? (c) Be
coming an entrepreneur. Having worked in 
both the UK and US I know how much the 
entrepreneurial spirit has helped to create 
not just new facets of technology, but even 
complete "micro-cultures", such as Silicon 
Valley. And the interesting point is that those 
entrepreneurs were engineers - perhaps not 
so different from the reader. 

Indeed, as a significant proportion of them 
are British, it is likely that they too were 
read·ers of that renowned institution, Wire
less World! 
A. Macrae 
Socionics 
Aberdeen 

REVISE PREFERRED ' 
VALUES? 
We've inherited a legacy of awkward com
ponent values from the days when accuracy 
was rare and expensive, but now that 
tolerances of 5% and even 1% are becoming 
inexpensive and common so that it becomes 
meaningful to combine values for inter
mediates, I would urge a revision of the 
scales of preferred values. I would suggest 
the scales below, displayed to the right of the 
present scales, as the best compromise. 

The great advantage of such a revised 
system is that , in the E24 series. all the 

. integers, 1, 2, 3, 4, 5, 6, 7, 8, 9 (and their 
decades) are present, which simplifies arith
metic and also allows easy switching. The 
second advantage is that even down to the E6 
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Present values Suggested values 
10 10 10 10 10 10 
11 11 
12 12 12 12 
13 · 13 

~f: d 
15 15 15 14 ;14 14 : ~tJ\ . ~; 
16 16 16 , '· 

18 18 18 
20 20.; 20 20· . "•-: 
22 22 22 22 
24 24 24 
27 27 27 
30 30 30. 30 
33 33 33 33 

·~ ~~ .. 

36 36 
39 39 40 40 
43 45 
47 47 47 50 . 50 50 
51 55 
56 56 60 60 
62 65 

, , 

68 68 68 70 70 70 
75 75 
82 82 80 80 
91 90 

100 100 100 100 100 100 

series, the key values of 1, 2, 5 appe~r which,: 
like weights in a box for a balance, can be 
added to form any value from 1 to 9. 

There are demerits of course. In the EG 
series, the greatest ratio is 1.67 instead of the 
present 1.50 (optimum 1.47); in the El2 series, 
the greatest ratio is 1.33 instead of the pre-: 
sent 1.25 (optimum 1.21); the . E24 series,· 
however, is little affected, the greatest ratio 
being 1.14 which is slightly better than the 
present 1.15 (optimum 1.10). 

. The scales suggested also preserve the 
many-factored numbers 6, 12, 24. 

Tony Kelly 
Llanwrda 
Dyfed 

CITIZENS' BAND IN 
THE USA 
The citizens' band situation here in the USA, 
particularly in the vicinities of large cities, is 
nothing short of disastrous. Naturally, with 
only 5 watts and no facilities for adequate 
tuning of sets or installation of good aerials, 
it is dift'icult to transmit much farther than 
10 miles at most, which is what it was in• 
tended for. Naturally the Yanks with an 
almost unlimited amount of dollars at their 
disposal - even the lowest of the low (in
come wise) - can afford to finagle their 
power up above the legal. · 

Naturally the FCC has countered the linear 
amplifier problem by making them illegal to 

· purchase but not before millions of factory 
wired pre-amps have got onto the market. It 
is the same with marijuana exactly. It is now 
legal to possess x number of ounces but 
illegal to sell it, yet 'everyone' seems to 
possess it (marijuana) except for those who 
are still considered God fearing, and we seerri 
to be in the dejected minority. 

The population explosion takes its toll in 
more ways than protein scarcity - example; 
the crowded radio spectrum. · · · - ' · 

I am certain I can command 'quite a fol ~ 
lowing of so called 'old-timers' who came by 
their licences the hard way and by no means 
want what they toiled perilously ·hard for 
'given away to the undeserving. : . 
John Teale KA6CRB . 
La fayette 
California, USA 
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SK ON BOARD MEMORY! 
5K RAM, 3K ROM or 4K RAM, 4K ROM 
(link selectable). Kit supplied with 3 K 
RAM, 3K ROM. System expandable for 
up to 32K memory. 

2 KEYBOARDS! 
56 Key alphanumeric keyboard PLUS 1 6 
Key HEX PAD. 

GRAPHICS! 
64 character graphics option . 

MEMORY MAPPED high 
resolution Visual Display 
Circuitry with its own 2 K 
memory to give 32 lines of 64 
characters. 

Cabinet Size 19 .0" X 15 .7" X 3 .3" . 

75 

2 MICROPROCESSORS.! 
ZSO the powerful CPU with 1 58 instruc
tions including all 78 oJ the 8080. 

MM57109 Number cruncher. Functions ' 
include +, -, *, I, squares, roots, logs, 
exponentials, trig functions, inverse, etc . 
Range 1 0 99 - 9 X 1 0 99 . ·. 

(reverse Polish notation) 
resident in EPROM. 

·' 1 K MONITOR resident in EPROM. 

Television by courtesy of Rumbelows Ltd ., price £58 .62 

KANSAS CITY tape interface . . 

SINGLE BOARD 
DESIGN! 
Even keyboards and power 
supply circuitry on board! 

PBWERTRAN . fJ COMP so 
COMPLETE KIT only £275 +VAT_ 

The kit for this outstandingly practical design by John Adams being p·ublished in a series.of articies in Wireless World really is complete! 
Included in the PSI COMP 80 scientific computer kit is a professionally finished cabinet fibre-glass double sided, plated-through-hole printed circuit board, 2 
keyboards PCB mounted for ease of construction, IC sockets, high reliability metal oxide resistors, power supply using custom designed toroidal transformer, .2K 
Basic and 1 K l"(lonitor in EPROMS and .. of .cowrse, wire. nuts, bolts, etc. 

: ..:.)! 

PCB size 16.0" X 12.5" 

Value Added Tax not included in. prices 
PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices in this advertisement until May 31. 1979, 
if this month's advertisement is mentioned with your order. Errors and VAT 
rate chan~;~es excluded. 

EXPORT ORDERS: .No VAT. Postage charged at actual cost plus 50p · 
handling an.d documentation . · . . 

U.K. ORDERS: Subject to 8% surcharge tor VAT'~ NO charge is made for 
carriage·. Or current rate if charged . · 

SECURICOR DELIVERY: For this optional service (U .K. mainland only) · 
add £2 .50 (VAT inclusive) per kit . 

UK Carriage FREE 

Kit also available as 
separate packs; e.g . 
PCB, Keyboards, 
Cabinet, etc. 

·· POWERTRAN COMPUTERS 
(a division of POWERTRAN ELECTRONICS) 
PORTWAY INDUSTRIAL ESTATE ANDOVER 
ANDOVER HANTS SP1 0 3NN (0264) 64455 
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To get Tokyo, dial this number. 
Knowing the frequency of a particular 

station is one thing. But finding it with the 
aid of a mechanical pointer can be a bit of an 
electronic lucky dip. 

Panasonic, however, have just made 
success a certainty. We've incorporated a 
direct frequency readout facili
ty on our range of portable 
shortwave radios. 

It gives you an exact visual 
indication of the frequency 
you've tuned to, right down to 
the last kl-lz. 

So whether you're going 
for Tokyo or Turkey, with 
Panasonic you'll certainly 
know when you're there. 

Andwhenyouare,wehave 

circuitry specifically designed to improve 
sensitivity, stability and selectivity. 

For more details and specifications on 
all of these radios, just complete the coupon 
below. Or better stilL dial our number- it's 
Slough 275J 6. 

even more features designed I 
to improve your reception. 1 I 

Our super-portable DR26 model, for I For free colour brochures, send this coupon I 
example, gives you a pre-selector tuning I to : National Panasonic Sales Promotion Dept ., I 
control. and all three models feature infi- I 107-109\VhitbyRoad,Slough,BerkshireSL13DR. I 

Telephone : Slough 27 516 
nitely variable BFO pitch control for SSB 1 Name I 
and a switch to narrow the band width 1 Address I 
when powerful local stations intrude. 1 ·------- ··-·-- I 

The DR49 you see above, gives you 1 -- ---- -- --- -- 1 
still more: 8 short-wave bands in addition I II PanasOnic I 
to the FM, MW and L W bands, RF gain I Just slightly ahead of our time. I 
control, aerial trimmer and sophisticated L---------- ---- - =i-1 

THEPANASONICDRSERIES : DR 26£189.95, DR28 £219.95, DR49 £388.95. RECO!vfMENDEDRETAILPRICESCORRECT ATTIMEOFGOINGTOPRESS, INC. VAT. 

WW- 068 FOR FU RTHER DETAILS 
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H. f. amateur band frequency 
synthesizer - 2 

Circu it descript ion, construction and commissioning 

THE SYNTHESISER. shown in block 
form in Fig. 7. consists of two major 
parts: a phase-locked loop and an inter
polation oscillator and mixer. The 
phase-locked loop is capable of pro
ducing frequencies at 500 kHz intervals 
over a frequency range which is greater 
than 3 to 1. the actual range used being 
from 7.0 MHz to 23 .0 MHz. The output 
of the phase-locked loop is fed into a 
mixer. where it is combined with a 
signal from the interpolation oscillator 
to provide continuous coverage from 
1.5 MHz to 28.5 MHz in selectable 500 
kHz bands. For amateur use only six of 
these bands are needed. 

Reference oscillator 
The reference-frequency oscillator in 
Fig. 8 is the key component which de
termines the frequency stability of the 
·phase-locked loop. The oscillator circuit 
is taken from a design by L. Nelson
Jones in reference 3, although the oven. 
also described in this article. was not 
used. The use of such an oven would 
give rise to an order of magnitude 
improvement in the stability obtainable. 
The oscillator uses a quartz crystal to 
produce a 1 MHz. t. t.l.-compatible. 
square-wave output. This is divided by 
20 by one half of a 7474 and a 7490 to 
produce the 50kHz reference frequency. 
It would be theoretically possible to use 

Reference 
50kHz 

Phose 
frequency 
detector 

Divide 
by 20 

Divide by N 
(200 to 790) 
in steps of 10 

Diode matrix 

Loop filter 

By M . Small, B.Tech (G4DVI) 

a 500kHz reference frequency to obtain 
500kHz frequency steps, but then the 
programmable frequency divider would 
have to operate at the full v.c.o. 
frequency - difficult without using 
schottky t .t.l. It would limit the maxi
mum usable frequency to less than % of 
that obtained by the current design. 
which is 50 MHz. 

Voltage-controlled oscillator 
The voltage-controlled oscillator, 
shown in Fig. 9, uses a Motorola MC 
1648 i.e. and an MV 1401 hyper-abrupt 
junction tuning diode. This combina
tion gives a tuning range which 
approaches 4 to 1 and is usable to a 
frequency of well over 50 MHz. In fact. 
the oscillator MC 1648 can operate up to 
200 MHz. It provides four key 
attributes: 
-low peak-to-peak a.c. on the tuning 

diode (500 mV), 
-automatic gain control of oscillations 

and output essential for such a wide 
tuning swing. 

-availability of both sinusoidal and 
logic-compatible outputs, 

-high spectral purity close to the car
rier by the use of a LC tank circuit. 
This is not usually the case with RC 
oscillators. 
The i.e. is from the e.c.l. family and 

produc es e .c .l.-compatible output 

Reference 
oscillator 

1MHz 

Voltage 
controlled 
oscillator 

7 - 23MHz 
inQ . 5MHz 

Bond steps 

Variable 
frequency 
oscillator 

5-5 .5MHz 

levels. However, it is quite acceptable to 
operate it on a 5V rather than -5.2 V 
power rail with no degradation of per
formances. The output is translated to 
t.t.l. levels by single-transistor stage and 
the 74SOO gate acts as a buffer. A sinu
soidal signal is taken from the tank 

. circuit, which is buffered and used as 
the output. 

The MV 1401 hyper-abrupt junction 
tuning diode provides a guaranteed 
capacitance ratio of 15 to 1 for a 10 volt 
reverse-bias voltage swing. The typical 
swing is said to begreater than 25 to 1. 
\Vhilst this component is fairly expen
sive. reasonably cheap diode pairs in
tended for a.m. radio tuning are becom
ing available (MVAM2). and these 
would serve equally well with appro
priate minor circuit modifications. 

The output from the v.c.o. is pre
scaled by the 74196 high-speed divide
by-10 circuit in Fig. 8 before input to the 
programmable divider. This extends the 

.frequency range of the system upwards 
to 50 MHz, or beyond 100 MHz if an e.c.l. 
device were to be used. 

Programmable divider 
The programmable divider of Fig. 8 is 
·fairly conventional. consisting of two 
stages using 74192 synchronous up/ 
down counters in the count-down 
mode. It is_ unfortunate that. with these 

filters 

Output 
'----~~--1·5 - 28 -5MHz 

bonds 
in0·5MHz 
bonds 

Fig. 7. Complete block diagram ofsynthesizer. 
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To allow the selection to be by a remote 
connection to earth, the output from 
the diode matrix is inverted by a set of 
SN 7404 gates before being connected to 
the programmable dividers. 

Phase detector 

devices, the carry /borrow pulse is 
formed directly from the state of the 
counter and the incoming clocks. This 
makes these signals unsuitable for use 
directly as a . "load preset data" signal. 
The circuit operates as follows, 
assuming that preset data has just been 
loaded. Each input pulse causes the 
counters to decrement until the logic of 
the 7405s connected to the outputs de
tects that a count of 2 has been reached. 
This causes the D input of the 7474 to be 
set high so that the next input pulse sets 
this state (count now -1). The inverse 
output from this state going low causes 
the preset data to be loaded into the 
74192s and disables their clock. Since 
the 74192 outputs are no longer set to 2, 
the D input to the 7474 is again low. 
Hence the next input pulse unsets this 
state (count now equal 0) and releases 
the counters, which commence de
crementing on the subsequent clock. 
The Q output from the 7474 is taken as 
the output of the programmable divider 
and fed to the phase detector. 

The phase detector in Fig. 9 is the 
Motorola MC 4044, which has the ad
vantages that it is both a phase and .· · 
frequency detector. and that a completei · 

-system including filter amplifier is 
available in the one package. It is es
sential that a >phase frequency detector · 

A diode · matrix is used to select the 
division ratio of the programmable 
divider with a single-pole, 6-way switch. 

-is used in this application. since the 
frequency range covered exceeds 2 to 1 
and straightforward phase detectors 
can register zero phase error on har
monics. The MC 4044 -also gives an 
output which is independent of the duty 
cycle of the two input wave forms. The 
phase detector consists of two parts, . a 
·phase frequency detector and a diode
pump arrangement. The former pro
duces two logic outputs indicating 'go 
up' and 'go down' and the latter serves 
to invert one of these and combine the 
two in analogue form. The operation of 
the phase detector can be seen from the 

R 

_...,. ..... ________ ...,_ "cc1 

~~~0 I I 
S ~-----..,_,..;8~·1 ICe ~1;:.,2 --""\ I 74196 I 

V To phase detector 

11 

7 

IC7a 

r------2~~05~,-~------3~ 

~~3;..._ __ ~12<::~ 
r!£-~ ~ IC7c ~ 

.------6< 5 6 

~ 7474 ,..11 

4 

IC5 
74192 

15 

10 

9 

~ 
14 

.... ~,..,3_ .. 

Programmable 
counter 

IC3a 

2 
7404 

1 

. IC3b 

4 

1Sc 
6 5 

IC3d 

8 

"cc1 
IC4a 

3 

9 

"cc1 Cgt: 10;-n- --< 2 
7404 

1 

c10.1"'10n 

c 
6 

1 14 11 

IC2 
7490 

4 
15 --

11 2 IC6 10 

IC 

9 

74192 .2..-

~----~~----~6~ ~ 
,...!! 24 ._ __ .... 

6 

Reference oscillator 

IC4b 

4 3 

IC4c 
6 4 

WIRELESS WORLD, APR1l1.979 

following state-transition table. 

Current Next state after transition Output 
state- R v R V R V R V 

0 0 0 1 1 1 1 0 

A A a. 
8 c B 
C (start) c D 
D G D 
E c 8 
F A 8 
G G G 
H c D 

B 
8 
E 
E 
E 
E 
H 
H 

A 
F 
F 
H 
H 
F 
H 
H 

Up 
Up 

Down 
Down 

This ~hows that the MC 4044 has the 
eight inten;tal stat~s A to H. States A• 
and B are entered when the variable 
frequency is detected to be less than the 
reference frequency, states C to ~ 
accommodate differing duty cycles be
tween otherwise synchronized variable. 
and reference frequencies and finally, 
states G and H are entered when the 

· variable · frequency exceeds the 
reference. 

The table sh.ows what subsequent 
state the -MC 4044 will adopt after a 
transition on its inputs of the reference 
signal Rand the variable signal V, given 
that its current state is known. An 
example of its use is shown in Fig.·lO . . 

Band PLL frequency N 

3·5MHz 7 -5MHz 15 
7·0 .. 11·0 .. 22 

14 . 0 .. 18·0 .. 36 
21 ·0 .. 7-0 .. 14 . -
28 -0 .. 14-0 .. 28 
28· 5 .. 14 - 5 .. 29 

"cc 
~ 

( ~ ,.JAil diodes 
R 
~A 

. v 

~1N4148 

R 
1~ 

' y y .. 

-, R11 
AA 

y 

'' 
· R).~ ...,. 

~ ~ 

. R13 
.Ajy 

R14 
'"\ '\ '"\ 

/\1\r. 

R15 " " "'\ ~ 
A 
vv 

All resistors 
8k2 

I 
Diode matrix 

7-65p 

'Fig. 8. Reference 
oscillator. diode matrix 
and programmable 
counter on one board: 

!'• 

WIRELESS WORLD. APRIL 1979 79 

~.-----.------------------------------------1~-.---.--~----~-~c4 

R31 18k 

c32 10n 

all wound 

c34;;10n 

1,14 

12 

"cc2 

To prescaler . 
on counter board 

Band 
Mixer output Coil on 6mm former 

frequency details with core 

3•-ffiMHz 12-5M Hz 20 turns CT 34 swg 

-/~ ;q 
.. 16-0 .. 1.6 turns CT 28 swg 

1.4 : 0 . ·: . 23·0 .. 8 tums CT 26 swg 

;11 ·9 ... 12·0 ," 20 turns CT 34 swg 
. 2~3'·0 ,. ' 19·0 .. 12 turns CT 28 swg 

29:5 , •... 19-5 ' .. 12 turns CT 28 swg 

VCO 11 turns 26swg 

Coil data 

Fig. 9. Mixer, voltage-controlled oscillator 
and phase detector. aU on second board . 

In this example the phase detector is 
assumed to start in state C. The first 
transitions oCR and V going to one are 
simultaneous and the device adopts 
state. E. Since the device attempts to 

,synch,ronize negative-going transitions 
of Rand V, when R goes to zero and V 
r~mai'ns high. the device adopts state B 
"go up". indicating that it has detected 
that V is lagging K It remains in this 
s.tate until V ·also goes low. when it 
again takes up state C. giving no output. 
'Fhus .the "go up" signal lasts for a 
period equal to the difference between 

· ttte :oegative going edges of R and V. 
This process is repeated on subsequent 
cyde::; but the ''go up" signal las~s for 
longer ·each time-as the frequencies V 
and . R are different and so the phase 
difference is increasing. 

Loop filter · 
The loop filter uses a CA 3130 f.e.L op. 
amp. This has the advantage that both 
the inputs and outputs can operate very 
close to the power rails and a balanced 
supply is not required. The built-in filter 
amplifier· on the MC 4044 is not used 
because the voltag·e ·swing required for 
the varicap (lO volts) would cause the 
maximum Vee rating of this component 
to be exceeded. The filter comprises two 
parts. a low pass filter and the loop 
integrator. 

As has been discussed previously, the 
characteristics of the loop filter largely 
determine the performance. In this ca~e. 

Vcc2 

~0 3k9 

~1 
c15 100n 

~2 
1N4148 

Phose detector and loop filter 

two performance criteria were to · be 
met: first. that in-band spurious outputs 
(reference feedthrough) should be sup
pressed by at least 60 dB and second. 
that the transient response time should 
be uimoticeable by the operator. This 
latter aim can be met providing the time 
is less than about 0.1 s. 

The design of a filter to meet these 
requirements is an iterative process. 
The lock-up time requirement is usually 
in conflict with that for reference
frequency feedthrough suppression. In 
this case it is also clear that the 
frequency range is so great. that most 
steps will exceed the maximum phase 
error limit of the MC 4044. Thus the 
Laplace analysis will not usually define 
the transient response characteristics. 

So, for a starting point. let us take the 
reference feedthrough suppression. If it 

Reference R 
0 

Variable V 
0 

is necessary to have an additional low
pass section to obtain the desired sup
pression. this section should have a 
turnover frequency of at least one tenth 
of the reference frequency. to obtain 
reasonable benefit, and should also be 
10 times the natural frequency of the 
loop. so as to have minimal unwanted 
effect on the loop phase margin. 

Let us say that if fret= 50 kHz, a loop 
natural frequency of 150Hz would well 
satisfy the above conditions. This would 
give us wn ...._, 103 rads/sec. and since the · 
transient response for reasonable damp- . . 
ing factors is 5/ w n' t, ~ 5/10~----5 ms. 
Hence, the time constant T1 can be 

Fig. 10. Example of use of state-transition 
table. 

State CCEEEBCCFFEBBBFFFABBBBFAAA 

'Go up' 
0 

'Go down' 
0 

TIME----
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'calculated: T1 = KpKv/ Nwn 2 . For this we 
require Kv and KP. The quantity Kv was 
determined from experiments which 
gave: 
fvco=23 MHzfor yc.....,10V. 
fvco = 7MHz for Vc.._, 1 V 

. 23-7 
so Kv = 2'TT X ( 1 0_ 1 )X 106 

= 11.2 x 106 rads/ sec/volt. 
Motorola specify KP for the MC 4044 at 
0.111 V /rad. 

The divider ratioN= wl wret· 

T 7X 106 

'Nmin at 7 MHz=5 X 104= 140. 

T 23 X 106 

Nmax at 23 MHz 5 X 104 460. 

So Nav= yNmin· Nmax=250. 
Therefore 

11.2 X 106 X 0.111 
T1 5 X 10-3s. 

(1Q3)2 X 250 

Now a reasonable value for C= 25 f.lf, so 
· 5x1~ -
R1 25 X 1oJ - 200Q. 

The next stage is to calculate T2 and 
for this we require to propose a damping 
factor. Let us define ~ = 1.0. Then 

2 
R2=-

wnC 

2X 106 

103 X 25 

=82Q 

Now the typical reference frequency 
suppression can be determined. · 

Sidebands= 20 log10 

. ( Y2 X 82 X 0.1 X 1 i .2 X 106) 
106 X2X'TTX5X 104 dB 

=70 dB. 

To ensure that this is bettered, an 
·additional low-pass filter may be added 
by dividing R1 into two sections and 
connecting a capacitor from this point 
to earth. If the filter so formed has a 

Fig. 11. Variable frequency interpolation 
oscillator. 

0
1s 5V2 

c45 100n 

47p 

R41 47k 

turno~er frequency of about 5kHz this 
should add about 20 dB to this suppres
sion figure. 

c . 4 
1 

' 2 X 'TT X 5 X 1 oJ X 200 

--.:o.68fLF. 
The totiil suppression of the reference
frequency feedthrough will now 
typically be 90 dB below the level of the 
carrier. 

The variation of the loop characteris
tics at maximum and minimum division 
ratios can now be checked. The loop 
natural frequency is a function of the 

. inverse of the square foot of Nand the 
damping factor is proportional to the 
natural frequency. 

(NT ) 1 Nav 3 1250 
Wn mm. =wnv--=10 y-

Nmm 140 

= 1350 rad/s. 

= 750rad/s. 

1 X 1350 
1000 1.35· 

1 X750 
1000 =0.75. 

This illustrates how the settling time 
will increase as the division ratio gets 
larger. As N increases, the loop natural 
frequency and the damping factor 
reduce. This causes the loop to settle. 
more slowly and in a more oscillatory 
manner. 

The maximum frequency step which 
can be made within the ± 2'TT radians 
limit of the MC 4044 can now be 
checked. The time T can be determined 
with reference to the normalized time 
domain response plots. This can be 
taken to be T = tLf5 ~ 1 ms. so fret· T = 
5 X 104 X l/1oJ = 50. -· 

So the maximum stepis about ±4·%. 
This corresp_onds to 280kHz at 7 Mi-Iz 

c To mixer 
46 output 

..... --+--1~ 5-5-5MHz 
10n ..--v100mV 

RMS 

WIRELESS WORLD . APRIL 1979 

and 920 kHz at 23 MHz. The time for the 
maximum step from 7 MHz to 23 MHz 
can thus be calculated, assuming that 
this ± 2'TT radians limit will be exceeded. 

tc 2X'TTX200x25X16x106 / 

(0.35 X 106 X 11.2 X 106) = 130 ms. 
----;fhis - is reasoriibiy close to the 
original target of 1110 s, and has been 
confirmed by computer simulation. 

Variable-frequency oscillator 
This -covers5 -1:6-5KMHzan.-cfprovides 
an output of about 100 mV rms.1t uses a 
Vackar circuit incorporating a junction 
f.e.t. as in Fig. 11. It is adequately stable 
for reception of s.s.b. signals and the 
short term stability is better than 50Hz 
over 15 minutes. The coil used was by 
Cambion (type number 2419-3) and is 
made of silver-plated wire, tension 
wound on a ceramic former. A more 
modest coil could be constructed but 
would sacrifice frequency stability. The 
variable capacitor is the Jackson Type 
Ul01 6-75 pF s.l.c. law, which gives a 
substantially linear calibration over 500 
kHz. A small amount of temperature 
compensation is included in the form of 
a 22 pF N750 capacitor across the tuning 
capacitor. The oscillator is buffered by a 
single transistor emitte1 follower, which 
takes its output from a capacitive tap 
,across the tuned circuit, thus reducing 
the loading and defining the output 
amplitude. 

Heterodyne mixer 
The mixer, shown in Fig. 8;-combines 
the output from the phase-locked loop 
with the signal from the v.f.o. By this 
means, continuous coverage is obtained 
from 1.5 to 28.5 MHz in 500 kHz bands. 
The only disadvantage with this 
arrangement is that the tuning of the 
bands from 1.5 to 12 MHz is reversed 
from that for those from 12 to 28.5 MHz. 

The circuit uses a Plessey SL 641 
double-balanced mixer, which provides 
adequate suppression of both v.f.o. and 
phase-lock loop feed through. The re
quired sideband is selected by means of 
a tuned circuit. The Q of this is defined. 
by the 820-ohm resistor across it, to' 
ensure at least 500 kHz bandwidth for · 
each band. The calculated suppression 
of all unwanted mixer components ex
ceeds 30 dB, the best obtainable from a 
single tuned circuit. This is quite 
adequate for out-of-band components 
when used as the local oscillator in a 
superhet since there is effectively extra 
suppression provided by the r.f. tuned 
circuits. In addition, theconversion· 
efficiency of the receiver mixer drops 
off rapidly for small oscillator levels. A 
more general method of achieving this 
selection would be to use a series of 
bandpass filters with their pass bands 
carefully chosen to exclude major un
wanted products. It is possible that a · 
greater degree of suppression could be . 
achieved if these filters were more 
complex. The output from the mixer is 
buffered by a single-transistor emitter 
follower. 
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Fig. 12. Power supply. 

4x 1N4001 

~6- D20 

1600,u 
25Vw 

R60 

r-----~~r-----------.-------------~C4 6V 220 

81 

6V2 20mA 

r---~--------------~------------~----•\c3 
.11V 

c54 47)J 

R 
56 

220JJ 

40mA . 

r---~~.Q_--.... ~~ ..... ---- vcc2 

220).1 

5V 
120mA 

Phase 
_ ....... _.,detector 
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·All connections to this line are 
taken to a, common chassis point 

·Power supply 
-The- power suppiy-Tn-- F'ig. 12 provides 
four voltage rails, two at 5 volts, one at 6 
volts and one at 11 volts. The unit uses a 
standard charger transformer giving 0, 
9 and 17 volts a.c. Stabilizatio·n is by i.e. 
and discrete · component regulators. 
This reflects component availability at 
the time of construction, but there is no 
reason why standard three-terminal 
regulators could not be used. The most 
significant detail of its construction 
concerns the earthing arrangements, 
which are essential to ensure isolation 
between the rails. Each regulator has a 
single earth point and these in turn are 
all connected to a common earth point, 
the earth-return rail for each supply 
from the logic also being returned to 
this common point. In this way, the 
earth return currents of each supply are 
isolated from those of all others. 

Two individually stabilized power 
rails are provided, one to supply the 
phase detector and v.c.o., and the other 
the rest of the logic. These separate 
supplies, together with the earthing 
arrangements mentioned above, are 
essential to prevent power supply noise 
generated by the counters from 
modulating the output signal. 

Construction 
The unit was constructed on three. 
pieces of O.lin Veroboard and was in
corporated into the author's amateur 
band transceiver. One board of 2Ylin X 

5in contained the power supply com..' 
ponents except for the transformer, 
another of the same size containing the 
phase detector, loop filter, v.c.o. buffer 
and heterodyne mixer. The final board 
of 3'12in x 5in contained the reference 
oscillator and dividers, together with 
the prescaler programmable divider and 
diode matrix. The coils and trans
former were mounted on a chassis 
which also formed an enclosing screen. 
These parts occupied a space 7in x 4'12in 
X 4'12in. The v.f.o. had previously been 
built in a diecast box which was located 
outside this volume. 

i The order of construction that the 
author would recommend is as follows. 
First-build -up the power supply to give 
.at ,least 5 volts at 500 rnA. Then con~ 
·struct the reference oscillator to provide 
a convenient source of pulses with 
which to check subsequent circuit · 
groups. The reference oscillator divider 
comes next and can be tested using an 
oscilloscope to monitor the output or 
alternatively, if one is not available, a 
frequency counter or general coverage 
receiver with the latter receiving a suit
ably attenuated version of the 50 kHz 
reference frequency, harmonics shoulq 
~e r:_eceived thro~ghout the h.f. spec- . 
trum. Now assemble the prescaler and 
the -programmable divider, which is 
most conveniently tested using a 
frequency meter, taking the reference' 
!oscillator as input and confirming that 
1the correct output frequency is 

) . . -

obtained for various division ratios. It is 
now necessary, if this has not already 
1been done, to commission the 11 volt 
,and second 5 volt supplies. The v.c.o. 
-level charger and output buffer should · 
next be constructed, again being com
missioned in conjunction with the pro
grammable divider and a frequency 
meter. It is useful at this stage to con
firm the range of the oscillator by 
feeding the varicap diode from a suit
able high-impedance, variable-voltage 
source. 

The phase detector comes next, being 
commissioned with the 50 kHz 
reference. If this is fed to both pins 3 and 
1, i.e. no phase error, the output at pins 5 
and 10 should be about 1.5 volts. If this 
feed is made only to pin 1, leaving pin 3 
open cir_cuit, the output should fall of0.8 
volts, i.e. go up. Conversly feeding only 
pin 3 the output should rise to 2.2 volts. 

Next the loop filter can be assembled, 
bearing in mind that the CA 3130 is a 
m.o.s. device and that care should be 
taken to avoid damage due to voltage 
transients during soldering or 
capacitive charge effects during hand
ling. \Vith this the loop can now be 
closed and, with any luck, frequency 
lock obtained. Checks on the output 
wave form can be made with a spectrum 
analyser, if one is available, or failing 
that, a general-coverage receiver with 
an "S" meter. The reference feed 
through may be detected as low level 
signals 50kHz on either side of the· 
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Components List 

Reference oscillator, programmable divider and prescaler 
R 1 R 2 68k52 'Ia watt C 1 330 pF polystyrene 30 Vw 
R 3 15052 'h watt C 2 100 pF polystyrene 30 Vw 
R 4 2.7k52 'Ia watt C 3 15 pF ceramic 30 Vw 
R 5 10k52 'Ia watt C 4-C 10 0.0lf.1F ceramic 30 Vw 
R 6 3.3k52 'h watt 
R 7 47052 'h watt 
R 8 1k52 '13 watt 
R 9 toR 15 8.2k52 '13 watt 
R 1s 1.5k52 '13 watt 
Trt BC 108 
Tr2- BSX 19 
Tr3 BSX20 
Diodes IN4148 
in diode matrix. 

CT 1 7-65 pF trimmer 

X 11MHz HC6U quartz crystal 

ICI SN 7474 
IC 2 SN7490 
IC3> IC 4SN7404 
IC 8SN 74196 

Phase detector, loop filter v.c.o. and heterodyne mixer 
R2o 
R21 R22 
R23 
Rz4 
R2s R2s 
R21 

Rzs 
Rzg 

RJo 
R3IR32 
R33 
·Tr

4 

Tr 5 

Tr 6 

DIO 
D 11 D 12 D 11 

3.9k52 V3 watt 
10052 V3watt 
8252 'Ia watt 
10k52 '13 watt 
18k52 '13 watt 
1k52V3watt 
3652 '13 watt 
22052 V3 watt 

82052 V3 watt 
18k52 '13 watt 
lk52 
2 N4126 
BC 108 
BC 108 
MV 1401 Motorola 
1N4148 

Coils and tuning capacitors 
see circuit diagram inset. 

C 15 0.lf.LF ceramic 30 Vw 
C 16 0.68f.lF polycarbonate 30 Vw 
C 11 C 18 47f.LF electrolytic 25 Vw 
C 19 100pF ceramic 30 Vw 
C 20 0.33f.lF polycarbonate 30Vw 
C 21 0.1f.LF ceramic 30 Vw 
C23 Czs 
C 26 C 27 O.Olf.LF ceramic 30 Vw 
Czs C3o 
C31 c32 
c34 

C 24 1 OOpF silvered mica 
C 29 0.lf.1F ceramic 30 Vw 
C 33 25f.LF electrolytic 25 Vw 

IC 9 MC4044 Motorola 
IC 10 CA 3130 RCA 
IC 11 MC 1648 Motorola 
IC 12 SN 74500 
IC 13 SL 641 Plessey 

wanted signal. Finally the v.f.-o. and 
heterodyne mixer can be built and the 
mixer output coils peaked, using an r.f. 
volt meter, in the centre of their res
pective ba(lds. 0 

Variable-frequency oscillator 
R 40 27052¥2 watt 
R 41 47k52 2 watt carbon 
R42 33k52 '13 watt 
R43 10k52 V3 watt 
R44 R4s 1k52 '13 watt 

2N 3819 
BC 108 

6.2V400mW 
zenerdiode 

2.5mH choke Repanco 
2.6-3.6f.lH coil Cambion 2419-3. 

Power supply 
Rso 
Rs1 
Rsz 
Rs3 
Rs4 
Rs5 
Rss 
Rs7 
Rss 
Rsg 
Rso 
Rst 
Rs2 
Rs3 
Rs4 
Rss 

References 

3352 V3 watt 5% 
1.5k52 1fa watt 5% 
1lk52 '1:1 watt 5% 
3.3k52 1fa watt 5% 
6.8k52 'Ia watt 5% 
3.3kQ 'Ia watt 5% 
8.2kQ 'Ia watt 5% 
1052 1fa watt5% 
1.2kQ 'Ia watt 5% 
9.lk52 '!3 watt 5% 
22052 1/z watt 
47052 '12 watt 
22052% watt 
18052 1fa watt 
1.1k52 '1:1 watt 5% 
3.9k52 '1:1 watt 5% 

0-9-17 volt 1 amp 
charger transformer 

C 40 22pF N750 ceramic 
C 41 22pF silvered mica 
C 42 47pF silvered mica 
C 43 2200pF silvered mica 
C 44 1 OOOOpF silvered mica 
C 45 C 46 0.0lf.1F ceramic 30 Vw 
C 47 0.lf.1F ceramic30 Vw 
C 48 0.047f.lF ceramic 30 Vw 

Vc 16-75pF Jackson type U101 
CT 2 3-30pF trimmer 

C 50 lOOOf.lF 25 Vw electrolytic 
C 51 4700f.lF 16 Vw electrolytic 
C 52 C 53 0.01f.lF ceramic30 Vw 
C 54 47f.LF 25 Vw electrolytic 
C 55 220f.lF 16 Vw electrolytic 
C 56 220f.1F 16 Vwelectrolytic 

IC 14f!A 723 
IC

15 
- - -

Tr9 OC 35 on heat sink 

Tr 10 BC 108 
Trii 

D 1s-D 20 IN 4001 
D 21 6.2V, 400mW zener 

3. Crystal oven and frequency standard. L. Nelson-Jones. Wireless 
World June 1970 pp. 269-273. 
4. 10-80 Metre Amateur Transceiver. D. Bowman. Wireless World 
June, July, Aug, Sept 1972. 

Police communications aided by 
microcomputer 
A recent demonstration of a police com
munications headquarters in Leicestershire 
which has been converted to microcomputer 
control may well indicate new trends in Post 
Office/Home Office/police relations. 

The "Consort 2" computer-based network 
is a development by Bumdept Electro~ics of 
Erith and Biggleswade. As reported in our 
March 1979 issue, the company was previo
usly a part of the Ever-Ready (Berec) Group, 
and is now partly under the control of the 
National Enterprise Board, which holds 51% 
of the equity. The new system replaces a 
v;h.f. communications centre which was 
functional but, according to a police spokes
man, "out-dated," consisting of a manually
switched exchange in contact with mobiles 
and handportable units on the beat. 

Although by no means revolutionary in 
concept, the new process has some unusual 
features, not the least of which is the facility 

it provides to the driver of a patrol car or 
other observer to check in a few seconds the 
name, address and age of the owner of any 
car. This is effected by means of a direct link 
through the carrier-operated main station to 
the national police computer in Swansea. 
While such a facility could conceivably be 
used to, harass a motorist, its usefulness as an 
instant check on stolen cars must be undis
puted. 

Briefly, the system comprises a v.h.f./u.h.f. 
linked switching exchange with facilities for 
monitoring, independent selection, and talk
through (via a main station), linking mobiles ' 
to base and to each other. It is also possible to 
patch in to local P AX/PABX lines, rendering 
the telephone network open to use by the 
police. 

Even though a Leicestershire chief inspec
tor suggested that the Post Office is reticent 
where the provision of a personal telephone 

service for the copper on the beat is con
cerned, the official Post Office line is that as 
the telephone service is free to everyone else, 
it must also be free to the police. 

With the recent changes which have taken 
place in Post Office regulations, permitting, 
interface of private mobile radio with the 
telephone network, specifically to Air Call 
Ltd, Burndept has unquestionably struck 
while the irori is hot. Linking a microproces

·sor to a basic switching circuit is hardly a 
systems breakthrough, but the Home Office, 
which selects and checks equipment for the 
police (and pays for it from the public purse) 
is clearly satisfied with the result since it has 
already equipped both Northampton and 
Nottingham as well as Leicester with the 
"Consort 2." A further 11 systems have been 
ordered by the Home Office for other police 
forces, at an approximate cost of £100,000 for 
each installation. 
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Motor speed controller 
lnexpens.ive home-made alternative to £20 commercial model controllers 

This motor controller is a cheap and 
effective home-made alternative 
to £20 commercial devices performing 
much the same function. The total 
~omponent cost is under £5. It is 
considerably lighter and more efficient in 
terms of battery power than the · 
servo-operated rheostats of the past. It 
also has some unique features of especial 
value to model boat enthusiasts. Because 
the motor control transistor derives its 
base current ultimately from the receiver 
power supply. it is impossible to set the 
boat off with the receiver switched off. 
Also. it is possible to set up the controller 
so that the off position of the transmitter 
control is biased toward the reverse 
speed end of its travel. This allows full 
speed to be achieved forward. but only a 
low speed in reverse. This not only looks 
more realistic. but also avoids the 
propeUer unscrewing itself in mid-pond! 

A FELLOW RADIO-CONTROL. boat 
enthusiast wanted a device to . control 
the electric motor in one of his scale 
boats. Ideally he wanted proportional 
speed control in forward and reverse, 
from one channel of his "digital" radio 
control outfit. 

The modulation in these digital sys
tems is similar to that described by M. F. 
Bessant in his multi-channel control' 
system (Wireless World. October 1973). 
A number of width-modulated pulses of 
1 to 2ms duration are sequentially 
transmitted, with a synchronization 
ptllse for . the decoder. The repetition· 
periocfof thiS-train ofpulses--iS-typlcally 
15 to 20ms. The system used by Bessant 
and others is shown in-Fig. 1 (a), with a 
slightly older variant at (b) . in the last
mentioned system the sync pulse is 
ionger than the control pulses, and the 
cycle repetition rate is usually indepen
dent of the widths of the control pulses; 
in the modern system the cycle time can 
vary over a wide range, depending on 
the settings of the controls. 

The frames of pulses are transmitted 

·Fig. l. Examples of modulation systems· 
used in digital radio control are M. F. 
Bessant's multichannel system using 

:short sync pulse (a) system using long 
sync pulse used in some radio control 
outfits (b), while (c) & (d) show outputs 
from different decoders for given · , 
channel. 

(a) 

(b) 

(c) 

(d) 

by J.D. St&Jmbles, B.Sc. 

Sync Channel 1 Channel 2 Channel 3 Space Channei'N' 
mid-setting min. max. . typically 

1·5ms 1-0ms 2 -0ms I :..._0·25ms _, 

J 
Sync Channell 

I Channell 
I 2 I Channel3 

I 

------~r-1~: ______ _ 
I I 

~- ~ :_Extra pulse width - -
b--+...! produced by some decoders 
1
channel

1 
• 

I 2 I output . 
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From OV 
decoder 

IC1 IC2 
Pins 14 

IC, IC2 
Pins 7 

IC1 & IC2 - 4011 

over a suitable data link (a 27MHz car
rier for model radio control) and de
coded at the other end. The decoder 
splits up the pulse train, presenting 
pulses for each channel at the appro
priate channel output, as in Fig. 1 (c) or 
(d). In some decoders the "space" is 
added to the width of the output pulses, 
although this appears merely as a fixed 
offset. which can be allo,wed for in · 
setting up the. servo, or motor controller. 
·The polarity of toe output pulses also 
varies from one system to another. 

In deciding on a suitable method of 
controlling the motor, the . obvious 
approac~ was some form of variable 
mark-space switched control, using a 
power transistor. As the motor only 
dr~w about t'l"o._amps , wh~n \'StaHed, · 
from a-I2-volt supply, a 'rnedmm power 
device of the Tip41 type was suitable. 
To obtain forward/ reverse control a 
bridge circuit was considered, but 
rejected as the three extra transistors 
(two of them p-n-p types) would not be 
cheaper. or occupy less space than a · 
miniature relay. 

Some motor controllers on the mar
ket use a standard electromechanical 
servo to operate a control on the motor 
control unit. This seemed clumsy, and 
wasteful of an 'expensive servo and the 
power it consumes. Instead it . was de
cided to use the width-modulated pulses 
from the decoder. suitably processed, 
to control the variable mark-space mo
tor drive waveform. 

R10 

02 1N4148 

R6 1k _R11 

CJ 470n R7 1M2 R 
13 

A 

Fig. 2. Circuit of the c.m.o.s. · · 
motor-speed controller that is lighter 
and consumes less power than the 
"servo-operated rheostats of the past." 

The system chosen to do this has the 
advantage of simplicity. Its disadvan
tage is that, because of the pulse 
stretching technique employed, the 
motor speed is inversely proportional to 
the overall frame length ~ · Therefore in 
systems such as Fig. 1 (a} there is slight 
interaction between other channels and 
motor speed. Since in most ·systems it is 
unlikely that all the other controls will 
be at their extreme positions in the same 
direction simultaneously, the effect is 
-'!ardly -noticeable. 1n systems where 
these conditions do occur. or where 
motor speed is important, fixe(l frame
length modulation will have to be 
employed. A modification to . Bessant's 
encoder to allow this is suggested at the 
end of this article. · 

Circuit description 
Complementary m.o.s. devices are 

used in the complete circuit, shown in 
Fig 2. because of their low power con
sumption and high input impedance, 
which facilitates their use as timing 
circuits. The incoming signal is inverted 
by ICl (a) and may be omitted where 
the decoder delivers negative-going 
pulses. The negative-going pulses . at 
point 1 (see also Fig. 3) trigger the 
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RLA1 

BC350A . 

1N5408 

820 
Tr3 

2k7 

Motor 
T-IP41A power 

supply 

ov 

monostable .circuit made up of IC1 (b) & 
(c). · In the discussion that follows 
assumes that the input pulses are of 1 to 
2ms ·duration,. and the frame repetition 
period is i5ms. The normal output 
pulse-width of . the monostable is ad-
justed to 1.5ms by R 

15
_ · 

Operation of the circuit with pulse 
widths shorter than, equal to, and 
lon.ger than, 1.5ms is .shown in Fig. 3. 
Fot short pul~es the ou.tput of IC1 (b), 
point 2, is a constant ' 1.5ms positive
going pulse. This is compared with the 
input in NAND gate IC1 (d), whose 
output is a negative-going pulse of. 
length equ_al to the difference between 
input and reference 1.5ms pulses; \Vhen 
the input pulse is longer than 1.5ms the 
output of ICI (c), point 4, is a fixed 1.5ms 
.negative pulse, whilst the output of lC1 
(b) r~produces the input pulse. NAND 
gate IC2 (a) produces a difference-pulse. 

The l~wer part of the circuit in Fig. 1 
(a) consists of the ·pulse-stretching and 
driver/output circuits. The operation of 
the 'pulse stretcher is shown in Fig. 4. 
\Vhen the input pulses ate very short, as 
in (a), the charg~ put on C3 through Dz 
and ~: is so small that the bleed resistor 
R7 keeps the voltage on C3 below ·the 
trigger point of the 555 IC. This is 
connected as a comparator, with the 
threshold input held high by R9 . The 
comparatorworks in an inverting sense, 
so its output is high when the voltage on 
pin 2 is below the internal reference of 
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V3 Vee· In this state Tr2 , Tr3 and Tr4 are off 
and no power is applied to the motor. 

As longer input pulses are applied, C3 
begins to charge above the trigger 
point, so the comparator output goes 
low. Resistors R8 and-R16 are. now con
nected to ground through pin 7. dis
charging C3 until its voltage is below the 
trigger point once more. During this 
time the drive transistors are on and the 
motor is driven. Fig. 4 (c) shows the 
operation of the circuit when the dif
ference pulses are half of their maxi
mum length, 0 .25ms. The pulse 
stretcher drives the motor for half the 
frame period. 7.5ms, thus giving ha~f
speed control. \Vhen the differen.ce 
pulses are at maximum length, 0.5ms. 
the voltage on C3 never drops below the 
triggerpoint, so there can be a slight 

. dead-band atfull-speed setting: 
The forward/reverse function is de

termined by the R-S flip-flop IC2 (c) and 
(d) . Figures 1 & 2 show that pulses occur 
at point 5 only for inputs shorter than 
1.5ms, -and at point 6 only for longer 
inputs. The flip-flop therefore latches on 
whichever of these signals · is present, 
and gives a steady signal to drive Tr1, 

the relay drive transistor. Inclusion of 
the network C2 , R3 and R4 ayoids ',the 
relay switching over briefly for a couple 
of frames, in the presence of radio in
terference. This is obviously un
necessary if a noise-free data-link is 
used: ' . .. '. " ' 

Since the relay switches over at the 
centre dead point of the speed control, 
i.e. when the motor is off. the relay 
contacts can safely be used . to pass _ 
.:onsiderably more thi:m . their rated :, 
direct switching currents. Thus in the . 
prototype, one of the popular miniat~r~ · 
12V relays with a,l85 ohm coil. and . 
nominal2 A contacts is used to pass the 
full rated current of Tr4 (i.e. 6A) and 
could be used for much more. 

The drive current into Tr4 ; about 
IOOmA and set by R13 , has been chosen 
for a mid-ninge gain selection for this 
device of about 4A collector current. 

Modifications and extensions 
To use the controller for much higher · 

currents,· Tr4 could be used as a driver 
for a larger n-p-n silicon power, transis~ 
tor in the Darlington configuration or 
for a hefty p-n-p germanium device; In · 
the last-mentioned case it is essential to 
provide a ·Jaw-value base-emitter . resis
tor. to ensure the device turns off, even 
when hoL For currents much over 10 
amps -a , Iar,ger relay should b~ use.d, 
although Tr1 may have. to,be r~placed 
with a Darlington pair to .diive a low_er . 
resistance coil. To minimize iriterefence 

·--: it would be wise .top.lace t'~e~e high-

Fig. 5. Ins~~tion of dwnrny fni.lse into"~ ' 
frame equalizes frwne lengths. , 
Example shows four-channel. system 
with controls at shortest m~lsecwidth 
setting (a). and at{o~ges£pt~lse-w idth 
setting_(b). 
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(a) Short input pulse ( 1 ms) (b) M id-range input pulse (1 -5ms) (c) Long input pulse (2ms) 
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Fig. 3. Ope;ation of the monos table and pulse-difference circuits with short input pulse 
of ims (a), mid-range input pulse of 1.5ms (b), and long input pulse of 2ms (c). 
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Fig. 4. Ope·ratibn of the pulse-stretching circuit with pulses shorter than dead-band 
(a), mid-range width pulses (b) and full-scale width pulses (c) . Time is scale 
distort~d for Clarity: 
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current components - output transis
tor, catching diode and relay - away 
from the rest of the controller circuit. 

Construction & setting-up 
The prototype was constructed in a 

miniature plastic box, about 70 x 48 x 
25mm, with a piece of aluminium dou
bling as heatsink and lid . Tr4 was 
mounted on the inside of this lid, and all · 
the other components except the relay 
mounted on a printed circuit board, 
although strip-board · would be equally 
suitable. 

· If the circuit has been constructed 
correctly it can be aligned without in
struments, although a multimeter or a 
c.m.o.s. - compatible logic probe would 
help. With the controller connected to 
the correct channel output of the de
coder, and the encoder/transmitter's 
control for that channel centred, the 
monostable/pulse-difference circuits 
can be checked and' aligned. Adjust R15 

until no pulses appear at the output of 
IC2 (b): this can be seen on a scope or · 
logic probe, or the direct voltage at this 
point can be measured on the sensitive 
range of a multinieter. If 12V is applied 
then the relay should be heard to 
change back and forth around this 
point. · · 

To adjust the pulse-stretch ratio con
trol R16 , set the transmitter control to 
maximum or minimum and adjust R16 

until the 555 output is low with no 
positive-going pulses. This can similarly 
be seen on a scope or logic probe, or the 
average voltage measured with a meter. 
\Vith 12V applied and the motor con
nected the control can be adjusted "by 
ear" to give full speed. There should be a 
little play in the transmitter control 
whilst full speed is still obtained, i.e. a 
dead-band. 

If for any reason a full stretch cannot 
be obtained, the value of R6 may be 
changed. Note however that it is below 
its design value of about 1.6kohm, the 
·remaining resistance being accounted 
for by the output resistance of the un
buffered c.m.o.s. gate. This effect could 
possibly be reduced if an emitter
follower were used in place of 0 2• 

The relative values of~ and R7 con
trol the width of the off dead-band, and 
the relative values of~ and R8 + R16 

control the pulse-stretching ratio. The 
value of C3 is not critical, but should be 
in the range of 0.22 to 2.2 ~tF. Larger 
values make the system response more 
sluggish, and smaller values spoil the 
linearity of the pulse-stretching law. 
Transistors may also be substituted · 
with any common-sense alternatives, 
although Tr1 should be a high-gain 
device. 

Encoder modifications 
It is possible forthe settings of other 

controls to affect the speed of the mo
tor, although the off and forward/ 
reverse changeover points are not 
affected. In applications where this 
variation is likely to be unacceptable 

7490 
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the following modifications are sugg
ested, based on the Bessant design of 
encoder although equally applicable for 
similar encoders using c.m.o.s. 

The modifications consist basically of 
inserting a dummy pulse into the frame, 
to equalize the length of the frame 
whatever the setting of all the controls. 
This dummy pulse has a minim urn 
length of 1 ms to avoid causing mal
function of the decoder, which is de
signed to accept pulses of less than 1 ms 
as sync pulses. The modified pulse 
streams are shown in Fig. 5: in (a) with 
all the controls are at minimum, and in 

Out 

33k" 

c 
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+5V 

R 82k 

1k . 

8 1N4148 

6 

555 
Trig 

OV 

1·1 CR ;;:,o t (frame) max. 

Fig. 6. Modifications to Bessant's of 
October 1973 issue give constant frame 
length by t-tsing existing counter and 
sacrificing one control channel (top). or 
by retaining nine-channel capability 
with count-to-eleven circt-tit (below) . 
*74293 is recommended but has 
different pin connections than 7490. 

(b) at ·maximum. The dummy pulse is 
generated by the extra components in 
the Bessant encoder of Fig. 6 (a). This 
implementation sacrifices one channel, 
but if his is unacceptable then the 
variation in Fig. 6 (a) overcomes this 
problem by replacing the decade 
counter of the original circuit with a 
divide -by-eleven counter. When the 
counter reaches binary 1010 (decimal 
1 0) the decoder produces no output. In 
Fig. 6 (a) the output for a count of 
decimal9 is disconnected. In either case. 
when this end-state is reached the out

. put of the multivibrator stays high until 
the monostable (555 timer) goes low. 
when the discharge terminal of the 555 
grounds the common timing line. After 
a further 1 ms the multivibrator goes 
low and the normal pulse sequence 
re-starts. The period of the monostable 
is set for just longer than the maximum 
normal frame length of the encoder. O 
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MicrO-soldering! 

II -s= 
... a miniature iron with the elements enclosed first in a ceram ic 
shaft . then in a stainless steel. Virtually leak-free. Only n.;; -- long 
fitted with a 3 /32 "" bit £4.37 inclusiYe of VAT and P &PRange of 
5 other bits availab le from ~--down to 3/64 . . 

Model X25 - 25watts 

A general purpose iron also with a ceramtc and steel shaft to give 
you toughness combined with near-perfect insulat i.on. Fitted wi th 
1 ;s· bit and priced at £4.37 incl usive of VAT and P & P Range of 
4 other bits avai lable. 

Model SK3. Kit 
Contains both the 
modeiCX230 
soldering iron and 
the stand ST3 
Pr iced at £6.21 
incl us ive of VAT 
and P&P It 
makes an 
exce llent present 
for the radio 
amateur . 
modelmaker or 
hobbyist 

.Model SK1 Kit ~ 
This kit contains a 15watt miniature 
soldering iron. complete with 2 spare · 
bits. a coil of solder. a heat sink and a 
booklet. 'How to solder. Priced at £6.40 
inclusive of VAT and P. & P. 

Model M LX Kit 
The soldering iron in this ki t'can be 
operated from any ordinary car battery . 
It is fitted wi th 15 feet flexible cable and 
battery· clips Packed in a strong plasti c 
envelope it can be left in a car. a boat or 
a caravan ready for soldering in the field . 
Price £4.83 inclusive of VAT and P. & P. 

Model SK4 Kit 
With the model 
X25 /240 genera t 
purpose iron and · 
the ST3 stand. · 
this kit is a must 
for every tool kit 
in the home. 
Priced at £6.21 
inclusive of VAT 
and P & P 

Antex TCSUJ & ·CTC .. 
... the perfect kti 
for mzn£ature' 

work 
*ere. No.7!0to 

Tip size: 0.5mm-.02 

~ • . Finger-tip acturacy: 
~ combined with strict . .... .. .. • _,.: .... 

1
,_ control of temperature set 

-. anywhere between 145and400°C. 
• • Negligible leakage current. 
~- Earthed and protected by . 'fail-safe' 
circuit. Operates at 24 volts. 

TCSU 1 station complete with soldering iron ' · 
(XTC or CTC) £36, plus VAT to industry. 
Our multi purpose range of soldering irons are all 
made in England and fully guaranteed~ They are . 
stocked by many wholesalers an-d retailers in the U.K. 
but if unobtainable locaily" we will supply direct. , , 

E lectronics. Ltd. 
Mayflower House, Armada Way. Plymouth. Devon Tel: 0752 67377/8 Telex: 45296 · 
fr __ · ---- -· -~--: - .· -->{~.~ 
I ~lease send the following .. .. · ... .. . ..... : . . : .' . . . : · .. . : . . ...... . ' . _· , 

] Please send the ANTE X colour brochure D. . .I 
I I enclose cheque/PO/Giro No. 258 1000 1 

1 Name . . .. .. . . I 

.. , Address . . . .. .. . · · .. · ~I 

I . .. .. , · :1 
· \._ Antex Ltd. Freepost, Plymouth PL11BR Tei.075267377 · ) 
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Type 
No. 
A2."9.l 
A24 :l h 
A3 4 5 1 0W 

21 .16 
A44 -510111 

38.68 
AH :•os 247.30 
.\H2:•1 25.80 
AH :• lR 24.45 
-' H/ 51 1 62.50 
AT1038 409.15 
Al:l1 1 .65 
IIZ-11 1 .70 

Af> 5 1.60 
B.lOY 0 .80 
B:l1 4 0.84 
83:'9 0 .68 

8115.1 109.98 
BK6 6 59.15 
BK-1-18 73.25 
BK·184 99.00 
BT'> 36 .00 
BT58 26.70 
en 7 65.05 
BT19 22.20 
BT95 78.05 
BTl :>5 63.10 
BT127 69.10 
8\~ 116:•JJ 

213.49 
B:llOBL 01 

165.00 
B-11 481 -01 

225.00 

c' . l•h 45.00 
.c .. 1.<1 5 .48 

r:v • ' 8 4.39 
cv:11s 4.62 

CV39 1 16.80 
CV1 6 l5 10.30 
cv:• • .>7 11.32 
CV.>:> .J') 7 .39 
CV:>38c 7.05 
C\ :4g:· 5 .48 
cv:•493 6 .04 
cv2c.:•:• 7 .23 
CV?7!9 7 .1 9 
CV.?~US 2 .30 
Cv3'i08 
CV3'!98 7.10 
CV·1 1HU 7 .01 
( \ ' .100-1 7 .23 

>I(J 6 .81 
CV.l ! Jl.l 6.27 
CV-1 (>15 6.52 
Clt-1 0 I 8 4 .50 
CV40:1.l 6.27 
(-. .. HJ:''i 9.60 
C\'.1( 14 I 8 99 

cv:13 11 
CV53 71 
cvs 16 6 
C\/5809 
cvsgsg 
CV6007 
CV84.l' 6.70 
CV8667 8 .04 
CV9' 55 4 .98 

•10 I GOGH 
58.17 

013 - 'oG H (1 1 

151 .00 
0 '-1 'IOGH 

90.56 
l) lJ 1 7!G H 

90.56 
D14 , 72C M 

106.82 
OAFq 1 1.00 

DI:G4 I UOCJ ED 
26.72 

DF61 1 .50 
DFfl l 0.75 
DF9 :• 0 .85 

DG7 <I 47.25 
DG 7 .1:• 47.25 
DGLl .' 21.00 
DH391 40.29 
DH!7 1 .40 
DH 109 1 .28 
0HI4 .' 2 .00 
Oh/19 1.10 
fJ K~J 1 0.95 

DL'i15 4 .67 
DLS '6 10.50 
DR-'1100 4.45 
DR:•o l(J 4.85 
CJR:> 1 OOV I 5 .70 
D•8fi 0 .60 
[)Y87 0.60 
DY80.' 1 .04 

ES'il 21.00 
E;oocc 5 .00 
EHOCF 7 .00 
EBOF 6 .32 
E:; I cr: 2 .40 
EH11 8 .51 
E8:'CC 7 .48 
EHJCC 4 .50 
E83F 5.64 
E86C 10.35 
EHHC 5.56 
f HB CC 4 .98 
E8 8CC U I 5.48 
[ 90CC 5.40 
E911F 4 .92 
f99 F 
f ' J(J l 20.33 

Type 
No. 
E180F 
E187CC 
El H6CC 
El HH CC 
E:'BOF 
f 2H3CC 
E:'BHCC 15.00 
E~A91 0 .88 
f.\BCBO 1.15 
EB91 0 .88 
EBC9ll 1.25 
E C~O 2 .20 
EC0 1 6.09 
EC(\:) 1.02 
ECCH 1 0 .80 
ECC8. ' 1 .1 5 
ECCA3 1 .15 
f(:CR-1 1 .1 9 
ECC85 1 .16 
ECCBR 1 .90 
ECC91 6 .58 
ECC804 1 .12 
ECC. '000 9 .32 
EC FHO 1 .36 
ECFB:> 1 .04 
ECHB 1 2 .32 
ECLBO 1 .32 
ECL8:> 0.88 
£Cl8'• 1.12 
i Ci.86 1.58 
EF:P A 3.35 
f f:l9 3.75 
EFHO 0.80 
EFW1 0 .91 
iFHti 1.44 
CFH'J 1.77 
ff~ > 3 .99 
EF9' 5 .00 
EF9 .'l 0 .80 
ffC).l 0.80 
Erg:, 4.19 
Ef '83 1 .36 
EFHl-1 1.44 
EH90 1 .25 
FK"II 0 .96 
ELJ.-1 2 .24 
Et ~h 1.94 
Et:ll 6.75 
EL.J;• 10.50 
El·l' 2 .25 
EL8' 1.60 
F.t8:1 1 .20 
f1A·I 1 .15 
ELW• 4 .20 
EtHii 2 .16 
fL91> 1 .1 2 
fl9' 5 .58 
f t9~> 1.32 
Et.l60 4 .12 
fl50'J 3 .40 

Price Type 
b. No. 

6 .44 M38:l1?\l\' 
15.00 37.50 
15.66 IVHI1 19 9.60 

F N: l1 5.80 MHO~ I 7 .79 
EN9:• 5.85 IV~OH.'' 3.00 
EY51 2.37 \'8091 8.99 
EY8 I 3 .38 MR1 J9E 4 .80 
EYH·I 6 .81 """~ 1110 6.81 
fYR6 0.84 "1 2 1 lt> 7.01 
EY81 0.84 'IH I J.' 7 .23 
EY88 1.05 IVH > fi I 6.52 
EYq ' 2.25 VH 1 n:• 6 .27 
EYRO ' 0.91 'IH:•o.l 8 .70 
EZ :15 1.15 rv:·Q .> :l 2 .70 
EZ411 1.25 IVH:' 18 9 .12 
EZ80 0.98 IV f 1 -100 4.85 
fZ81 0 .72 IVTo>7 58.35 
EZ90 1.08 '\I ' 6.00 

GL!> I!> 1 4.00 1'.3ll9 2 .22 
r;R:< 1 8 .95 ~J!,·i 0 .80 
Gu50 12.00 PCA fi 1.79 
G \ 8160 34.00 PCBK 2 .05 
GXH' 20 43.85 PC'• I 1 .15 
GX0:'50237.80 PC9(J(J 1 .26 
G<U 1 16.63 PCC84 0 .84 
GXU4 33.00 PCCB!, 1 .32 
GXl' .'il 15.45 PCC fl8 1 .12 
GY50 1 2 .57 PCCR<J 1 .38 
Gl30 1.1l PCC I H9 1.90 
Gl3 1 2.25 PCF80 1.36 
G!J:• 1 _65 PCF8:> 1 .32 
(]l4 1.90 PCF8" 1.58 
Gl:J 7 3 _50 PCF '00 2.46 

r; ' 11'•0 14.00 ~~~~gJ. ~ :~: 
H P,C '! 1 1 -50 PCF80H 1.44 
I OZOTRO"- PCh:'OO 2 .32 

74.15 PCLR 2 1.36 
I• Th! 6.75 
KTHB 8 .72 
l td 4.80 
L77 2 .20 
L "I 19 1.66 

' " 15 1.32 
LN309 1.38 
L 'IJ.1.'19 1.68 
v: ·-1 ~H('G H 

26.50 
M:'-1 30:•\\ 

26.50 
M ~1 ~':'GH 

33.00 
v {' 1 1 . '\! 

33.00 
M ' ' n .IGH 

33.00 
M:l ' :J:l- 11!\ 

33.00 
fVl 'H ' 1 1GH 

PCL8.1 1 .58 
P!:IKJ 1 .44 
PCLHf1 1.58 
PCLH6 1.58 
Pet HH 1 .68 
PCt 80f, 1 .58 
PD.'>OO 3 .90 

Pf 1 100 70.00 
PF L200 1.98 
Pt:l ' 1 .00 
PU6 2.05 
Pt H' 1.12 
PLR .'l 0 .80 
P1R-I 1 .58 
PL9'· 1 .10 
PL:)(HI 1 .20 
PL oll4 2 .16 
PLSO" 2 .35 
PL '>09 3 .33 
PLP.t·: • 3 .46 

Pt h :·/.l 15.66 
PrJ ' 1.10 

b. 
PYHI 1 .00 
PY2:' 0 .75 
PYR3 0.75 
P'P.A 1 .36 
PY5110 2 .24 
PY'i()(JI\ 2 .24 
PY800 1.26 
PY81 11 1 .00 
Ul 'llOGU 

80.79 
00\'(1:' fi 9 .90 
OuVCJ3 Ill 4 .50 
'llld13 :•o 

18.00 
na•.m :•oA 

18.00 
t )C\!06 .l()A 

31.00 
oovn; . ..t() 9.50 
0583 3 1.75 
0Sfl5 •o 4.85 
OS 1 '10 lrl 4.10 
OS' :'011 2 .25 
OS 1 ?O!i 1 .75 
05 ' 09 1.75 
OS>.•> · 3 .55 
OS 1 .' 1 ~> 1.80 
avos:,~, 3 .12 
OV(16 :•o 7.92 
OY7 H11J 51 .80 
on 1:15 46.60 
0•4 250A 

55.14 
OY-1 -100 62.67 
1)/(1], .'11 22.25 

2 .37 

21 .80 
RG3 · ,;, (),~ 

28.10 
PG.~ 1 •:,o 

24.45 
RG .l 1) 1,[1 

25.80 
RR.~ '~0 7 .15 
RR :~ 1 : ' ~>08 

71 .00 
S ' ' f I ' 28 .50 
S1 .H1P 3.75 
SP~ ' 5 .25 
Su61 2 .37 

TB l h< > 59.30 
TB-l 1 .' 50 76.82 
TY:1 :H)(I 59 .30 
r y: 35ll 86.57 
ry .1 .t ( J(J 59.30 
TY-1 -1011(84.78 
T• .l ~00 76.82 
TYb flll0 150.96 

1 .28 

Price 
b . 

0 .95 
J . ' •:· 1.10 
' 1.1/ 1 .15 
LJl:J () 1.75 
u1 ' · ' 2 .37 
l ! l') ' 1.00 
LJ ' ''· l 1.00 
u·~n 1 .00 
U.lO'J 1 .00 
l ·AB CHll 1 .28 
UAF-l? 1.25 
LBFHO 1.10 
UBF89 1 .10 
u s1:' 1 1 .40 
UCC8'1 1.10 

·ucHS1 1.60 
u CLH 1 0 .75 
LCt e:• 1.66 
UFHO 0 .75 
UFS'i 0.65 
UFR9 0.75 
ULP-1 1.44 
U'~- 1 1 0 .95 

'1/ii J r, ]( I 1.92 
\:R 111b Ai 1.92 
VP 1 110 ~~I 1.92 
VI' I 0 .75 
1/\ i: 2 .25 
\A. I.' I 0 .80 

.' '•110 
58 .35 

"<G .' ~100 45.87 
x1 :~ > ~~uo 30.62 
x~ 'o~ '• 24.66 
·.c.60l 19.90 
•PI '50UA 

z;. 
I /1 ' i 

· ;,{, 

z 7~>9 
10 11 

ZV'lU(}Il 

LPL'l ! · 
.'P 1 :'30 
ZP' :!4(J 
' P I 0(1 

22 .50 
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Price Price 
Ea. Ea. 

12.53 1 .25 fiSOI 
ZP1 :P{I 15.17 0.96 fiLJ:·~ 
/Pl-1 -'tl 47.25 1 .88 t)\ .l 
ZP1 -Hl 1 31 .50 2 .20 liV6(; T 
LPI 'dll 43.26 3.10 fiX -1 
/Tl011 22.50 o.so t)x:,r;r 
/ ..... 1 ()~) 1 87.00 0 .96 / DJH 
JXI(}') :I 158.77 1 .44 / ESH 
, ,A:• 1.45 

r) Bl.H tiA. 'WA 2 .55 
(I A3 1 .80 (iSOlA 

2 .36 h8R7 

2 .65 6P.S 1 

1.92 681116 

1 .25 n BV\ 7 

1 .75 hRXh 

' R.lCi T 1.00 fi BY i 

1F:' 1.00 h(-1 
.,.) 1.10 6Cf1CT 

I P:>H 21.75 fi(l :1 

'P39 8.90 
f)(lti 

1 R!"J 1.00 tii.Al 

, s:' 0 .60 t) (.'~ i 

I S/A 0 .60 I•CBflA 

!S-1 0 .60 fl(l-ifl 

15:. 0.60 ii t:.J fi 
lT-1 0 .60 fiC•.» 

2 .24 "(lfi 

14.00 t1C!VS 
"''St1 

7.50 ,,[\f\ .J 
8.25 bCv\' 
8.25 h ' '• ' 

-1 .'! 1t1A 55.14 h DMi 
:-Ill! •A 62 .67 flDO· 

'>AR4 2.25 bD.J8 
~lA l ti .l K 6.48 t):- 1l!l 
·,s "1:'111 12.00 fifH I 

~)R '',. IM17.37 ilE.J I 
f>C'.' 39.50 o F SA 
'lC P l 26.00 t1F l 
!JR.H:T· 3.90 f·;r"' 
.>U-lG 2 .63 I ~ F :)~ 
~)y J(: T 1.28 f)r·H, 
/~(; 1.12 hFfiGB 

1.00 / FC' 
1.36 !-) 1-<GB 
1.55 CJ .\l)H 
6 .00 '!.) V\~ 1!-lt<. lJ 
3.84 ~ili8 •,t; f\'P 11 .1 

6 .35 •OCI-1 466.70 
1.40 ' uLD I.' hC' 1.80 
0 .80 1:tP>H 7 .00 
1 .40 ' (IPLL ' 1 .75 
2.20 1 ' · A. L ~ 1 8 .10 
1 .10 l.'AT7 8.10 
U2 1~ 
1.36 !:•Auo 13.68 
0.12 ' :•t,u 1 13.30 
2.24 l. · t•V6 7.96 
0.75 l:'AX7 7 .96 
1.76 1:•6-IA 2 .36 
1.60 17BAfi 4 .10 
1 .70 L'Bf6 1.45 
6 .44 I:'BH 7 1 .92 
1 .94 '.''BHIA 1.75 
1.28 1 :•en A 18.75 
4 .72 1 ' . ' 30.62 
1.l9 I:OEH 3 .12 
0 .75 1303 4 .50 
1 .77 11308 11 .05 
6 .93 ' .l (iWP: 51.80 
1.68 ,_ ~fi 12.80 
1.32 . ' ,[)()11 12.80 
1 .36 86.57 
1.44 ' 28.10 
1~ 10~ 
3.99 • •r>R 1 .50 1 .1/-1:· 96.00 
0.91 . •Y • 1 .10 " 

~ :* 1 
.. -. .... T-.H._E .... v•A•L•v-...E·A~N·o~---t 

!)7-lG r 1 .12 1 ·ljAR 
1.56 fiG\11·8 ~ :~: TUBE SPECIALISTS 
1.25 1' ./ .1 

2.32 
2 .44 

1.5o Receiving, Special Quality, Trans-
!:~~ mitting, Display, Electro-Optic, 

2 .33 
1 .15 
0 .88 
6 .00 

1 .16 Camera Tubes, Gas Filled, etc. 
~:~: All valves guaranteed new & te sted bef ore 
1 .44 despatch . 

1.60 3 .00 Cash w ith order . Postage & Pack ing : Order up to 
1 .12 
2 .62 
1 .68 
1 .16 
6 .40 

0 .88 £2.30p. £5.50p. Over £5.85p .. Add VAT 12 V,% 
1.1 5 where marked' . others 8°1<>. 
~::! Account facilities available for established com -
2.44 panies. Solid state replacements for certain tvpes of 
1 60 obsolete I s 

~ S • -rc 30/50 Ossory Road, LondonSE1 SAN -:,-INTEL ELECTRONIC COMPONENT .... · Telephone:01-2370404 

Switching power supply 
design? Ferranti offer a 
neat solution.ZN1066. 

Our ZN1066 switching regulator control and drive. 
IC has everything. High direct drive capability 
eliminates costly and troublesome drive 
transformers, so often required in other 
designs. It's ideal for microprocessor 
supplies. Use it directly off line or as 
a DC/DC convertor. You can have 
single or multiple outputs. Dead 
time setting and fixed notches in 
the output become a thing of the 
past, and there's a dramatic reduction 
in component count and cost. 
Contact IC Marketing, Ferranti Electronics Limited. 
Fields New Road, Chadderton, Oldham OL9 8NP. 
Telephone:·061-624 0515 Telex: 668038. 

FERRANTI 
Semiconductors 

CU RRENT 
GND 

WW - 006 FOR FURTHER DETAILS 
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Go ahead for UOSAT 
The University of Surrey's "AMSAT" 
team, in conjunction with the Univer
sity's Department of Electronic En-

. gineering and AMSAT (UK) has now 
embarked on the building of Britain's 
first. Oscar amateur satellite spacecraft 
(see WoAR, September 1978). The pro
ject has been assured of financial sup
port by British industry and a small 
.full-time team (including a research 
officer, assistant, student and techni
cian) is being recruited by the Univer
sity's space studies group, under the 
direction of Martin Sweeting, G3YJO, 
who as research fellow will be project 
manager. 

It is planned to have the spacecraft 
ready for launching into polar earth 
orbit in 19781-82. It will provide h.f. 
operators, for the first time, with a 
facility for gathering real-time informa
tion on prevailing ionospheric condic 
tions. The project is also intended to 
stimulate a greater degree of interest in 
space sciences in schools, colleges and 
universities. Experimental modules are 
expected to includ~ h.f. beacons, a 
magnetometer, radiation counters, 
earth-pointing slow-scan tv camera and 
synthesised voice telemetry system . A 
sum of about £85,000 has been raised 
and some 4000 solar cells, two nicad 
batteries and other 'key components 
promised. It is planned that several of 
the experimental modules will be built 
by amateur groups outside the univer
sity. 

Mic'rowave mixers 
European interest in 10GHz operation, 
particularly in France, West Germany 
and Italy, remains at a high level 
although British activity seems slightly 
down on a year or two ago. An import
ant aspect of the work is the link with 
the development of low-cost "front
ends" for future 12GHz domestic tv 
reception from satellites (January issue, 
pages 38-42). In both cases the prime 
requirement is to produce sensitive , 
low-noise receivers with a minimum of 
high-cost precision metalwork, as 
usually associated with microwave sys
tems. 

British 10GHz activities have in the 
past been facilitated by the availability 
of surplus waveguide and the bias has 
been towards the conventional 
approach of separate mixer and local 
oscillator stages. The alternative 
approach of using a self-oscillating 
mixer (a single Gunn diode, for 
example) has received less attention 
and encounters some discouragement 
from "old lOGHz hands", on the 
grounds that such front ends are ex
cessively noisy (often lOdB above that 
obtainable with a separate diode mixer). 

However, a recent article ·i n the 
French amateur journal Radio-REF by 
J. Pauc, F3PJ, shows there is consider
able interest in France, both among . 

amateurs and commercial firms and 
organisations interested in direct 
broadcasting from satellites, in the 
techniques developed a few years ago at 
the University of Lancaster and de
scribed by Lazarus, Kycheung and 
Novak in Microwave Journal (March, 
1977). 

This work showed that the poor noise 
figure obtained with self-oscillad ng 
Gunn diode mixers is caused by the f.m . 
jitter of the oscillator and that by 
applying effective automatic frequency 
control it is possible to realise sensitive 
room-temperature receivers which are 
very stable and do not require expensive 
local oscillator noise cancellation. To 
quote the 1977 article: "they are 
competitive with, but require far less 
microwave hardware than the best 
conventional systems, and are strong 
candidates for practical system applica
tions." Noise figures of lOdB and up to 
15dB conversion gain have been 
achieved well above 10GHz. French 
work on these techniques seems to be 
yielding results although F3PJ indicates 
it is still at an experimental stage. The 
trick is to concentrate into the centre 
frequency of the i.f. the energy which 
would normally be distributed among 
the f.m. jitter sidebands. 

Further impetus has been given to the 
use of anti-parallel harmonic diode 
m~xers with Jim DietricJ~, WAORDX 1 

reporting in Ham Radio a 1.3GHz mixer 
using half-wave lines and yielding a 
6.4dB noise figure, nearly 40dB isolation 
between all ports, and low oscillator 
injection at half the usual frequency . 

John Wood, G3YQC, in CQ-TV 
reports currently working on lOGHz 
equipment intended for fast scan 
television; other British amateurs inter
ested in such work include G8EIM and 
GW6JGA/T. 

Some 70 Italian amateurs are now 
using the lOGHz band and distances of 
over 200km have been achieved over 
sea paths and 350-400km over land 
paths between high sites. Most of the 
equipment uses lOmW Gunn diodes 
with separate diode mixers and 30MHz 
intermediate frequency . 
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The successful series of open 
meetings of the R.S.G.B. Microwave 
Group continues with a further meeting · 
at the IBA Engineering Centre. 
Crawley Court. near \Vinchester, on 
Sunday, April 1 (progress report and 
open forum). 

Moon bounce 
··world first,.,? 
Dave Price, GW4CQT, of South Wales is 
believed to have established a world 
record in becoming probably the first 
amateur to achieve "Worked All Con
tinents" by using the earth-moon-earth 
path on 144MHz. His final contact, late 
January, was with South Australia; last 
year he made moonbounce contacts 
with Venezuela and a number of sta
tions across the United States. 

Although the e.m.e . path loss on 
144MHz is rather less than 260dB, the 
difficulty of achieving the necessary 
high aerial gains has tended to concen
trate most amateur e.m.e. working on 
the 432MHz band, although Douglas 
Parker, G4DZU at Leeds, with a 56-
element array is one of the British sta
tions equipped for listening on 144MHz. 

Among those currently working on 
432MHz moonbounce are the 0xford 
University Group with a 20ft dish (26dBi 
gain) and obtaining nearly 700 watts r.f. 
output from a pair of 4CX250B valves, 
and Chris Bartram, G4DGU, with a group 
of eight Yagi aerials each providing some 
15dBi gain and a receiver using a Plessey 
GA T5 GaAs f.e.t. with a noise temperature 
of some 50-55° K. 

In brief 
The RSGB has published a new (2nd) 
edition of "Television Interference 
Manual" by Barry Priestley, formerly 
G3JGO. This 80-page booklet provides a 
concise account of the problems arising 
from the susceptibility of so much 
domestic electronic equipment to 
strong r.f. fields as well as offering much 
assistance in overcoming them (£1.56 
including post & packing from RSGB, 35 
Doughty Street, London WCI 2AE). 
. The FCC has launched an enquiry to 
determine the extent to which r.f. inter
ference impacts on consumer electronic 
products, medical products and public 
safety communication~: one result may 
be further funding of work on the Texas 
Instruments high-performance tv 
receiver .... Increased sunspot activity 
has induced the American NatiQnal 
Bureau of Standards to resume trims
mission of time and frequency infor
mation (WW'-') on 20MHz ... To mark its 
60th year, Guildford & District . Radio 
Society is issuing a special Diamond 
Jubilee award to those contacting four 
members of the society during the 
period March 1 to August 31 (h.f. or 
v.h.f.), detaps from L. Bright, G4BHQ, 4 
Dagley Farm, Shelford, Guildford. 

PAT HAWKER, G3VA 
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Functional logic symbols 
Recommendations for a simplified method of representing complex digital circuits 

by G. M. Whittaker, B.Sc . Ferranti Ltd, Edinburgh 

The intelligibility of circuit diagrams can 
be greatly improved both by good overall 
layout and by concise, precise 
representation of the function performed 
by analogue and digital integrated 
circuits, for which a rigorously developed 
standard symbology is essential . 
Different categories of functional 
complexity of i.cs are defined, a variety of 
ways of representing i .cs is identified, 
and the preferred notation for each i .c. 
category is outlined. A unified system 
using these notations is outlined and 
examples of functional i .e. symbols are 
given . 

TIME AND EFFORT could be saved, 
and errors of interpretation reduced, in 
the interpretation of digital circuit dia
grams, if the symbol of each i.e. were to 
show as simply and precisely as possible 
the functional relationship between its. 
inputs and outputs. It is this that IEC 
117-15(1) and its direct derivatives in
cluding BS39392, should do. That they 
fail is demonstrated by the fact that 
PANAVIA, after initially specifying it in 
its entirety, have dropped the IEC nota
tion for all i.cs more complex than logic 
gates. 

Since IEC 117-15 and its derivatives 
are currently being r~vi_se_d to !arm a 
new standard, it is timely that engineers 
should examine the matter of functional 
i.e. symbols carefully to ensure that the 
new standard is fully developed to meet 
the needs of all categories of integrated 
circuits. 

The purpose of the work reported 
here 3 is to develop the current IEC 
symbology as embodied in BS3939 to 
the point where it can be used for 
drawing precise functional circuit dia
grams of all digital i.cs. There are similar 
arguments for the adoption of func
tional symbols for an~logue i.cs. 

Functional i.e. symbols 
In contrast to the precise representation 
of simple logic gates and analogue 
operational amplifiers, the more com
plex i.cs are commonly represented on 
circuit diagrams as blank boxes with pin 
numbers, and in data books in a com
plex manner which may be difficult to 
interpret. Examination ofi.c. data books 
shows that different manufacturers use 
diverse methods of presenting data 
about functionally similar i.cs. This 
diversity is increased in equipment 

manufacturers' circuit diagrams since a 
number of standards exist for graphical 
symbols for logic integrated circuits. 
Many problems have been caused by 
the publication of under-developed 
standards in the form of IEC 117-15 and 
its derivatives, which are unusable as 
they stand. They conflict with the 
JEDEC 4 symbols used widely in i.e. 
manufacturers' reference manuals, and 
employe,d by engineers and technicians 
throughout large s.ectors of industry .. 
However, the JEDEC system cannot be 
used as the basis for_ functional symbols 
for i.cs more complex than logic gates 
and flip-flops. 

The Approach ·· · 
The report on functionallogic symbols 3, 

while following BS3939 to the letter 
where possible; introduces a concise 
dependency notation representing 
multi-line addressing inputs and out
puts, representation of tri-state logic 
clarified rules for logic polarity indica 
t(lrs, and appendices showing a variety 
of i.cs and giving guidance on the 
drawing of circuit diagrams. These r'ules 
have evolved in the light of experience 
in the documentation of a digital com
puter, and of comments on both the 
.original draft of BS3939 and a pre
liminary edition of th~ report. They are 
currently being applied in the prepara
tion of a UK Service publication. 

It is thought that those who already 
understand and use digital logic could 
learn to read functional logic symbols 
and find their way round the revised 
standard in about a day using a properly 
structured course either of programmed 
learning or of formal instruction. 

Though the interpretation of the 
functional logic symbols is relatively 
easily learned, the origination of the 
best possible symbol for a complex logic 
element from currently available data 
demands a knowledge of the rules. 
Thus, in the short term, the publication 
of a set of standard symbols for all 
available digital i.cs is necessary, 
leading eventually to the adoption of 
these symbols in manufacturers' data, 
so that the originators of circuit dia
grams can quickly select the appro
priate symbol of an i.e. for use in any 
application. Otherwise this system will 
continue to be unacceptable to in
dustry. 

Categories of i.e. 
Digital i.cs are categorised in terms of 
hardware complexity, the unit being the 
gate or gate equivalent circuit. 
- Small-scale integration (s.s .i.) con
tains no more than 11 gates per i.e. 
- Medium-scale integration (m.s .i.) 
contains between 12 and 99 gates per i.e. 
- Large-scale integration (l.s.i.) con
tains between 100 and 1000 gates per i.e. 

·TABLE l - Categorisation of digital ICs 

Circuit Single Function Multi-Function 
Type Simple Complex 

Gates Simultaneous DICE Simultaneous 
(Arrays of gates) Multi-Function 

digital inverter Digital 
simultaneous buffer decoder Idem ux (arrays of DICE) 

AND gate function gen. 
OR gate full adder a.l.u . 
linear gate ROM 

shift network 
b.c.d.-to-7 seg decoder 

notation: qualifying symbol dependency pin name 
or dependency arrays of DICE 
Multi vibrators sequential DICE sequential 

digital SR. JK, T, D. Bistables (arrays of gates Multi-function 
sequential monostable. and bistables) digital 

astable. latch (arrays of DICE) 
counter microprocessor 
frequency divider p.i.a. 
shift register 
RAM 

notation : dependency dependency pin name 
• \ •• J' arrays of DICE 
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TABLE 2 -Categorisation of Analogue i.cs 

Circuit Single Function . 

Type Simple 

analogue 
simultaneous 

notation : 
analogue 
sequential 
notation: 
converters 
notation: 

ACE 

- Very-large-scale integration (v.I.s.L) 
contains over 1000 gates per i.e .. 
However, the type of functional symbol 
used for an i.e. in ref. 3 depends on the 
functional complexity of the i.e. which 
may not correspond to hardware com
plexity. Functional complexity may . be 
defined in terms of single-function and 
multi-function circuits , with the ad
ditional sub-divisions of simultaneous 
function and sequential function. as 
shown in tables 1 and 2. 

Single-function circuits. Any circuit or 
i.e. which can be described by a single 
mathematical operation , logic function 
table (truth table) or logic state transi
tion table is defined as a single function 
circuit. 

Single-function digital circuits may 
be represented precisely and concisely 
usi'ng functional logic symbols and the 
dependency notation. Typical simple 
single-function logic elements are logic 
gates and flip flops . Complex single
function logic circuits composed · of 
arrays of logic gates and flip-flops, such 
b.c.d. to decimal decoders, counters, 
shift registers and memory devices. are 
referred to in ref. 3 as digital computing 
elements (DICE). A single-function an
alogue circuit is one which can be fully 

·described by a single block denoting a 
mathematical operation, referred to as 

· an analogue computing element (ACE). 

Multi-function circuits. Highly-complex 
i.cs may be represented in two ways: 
precisely , as a circuit composed of 
single-function computing elements 
showing the exact function, or more 
concisely as a block with signal names 

. which act as aide-memoires and refer to 
the precise diagram. The choic e of 
symbol for an i.e. depends on the space 
available, the complexity of the precise 
diagram, and the level of information 
one needs. 

Dependency notation 
The key to functional symbols for 
single-function digital computing ele
ments is the use of a fully-developed 
dependency notation that allows the 
interaction between the control signa ls, 
data inputs and data outputs to be 
shown precisely. 

Complex 

ACE 
multiplier 
function gen. 

ualified svmbols 
gated integrator 
track/hold. 
qualified symbols 
d. a. c. 
qualified symbols 

Arrays of ACE 
• voltage regulator 

arrays of ACE 

a.d.c . 
qualifie 

One important benefit of the depend
ency_ notation is that symbols using it 
correctly are readily identifiable with
out further explanation and therefore 
the system is independent of language. 

J OR N DUAL-IN-LINE OR 
W FLAT PACKAGE (TOP VIEW) 

positive logic: see function table 

Fig. 1. SN54155 digital integrated 
circuit as shown in the manufacturer's 
data. 

STROBE !2) 
lG ------------~ 

DATA 
lC 

SELECT 
B 

SELECT 
A 

STROBE ( 141 
2G ------------~ 

Fig. 2.Function tables for the i.e. of 
Fig.l . 
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The dependency notation indicates 
the relationship between signals by 
means of both a letter placed adjacent 

' . 'to the affecting input which indicates 
the type of dependency, and an iden
tifier which · is both a suffix to the de
pendency indicator and is also placed 
adjacent to the affected signal. The 
following dependencies are defined : 
gating dependency; Gx gates the data 
on the signal labelled x: Activa.te de
pendency; Gx holds the output labelled 
x in its active state clocking depen
dency; Cx clocks the sequential ele
ments inputs prefixed by x. 

The clocking dependency is. qualified by 
+ , which is an edge trigger (1 
negative-going) denoted in function 
tables by t , and by -i' ; a pulse trig
ger for master / slave flip-flops denoted 
in function tables by _n_ . _ 
Inhibit is indicated by---+1 When an 
inhibit stands at its logic 1 state, itholds 
all outputs in that part of a digital 
two-state or linear element in the 0 state 
if normal or the 1 state of negated. 
Isolate is · shown by---B-1. When an 
isolate stands at its logic 1 state, it holds 
all outputs in that part · of a digital 
tri-state or linear element in the open
circuit Z state. 
Enable appears as -8-1 or.--€6-1 and is 
more precisely · referred to as negated 
inhibit or negated isolate, as appro
priate. 

Negation and polarity indicators. In IEC 
117-15 and BS3939-21 a subtle differen 
tiation is made between the logic' nega
tion indicator -e which is used to 
annotate those signals which are active 
in the logic-0 state, and the polarity or 
active-'low indicator ~ which is 

OUTPUT 
1Y2 
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FUNCTION TABLES 
2-LINE-T0-4-LINE DECODER FUNCTION TABLE 

OR 1-LINE-T0-4-LINE DEMULTIPLEXER 3-LINE-T0-8-LINE DECODER 

INPUTS 

SELECT STROBE DATA 

8 A lG lC lYO 

X X H X H 

L L L H L 

L H L H H 

H L L H H 

H H L H H 

X X X L H 

INPUTS 

SELECT· STROBE DATA 

8 A 2G ·2C 2YO 

X X H X H 

L L L L L 

L H L L H 

H L L L H 

H H L L H 

X X X H H 

used to annotate signals which are' 
active in the low-voltage state. In this 
paper, reference is made to the negative 
logic indicator, and logic-0 or 1 states 
are referred to in the text. However, the 
Dutch have understandably decided to 
drop the concept of Iogie states and use 
only the active-low indicator, referring 
to low or high-voltage states - a meas
ure which other countries may well · 
adopt, with resulting simplification of 
their standards. 

Pin name notation. For use in multi
function i.cs, pin name abbreviations or 
initials must be short but memorable 
and preferably standardized. Manufac
turers' pin names, where they already 
exist in data sheets, should be followed · 
where practical. 

Examples 
Various practical c.ircuits are shown to 
illustrate some key aspects of the ad
vanced dependency notation as applied 
to functional logic symbols of DICE: 

Manufacturer's diagrams of an SN 
541554 are shown in Fig. 1, applications 
of which are shown in the function 
tables of Fig. 2. Three of these. applica
tions are illustrated in functional logic 
diagrams of the element in Figs . 3 to 5, 
while Fig. 6 shows the negative-logic 
dual of Fig. 5. 

Figure 3 shows tr.e 54155 dual 2-to-4-
line encoder in its basic form in positive 
logic. The manufacturers pin names c;re 
shown bracketed. 

Pin 
2, 14, 15 
1 
3, 13 

Dependency 
inhibit 
enable (negated inhibit) 
binary-coded address inputs 
(activate dependency) 

The A (activate) dependency indi
cates that enabled outputs are activated 

OR 1-LINE-T0-8-LINE DEMULTIPLEXER 
OUTPUTS 

INPUTS OUTPUTS 

STROBE 
1Y1 1Y2 1Y3 SELECT 

OR DATA 
(01 ; (1) (2) (3) (4) (51 (61 (7) 

H H H ct B A Gt 2YO 2Y1 2Y2 2Y3 ivo 1Y1 1Y2 1Y3 
H H H X X X H H H H H H H H H 

L H H L L L L L H H H H H H H 

H L H L L H L H L H H H H H H 

H H L L H L L H H L H H H H H 

H H H L H H L H H H L H H H H 

H L L L H H H H L H H H 

OUTPUTS H L H L H H H H H L H H 

H H L L H H H H H H L H 

2Y1 2Y2 2Y3 H H H L H H H H H H H L 

H 

H 

L 

H 

H 

H 

tc =inputs 1C and 2C connected together 
H H 

H H 
+G = inputs 1 G and 2G connected together 

H H H = high level, L =low level, X = irrelevant 

L H 

H L 

H H 

when a ddressed. Ther inhibit depend
ency de-activates all outputs from that 
part of the symbol. The outputs are all 
negated, meaning that they stand at the 
logic-0 state when activated and the 
logic 1 state when de-activated. 

Figure 4 shows the i.e. connected as a 
3-to-8-line encoder with positive logic in 
force. The BIN !OCT block is optional, 
the function being self evident from the 
symbol. 

In Fig. 5 is the symbol when the i.e. is 
used as a 1-to-8-line demultiplexer in 
positive logic. Here the addressing input 
gates data onto the addressed output. 
The G dependency is therefore appli
cable. The outputs are shown negated 
since they are high (logic-1 state) when 
not addressed. 

The negative-logic dual of the i.e., 
when used as a 1-to-8-line demulti
plexer, is shown in Fig. 6. Note that the 
labels on the outputs are changed be
cause 'all high' on the addressing input 
pins now represents octal zero. The 

(Vee) 16 

(2G) (2YO) 

( 2C) (2Y1) 

(2Y2) 

(A) (2Y3) 

( 8) (1YO) 

(1Y1) 

(1C) (1Y 2) 

(1G) (1Y 3) 

(GND) 

Fig. 3. Dual2-to-4decoder. Much of the 
maker's data, needing package 
diagrams and function table, can be 
incorporated into this form of notation. 

negative-logic form is the simplest form 
of the symbol, and illustrates the point 
that most logic systems are more con
veniently represented in terms of 
negative logic than positive logic. 

Part of an array of eight 1 K X 1 bit 
r.a.ms is shown in Fig . 7. The informa
tion in one symbol need not be repeated 
in the others, saving drawing time and 
space. The precise operation of the 
circuit is readily discernible from this 
diagram, whereas prolonged study of 
the data sheet was necessary to find out 
precisely how it works - an exercise 
which illustrates the importance of 
publishing such symbols for all origina
tors of diagrams to copy. 

Timing diagrams 
Precise signal flow through digital 
circuits, including details of clock pulse 
edges or levels which cause certain 
actions, can be presented by means of 
timing diagrams, as shown by Fig. 8, in 
which the step by step execution of a 

16 

Fig. 4. SN54155 used for 3-to-8 
decoding. 
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program instruction by a mini
computer can be seen. The operation of 
the circuit at each step is described by 
the text blocks at the top of the dia- . 
gram. 

The page is usually divided by vertical 
dotted lines, which represent clock
pulse edges. The circuit and signals 
contained between these lines shows 
the circuit configuration, signal values, 
etc, during that clock pulse. Sequential 
elements that are triggered by the 
clock-pulse edge are represented with 
the line passing through them, the 
clocking signal being positioned on the 
dashed line. The state after the clock 
edge is written to the right. A signal line 
that crosses a clock edge is not affected 
by that edge. 

The same techniques have been used 
to draw the block diagram of the com
puter's control and display panel, 
showing the computer as a single block, 
and illustrating the sequence of opera
tion of that peripheral in a much more 
helpful manner than a plain block dia
gram giving no sequential information. 

The combination of functional svmbols 
with timing diagrams f~rms a p~werful 
technique, which can even be used for 
documenting the clock-pulse by clock
pulse operation of minicomputer or 
microprocessor based systems, the in
terpretation of these diagrams being 
easily learned. However, the originators 
of such drawings must be trained in the 
techniques. 

There is a real danger that the revised 
IEC standard system of functional logic 
symbols for digital computing elements 
will become even more complex than 
the existing standard. It is vital that 
rules that are difficult to understand are 
simplified or replaced, rather than ex
panded, but for political reasons it is · 
easier to add new rules than to amend or 
simplify existing rules. 

Argument about the shape of AND/ 
OR/INVERT gates is unimportant 
compared with the vital issue of pro
ducing intelligible blocks for digital 
computing elements, for which purpose 
rectangular gates seem preferable as in 
Fig. 7, and have advantages for com
puter graphics. While recognising slight 
advantages of shaped gates .in some 
circumstances, it must be accepted that 
they are a lost cause as far as the IEC 
standard is concerned. 

There is a real danger that the new 
IEC standard for logic symbols will 
continue to express simple concepts in a 
complex and long-winded manner, 
similar to the current standards. 

It is essential that experienced users 
of digital circuit diagrams, all of whom 
will sooner or later be affected by the 
new standard, interest themselves in 
and contribute constructively to the 

· development and simplification, if 

16 

Fig. 5. Example of 54155 used as 1-to-8 
multiplexer. 

Fig. 6.Multiplexing 1 to 8, using 
negative logic. . 

4 

5 
2 

6 
3 

7 4 a,GM 
1777< 

10 or 
5Q•3FF 

11 
16 

6 

12 
7 

13 
8 

14 

Control signals. 

Ax= 
·x 
Cx= 
x 
Gx= 

activate dependency affecting 

clocking dependency affecting 

gating dependency affecting x 

Identifiers. xis replaced by numbers of 
lower case letters to represent normal 
dependency. The following identifiers· 
have defined meanings. 

M = Memory location 
r = Read dependency 
w = Write dependency 

AND relationship between 
identifiers 

+ = increment counter by 1 

Symbols. 

xD = data input of D bistable or data 
latch affected by x 

Q = data output of sequential ele
ment 

& = AND dependency 

Fig. 7. Part of array of 1M6518 r.a.ms. 
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CK 3 1 CK4 
END OF I START OF 

CK5 
EXECUTION OF 

WIRELESS WORLD. APRIL 1979 

HOUSEKEEPING! PROGRAM INSTRUCTION 
MICRO ROUTINE MICRO ROUTINE 

PAGE REGISTER UPDATE 
FROM INSTRUCTION REGISTER 

.(FIG m) --~---(FIG m) 

11 

LOAD CR 
WITH 

PROGRAM 
INSTR+ LUT 

I 
I 
I 
I 

COMPUTER I 

(LOOK-UP 
TABLE) 

MICRO 
PROGRAM 

ROMs 

LOAD CR 
WITH SA 

CONTROL CARD I . 

11 

MICRO 
PROGRAM 

ROMs 

---,-- -- -- ---1:\r- - -- -I 
------------------ - --- - ---

GENERAL 
REGISTER 

AU-STORES ARD I 
- - --;---- - -- - -----f---- -

INCREMENT 
CR 

I 
I 
I 

(SA) (SA+1) 

CONTROL 
REGISTER 

I 

I 
I 

Fig. 8. The method suggested in the article to show the execution of an instruction by a minicomputer. 

necessary, of the new standard within 
the existing framework, as soon as-its 
draft becomes av;ailable for public 
comment. 
- -!tis-~eco~~ended thai· ~ team with 
experience of modern digital techni
ques, documentation and programmed 
learning be formed to dntw up and 
publish the standard symbols for avail
able logic elements; to validate, amend 
and where possible simplify the rules 

The author 

Giles Whittaker was educated at Cran
brook School in Kent and shortly after 
leaving school took a commission in 
the Royal Signals, in which he served 
for three years . After his army service, 
he went to Aberdeen University, where 
he took an honours degree in electrical 
engineering and went immediately to 
Ferranti, in Edinburgh to join a team of 
technical writers. Mr Whittaker is now 
project leader of the team, and is cur
rently concerned with avionics equip
ment using microprocessors . 

and definitions so that they are no more 
complex than necessary to describe the 
available i.cs; and to devise a course of 
programmed learning for use in in
dustry, further education and the Ser
vices. 

Notes 
This article expresses the opinions of 
the author only and does not necessar
ily represent the policy of the BS Logic 

Symbols sub-committee to which he 
was appointed after it was written. · 
Some symbols used in this article are 
additional to BS3939, where this has 
been found necessary for the sake of 
accuracy and clarity. While they are not 
necessarily identical to the symbols that 
will be incorporated in the forthcoming 
draft of the IEC standard, they illustrate 
the lines along which it mus~ develop in 
order to document existing i.cs. 

References 

1. IEC, 1975, Graphical> symbols for 
binary logic elements, IEC Publica
tion 117-15. 

2. BSI , 1977, Graphical symbols for 
binary logic elements, BS3939, Sec
tion 21, Issue 2. 

3. Whittaker, G.M. , 1978, Functional 
Logic Symbols, Ferranti Ltd., Edin
burgh, Report No. EIS 840: 

4. TI, 1975, TTL Data Book for design 
engineers, first edition, Texas In
struments. 

5. Panavia, 1977, SP-P-0004/ A Section 
6, Graphics Symbols and reference 
designators, Part 4, Electronic Sym
bols, Nato unclassified. D 

WIRELESS WORLD . APRIL 1979 
95 

NEWPRODUGS 
Professional readers are invited to enter codes on the reply-paid card bound in at pages 11213 

Frequency-response 
recorder 
A measurement "tool" designed 
to analyse the performance of 
audio equipment, which can pro
vide plots of frequency response 
on either log or linear scales, has 
recently been produced by Mar
tron Ltd . This frequency
response recorder consists of an 
audio sweep oscillator and pen 
recorde-r, which is linked to a 
three-way meter, indicating 
frequency, sweep oscillator out
put and a.c. input. The LFR-5600 
also has display oscilloscope out
puts, and automatic start circui
try is included for use with tape 
recorders. A built-in recorder 
plots d.c. levels, enabling wow 
and flutter, drift, and other cha
racteristics to be recorded. Mar
tron Ltd, 20 Park Street, Princes 
Risborough, Bucks. 
WW301 

Wow and flutter 
meter 
A feature of the Bang & Olufsen 
wow and flutter meter WM1 is a 
built-in frequency analyser for 
wow . and flutter spectra, covering 
~Hz to 31~Hz in five ranges. The 
mstrument has two pointer indi
cators, one for drift measurement 
from ± 0.316·% to ::t 10%; and one 
for wow/flutter from ±0.03% to 
± 3.16%. It has separate filfers for 
wow and flutter measurements. 
and the f.s.d. of 0.03% in the most 
sensitive position makes it suit
able for work on professional 
audio equipment. It offers sigma 
and quasi peak measurements 
based on 5s or 30s periods in 
addition to normal peak periods. 
Input voltage is 3mV to IOmV 
and there is automatic indication 
of too low input. Analogue out
put (to c.r.o. etc) is 1 V. Optional 
extras are t.t.l.-compatible 
remote control and a crystal 
controlled reference oscillator. 
Bang & Olufsen Nederland 
Koninginneweg 54, 1241 Korten~ 
hoef, Netherlands. 
WW302 

Pocket 
radiotelephone 
Cleartone Electronics have just 
announced their latest handport
able unit, the Ranger CH800 , 
which operates in the 148-174 
MHzband with either2 or4 watts 
output. Cleartone say the equip-

WW303 

ment is "pocket-sized" (which 
presumably depends on the size 
of your pocket) , the precise 
measurements being 15Imm x 
45mm X 62mm. In addition to its 
availability in 4 or 6 channel ver
sions, it is housed in a rugged 
Lexan outer case for protection 
in harsh environments, and will 

opera te for up to eight hours 
from its re -chargeable ni-cad 
batteries. Servicing is apparently 
easy, with all circuits on one side 
of a p.c. boardl and access to 
several test pomts permits un
precedented ease in circuit 
trouble-shooting. Tone options 
and accessories are also avail
able, and Cleartone point out that 
sales and service is available · 
nationwide. List price is £325: 
Marketing Dept, Cleartone Elec
tronics Ltd, Abercam, Gwent, 
South Wales. 
WW303 

Automatic 
component bridge 
Using a microprocessor as the 
central calculator, Wayne Kerr's 
B605 Automatic Component 
Bridge, which permits the user to 
"plug in and read," is a further 
development of some of the 
company's earlier measuring . 
packages, such as the B424 Com
ponent Meter. The intention, 

according to the manufacturer, 
has been to extend typical facil
ities to achieve a high level of 
accuracy while maintaining sim
plicity of operation. The tradition
al -transformer/ratio-arm solu= 
tion to the bridge problem has 
?iven ~ay here to a technique 
mvolvmg an extension of the 
analogue bridge method. The 
phase-comparison of two signais 
results in numerical material 
which feeds a bridge circuit and a 
d.v .m. Tile signals are syn
thesized by a 32MHz crystal
controlled clock and a divide-by-
16 counter, the microprocessor 
carrying out the final arithmetic. 
A common measuring chain is · 
used to check the voltage across 
.the "unkown" component and an 
in~ernal "standard" component, 
With a guard amplifier ensuring 
that the parallel voltages are 
proportional to the magnitude of 
the unknown impedance. The 
clock generates 100Hz, 1kHz or 
10kHz signals as selected by the 
operator:s front panel settings,· 
and the signal level is adjusted by 

· attenuator to suit the integrator's 
dynamic range, before being · 
passed to the phase-sensitive de
tector. The 20 bit resolution of 
the d.v.m. helps to avoid trunca
tion error problems during the 
microprocessor's solution of the 
transformation equations, and 
the numbers are stored in r.a.m. 
until all measurements are made 

'and the calculations effected. 
Briefly, the process can be sum
marized as a situation where 
Fourier analysis of each signal 
using a separately derived phase 
reference permits measurement 
of in-phase and quadrature com
ponents of the signals, the fifth 
offset correction then being 
made and the terms being en
umerated in the dual-slope inte
grating d.v.m. Display is 
thereafter automatic, given that 
the correct numerical range has 
been selected. Resolution is' 
claimed to be an '"impressive" 
O.OOOlpF on the C range, and 
accuracy 0.1% guaranteed across 
~he whole (I ohm to 1 Megohm) 
Impedance range. Power supplies 
can be either mains or battery, 
and the display is liquid crystal 
rather than l.e.d. in view of the 
battery option. Price is in the 
range £1,000 to £1,200. Wayne 
Kerr, Wilmot Breedon Elec
tronics Ltd, Durban Road, Bog
nor Regis, West Sussex P022 
9RL. 
Ww304 
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Temperature 
controller chip 
Featuring an on-chip power
failure detector, the new General 
Instruments A Y -3-1270 provides 
control facilities for home 
heating, cooling, and air con
ditioning systems. The controller 
is designed for digital ther
mometer applications and, in ad-

. dition to accepting inputs direct 
from a thermistor temperature 
sensor, it will drive the display 
devices without the need for in
terface circuitry, according to the 
manufacturer. In the event of 
power being removed for longer 
than a specified time, or when 

temperatures vary outside nor
mal levels, warning is provided 
by flashing the display on and off . 
until manually re-set. Tempera
ture sensing error is ±I oc and 
hysteresis can be set to 0, 0.2, 0.4, 
0.8, 2, 4 or 8°C. Power reguire
ments are claimed to be non
critical, 9V at 40mA being all that 
is required, and typical applica
tions are air conditioning sys
tems, automobile engine temper
ature measurement, and heater 
control in addition to boiler and 
freezer control. The package is a 
40 pin dual-in-line type, suitable 
for use in ambient temperatures 
·from -25°C to +'10 6 C. General 
Instrument Microelectronics Ltd, 
Regency House, 1-4 Warwick 
Street, London WIR 5WB. 
WW305 

Intelligent primary 
multiplex analyser 
A compact , easy to use 
microprocessor-based instru
ment intended for automated 
voice channel measurements has 
been developed by . Hewlett 
Packard in their South Queens
ferry, Scotland plant. Increased 
speed in circuit checking of mul
tiplexed telephone equipment is 
one of the claimed advantages of 
the new unit, and the integrated 
system, which represents a new 
concept in automated measure
ment of voice-channel apparatus, 
has taken more than five years to 
develop. Comparable in size with 
a laboratory oscilloscope, the 
analyser can sequence through 
an exhaustive series of tests be
fore calculating and displaying 
the results automatically. As well 
as characterising the analogue
to-analogue performance of 
pulse-code-modulated channel 
banks, separate tests of analogue 
to digital and digital to analogue 

performance can be made, and 
the unit can be used to check out 
frequency-division multiplexed 
terminals and time-division mul
tiplexed switching equipment, 
including single channel p.c.m. 
codecs. Standard CCITT meas
urement masks are stored in 
r :o.m. and facilities are provided 
to allow an operator to store 
alternative masks in non-volatile 
memory. In order to cover world 
requirements, two models are 
being produced. Model HP3779A 
provides voice channel measure
ments to CEPT (Conference of 
European Postal and Telecom
munications administrations) 
recommendations and with a 
digital option will test p.c.m. 
equipment conforming to CCITT 
recommendations G.711 and 
G.732. This represents· 30 voice 
channels in 32 time slots encoded 
using the A-law and time division 
multiplexed into a 2048 k.bit 
digital stream. The B version is 
intended for Bell system users, 
and similarly it may be used to 
test p.c.m. equipment to CCITT 
recommendations G.711 and 
G.733, in other words, 24 voice 
channels in 24 time slots encoded 
using the mu-law and time divi
sion multiplexed into a 1544 k.bit 
digital stream . Measurement 
capability of both versions is 
available on request. Hewlett 
Packard Ltd, King St Lane, 
Winnersh, Wokingham, Berk
shire. 
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Ultra-low distortion 
oscillator 
An ultra-low distortion oscillator · 
intended for critical audio 
laboratory applications, the 
4024A presents typical distortion 

Ww307 
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of less than 0.005% through the 
entire audio range. Tuning error 
is 0.5% with re-settability ofO.l%, 
and the tuning range, selected by 
three "digit" rotary switches, is 
O.OOIHz to 100kHz. The main sine 
wave output is controlled by a 
four-digit attenuator, providing 
lmV resolution and a maximum 
output of IOV r.m.s. Amplitude 
stability is better than ± 0.1% for 
a period not exceeding one hour, 
and in addition to these features, 
the unit provides a quadrature 
sine wave output and square 
pulse output. Amplitude is vari
able to 10V r.m.s. on "quadrature 
si~e wave," while square wave 
and pulse output is variable to 5V 
peak to peak with pulse ·width 
variable from .1p.s to lOOfLS. 
Keithley Instruments Ltd. , 1 
Boulton Road, Reading, Berks . 
RG2 ONL. 
WW307. 

. Remotely controlled 
power supply · 
Control of equipment by remote 
means, mainly using ultrasonics, 
has become an accepted "stunt" 
in the domestic tv field . The 

· technique fulfils an industrial 
function in the remotely control
led power supply from Oltronix 
of Switzerland, who have 
recently announced the intro
duction of their RACPAC DPM. 
The system differs from the con-

. ventional form in that signals are 
at infra-red level and consist of 
hi-phase coded , 6-bit pulse 
sequences, in charge of a digital 
output panel indicating output 
ranges of 0 to 32V and 0 to 60V at 

· claimed power outputs of300, 600 
and 900W. Functions controlled 
are on/ off, pre-set output voltage 
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and current (limit) plus several 
alternative features which can be 
built in to order by the manufac
turer, although we have no in
format ion on just what these 
options might be. The controller 
is hand-held, · battery-operated, 
and has an operational range of 
25 metres; furthermore it seems 
to be the first LJnit of its kind to 
appear, and may well be of inter
est to laboratory and industrial 
users. Final price depends upon 
the range of options selected. UK 
agents: Wessex Electronics Ltd, 
114-116 North Street, Downend, 
Bristol BS16 SSE. 
WW308 

Production optical . 
fibre 
An operationally-proven optical 
fibre for the domestic and in 
dustrial market is available on a 
four-to~six week delivery basis. 
Specified as a six-fibre multi
channel cable for high' 
bandwidth applications , the 
cable is said to save valuable 
installation time, since it can be 
laid and spliced in a fraction of 
the time required for twisted
wire paired cables. The makers, 
the US Valtec Corporation, say it 
can be installed with conventio
nal coaxial cable pulling equip
ment, and each colour-coded 
sub-channel includes a dielectric 
strength member which imparts 
its strength to commercially
available, single-channel connec
tors. The entire cable is protected 
in corrugated aluminium shea
thing to prevent crushing and the 
access of moisture. This cable is 
coded TC-MG -06 and the 
manufacturer claims a signal
carrying capacity equivalent to 
2,1 00-pair copper wire cable, even 
though the fibre-optic cable's 
diameter is only 16.5mm, thereby 
achieving great savings in duct 
and storage space as well as 
transportation costs. Further op
tions include steel sheathing as 
protection against rodents and 
copper conductors for electrical 
transmission. Communications 
Fibreoptics Division, Valtec Cor
poration , West Boylston, Ma. 
01583, USA. 
WW309 
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NORTH STAR* HORIZON 
DOUBLE DENSITY PERFORMANC~E~~~~~~~~~~~-!!!:1 
at SINGLE DENSITY PRICES. • 
*One Double Density M ini Floppy (180K Bytes) 
* 16K Fast RAM 
* Seria l I/O Interface 
*DOS/BASIC 

HRZ- 16W £1330 
* ZBOA Based S 100 Bus Expandable System 

EXIDY SORCERER 

Carbon film resist-
ors. High stability , 
Low noise 5%. 

E12 series. 4.7ohms to 10M. Al1y mix : 
each 100+ 1000+ 

0.25W lp 0.9p . 0.8p 
O.SW 1.5p 1.2p 1p 
Special development packs consisting of 
10 of each value from 4. 7ohms to 1 Meg-
ohm (650 res .) O.SW £7.50. 0.25W £5.70. 

METAL FILM RESISTORS 
A range of high precision, very high 
stability, low noise resistors. Rated at Y.W. 
1% tolerance. Available from 51 ohms to 
330K in E24 series. Any mix : 

each 100+ 1000+ 
Y.W 1% 4p 3.5p 3.2p 

Special development pack consisting of 
10 of every value from 51 ohms to 330K 
in E24 series. Any mi x: 
(a total of 930 resistors) £23.75 

*Plug in ROM Cartri dges * SlOO Expansion Unit 
* Cassett~ Interface 
* User definable 

graphics 

NEWBEAR COMPUTING STORE 

Head Office: Bone Lane, Newbury, Berkshire. 
Telephone Newbury (0635) 49223 

* ZBO C.P.U. 

Northern Office: 2A Gatley Road, Cheadle. Tel 061-491-2290 

ZTX109 14p LS73 29p LS156 SOp 
ZTX300 16p LS74 29p LS157 45p 
2N697 12p LS75 44p LS164 90p 
3N1302 38p LSOO 16p LS76 35p LS174 60p 

AC127 17p BCY71 14p 2N2905 22p LSOl 16p . LS7S 35p LS175 60p 
AC12S 16p 8CY72 14p 2N2907 22p LS02 16p LSS3 60p LS190 SOp 
AC176 1Sp 80131 35p 2N3053 1Sp LS03 16p LSS5 70p LS192 70p 
A0161 3Sp 80132 35p 2N3055 50p LS04 16p LS86 33p LS193 70p 
A01S2 38p 80135 3Sp 2N3442 135p LSOS 16p LS90 45p LS196 SOp 
BC107 8p 80139 35p 2N3702 8p LS10 16p LS93 45p LS251 60p 
8C108 8p 80140 35p 2N3704 8p LS13 30p LS95 65p LS257 55p 
BC109 Bp BF2448 36p 2N3705 9p LS14 70p LS123 56p LS258 55p 

LS20 . 16p LS125 40p LS266 40p BC147 7p BFY50 15p 2N3706 9p 
BC148 7p BFY51 15p 2N3707 9p LS30 16p LS126 40p LS283 60p 

LS32 24p LS132 60p LS290 55p Red BC149 Bp BFY52 15p 2N370S 8p 
Green BC158 9p MJ2955 9Sp 2N3819 22p LS37 26p LS136 36p . LS365 45p 
Yellow BC177 14p MPSA06 20p 2N3904 Sp LS40 22p LS138 54p ,LS366 45p 
Cl ips BC178 14p MPSA56 20p 2N3905 8p LS42 53p LS139 50p LS367 45p 
DISPLAYS 8C179 14p TIP29C 60p 2N3906 Sp LS47 70p LS151 SOp · LS368 45p 

BC1S2 10p TIP30C 70p 2N4058 12p LS4S 4S!p LS153 50p LS386 35p 
BC1S2L 10p TIP31C 65p 2N5457 32p LS54 16p LS155 SOp LS670 180p 
BC184 lOp TIP32C SOp 2N5458 30p 

7454 14p 74132 50p 8C184L 10p ZT X107 14p 2N5459 32p 
7473 25p 74141 56p BC212 10p ZTX10S 14p 2N5777 50p 
7474 25p 74148 90p BC212L lOp 

DIODES 7475 ·32p 74150 70p BC214 10p 
7400 12p 7476 28p 74151 50p BC214L lOp 1N914 4p 1N4148 3p 
740·1 12p 7485 70p 74156 52p BC477 19p 1N4001 4p 1 N"5401 13p 

8C478 19p 1N4002 4p 1N5402 15p 7402 12p 7489 145p 74157 52p 
BC479 19p 1N4004 5p 1N5404 16p 7404 12p 7490 32p 741S4 70p 

BC548 l Op 1N4006 6p 1N5406 18p 7408 14p 7492 35p 741S5 70p 
7410 12p 7493 34p 741.70 125p BCY70 14p BZY88series 2V7 to 33V Bp ea. 
7413 25p 7494 52p 74174 6Sp 

LM301AN 28p NE555 25p 7414 48p 7495 52p 74177 58p 
7420 12p 7496 50p 74190 72p LM318N 125p NE556 60p 
7427 24p 74121 25p 74191 72p LM324 50p NE565 120p 

LM339 50p NE567 170p 7430 12p 74122 33p 74192 64p 

LM3BO 75p SN76003 200p 7442 43p .74123 40p 74193 64p 

LM382 120p SN7S013 140p 7447 55p 74125 35p 7419S 55p 

LM1830 150p SN76023 140p 744S 58p . 74126 35p 74197 55p 

LM3900 50p SN76033 200p 
4018 65p 4050 28p LM3909 SOp TBA800 70p 
4023 15p .4066 40p MC1496 SOp TOA1022 650p 
4024 45p 4068 20p MC1458 35p ZN414 75p 
4026 95p 4069 16p. 
4027 35p 4071 16p 
4028 52p 4075 16p 
4029 60p 4093 48p 
4040 68p 4510 70p 
4042 54p 4511 70p 
4046 lOOp 4518 7Qp 

4017 55p 4049 28p 4520 65p 

FULL DETAILS IN CAT OGUE! 
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Company news changes fast in the electronics 
industry-but it can't outpace Electronics Weekly. 
Mergers, new projects, major policy changes, the 
battles for markets ... the whole electronics business 
scene is covered week by week; and interviews with 
leading industrialists provide insights into the way 
the top companies are developing their business. 

You couldn't have a more valuable briefing on the 
company situation- but its value obviously 
depreciates if you receive Electronics Weekly late, 
a~d are the last to know about developments that may 
vlta~ly affect your business and your customers. 

For only lOp a week you could see Electronics 
Weekly ahead of everyone. Fill in and post this . 
coupon- .. and news about your industry will always 
be new! 

r---~--------------, I To: Subscnptwn Department, IPC Busmess Press Ltd., 
Oakfield House, Perrymount Road, Haywards Heath, Sussex. I 

I Please send me Electronics Weekly for a year. I enclose cheque/p.o.l 1 for UK £6 (inclusive of p. & p .) Overseas $15.60, payable to I 
I IPC Business Press Ltd. I 

I Name I 
I I 1 Address I 
I I 
I I 
I . · I 
L••••••••••••••••••~ 
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Largest range of quality components in the U.K. -over 8,000 types stocked 

Head Office and Mail Order to Dept. ELK 
A. Marshall {London) Ltd. 
Kingsgate House, Kingsgate Place 
London NW& 4TK. Tel: 01-624 0805 
Telex 21442 

Retail Sales: London: 40-42 Cricklewcod Broadway, NW2 3E"T Tel: 01-452 0161/2. Also 325 Ed~ware Road. W2. Tel : 01-723 4242 
Glasgow: 85 West Regent Street, G2 2QD Tel: 041-332 4133 And Bristol: 1 Straits Parade, Fishponds Road, 8516 2LX . Tel: 0272 654201 _ TRANSISTORS New Low PRICE -~n TRIACS 

RS See catalogue for full range 1 )j powER TRIAcsATUN8EATA8LE PRicEs U 11 O\STR\BU1'0 211524 .&a Z112t!li .49 :~~154 .• AD143 1.45 ' PET 2001-8 Computer 1_ 
TIC 205D 400v 4A £0 .60 soLE .I'• NS 0 ' l 211553 1.5U Z112l95A .49 :11159 1.35 AD149 2.15 ' £594.00 VAT inclusive /-+:m~g 1gg~ ~~ ~~:~g FOR s,EME · · · :1~ :~ ~~1~ :: =~ i: ~1~ t: , __ ·L 

TIC236D 400v 12A £1 oo ~ TCLI£5 211638 .70 Z112211A .31 :112111 1.35 All162 100 Tllllllll•l'l""ulca"'lllorll~asllioollla•srecueloiY 
TIC246D 400v 16A £1.:21 sVV\ n 211111 .30 21Z219 .38 40050 1.70 !fill& •60 licnfriC-r (olaaan i11KIMI••d locldnlalorotiMe•ory Ill 
TIC253D 400v 20A £1:87 

21111119 .30 21Z219A .39 ~81 1.20 Af109 :12 MES (I BMIIIIMinl wit) pou*ility_lo IIJIII. -•ry II 3Zl 

TIC263D 400v 25A [2.20 · 
21111!10 .311 2122211 .39 18232 .60 11f114 .70 MESillltloc.-oiii. IIIIUprertolasllllrllctiiCIItUIIIIrfleppy The new dual-in-line 2118!13 .38 212221 .25 411233 .70 Afl15 .70 •oac 11111 prooler. ™!!ISTORS O.SA 
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v £0.
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0 5A 200v £0 45 
,.. , '"' '-I all .-m wt• Jllf IJ'IIII Ill jill II ftiiiiUII kil. 

See catalogueforfuil range . · Voltage rating ~ / /\ =:: :: :1:~ :~ ~::~ll :: ~l\~ :: Sllrlill willlllllll I 11 £107.95 VAT toclulivl "'" 111 h••ldlltl 
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Over 8,1100 lina items stocked. 4 branches - Current rating ' · , ZIIZ194 .42 311152 1.10 AD136 2.75 at1Z2 .61 ~~~::ri:S~~~~~!~~::':!;.upto 151l. 
nationwide. As olticlal distributors tor: NATIO- 0.5A rrl ~liMA .45 31153 1.19 ~142 1.45 BCIZ3 .65 IQIIII-IIIiCbolrdWitiii\IGWIIIIIriiiUI•IIIed £107.95 ::~.-r::~:x. ~~'t:~:R:~:~::=r.s::~0Et~~: ~;~ ~~~~:f'Pf;~~ '1 8 WAY CONVERT TV SET TO VD U ~:: t :::~:.!~::~ ~·~~~~~~t!u.~::~r:upply. t~~~~ TROLUBE WE HOLD THE BIGGEST STOCK and gold plated . i'2~i~ The new CRT control chip from Thomson CSF TTLSee~gueloriUinonge 
SELECTION IN THE U.K. 

SFF96364 . Convert your TV set into an electronic VDU 
Send for OUr new 1979 catalogue now-5Dp Inc. rm¢> -15 lines x 64 characters- requires RAM character 

74
LSOOM E0 . 26 74LS47M £1.09 

P&P. · SIEMENS generator and little else for a basic VDU . Available as 74LSOIN £0.26 74LS48M £1.00 
NEW chip or lull display card 14LS02K £0.2& 74LS491 £1.09 

•MAILIIIIDER* TURN-SLIDE Full cursor control 5 74LS03M £0.2& • SMl490UE0.3& 
· k · 11 ders ~ 

volts TTL compatible. ~ 74lSo0 £0.29 SI7491UEO.&O ~~~~ .. ·~'::l:r P~P lo ~I "" " ... ; . .. .. Tlil ... ilrlin ol 1111 SWITCHES line erase. full card CHIP £17 20 . . mm: ~=:~: mm: ~::~: ordlll. Tllep~ou ordm on ro11ry swiiU llllfiCilliY ~~~~~e.' Cha~A:;~ Fu~; <t,RD NEW 74LS091 £0.2& 8174941 EO. ~e criiiKclt11. EI0.0011iDI•· :=.~;.~·;~~~~~:.:~; etc. Comp video out ~!tm: ~=:~: ~:m~: :-:-.;: All prices in this •dvertisement inc. v.
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turrell ntlog 0.5V-

74LS1411 EO . 75 S174107M £0.24 
PGRTAa£11i;ITALMULnTUT£RS ~~ fi•• oo•tacla , ... plalld I ~ PCB MOUNTING 74LSI51 to.u SI74118Mto.as 

Clliii'LETEwmtCIIM16ER £2.&5 1) 4l :\ ~) 
74LS20M £0.26 SM74119U1.40 

Mliwunery .,.,. ... c..w. rocuranMo . • ' Price KEYBOARD SWITCHES 74LSZ11 £0.2& SI741ZINU.21 
lcM •amu pllll clllr)llr. IIAAIII OC ' 1 R•• Cllllctagol..,lllt• II RICIL 21 Scrow..-twlr llel 31 Digitast is a remarkable new modular electronic switch 14LSZU £0.21 S1741ZZI £0.55 ~~:~~~~:-~·:.:~.~~~~~~~~v: :. I l-------'-£2.&5 ___ s_wllc_111_11_•_•_•_•t_4J_s_.,_· __ , ~~~\c~~!"!~~~~ f:~n~~u;ti:nd~~~::~~:c::~~k~i~~ mm: ~g~ ~m:m~g: 11: 1M AC 0.1 . 10. 100. 1.101 VIlli. tao DUAL IN LINE PLUGS standard TTL-ICs, eliminates more costly and trou· 74LS28M £0.29 SI7412U £0.45 -' '~ LOW PRICES >~,:o.~·:~~;: .~o:".i!'': :\'",~~"~',0'~;~: ~=..:'.';;'::•;.e~:;::~.~• ~'" : :m::::::l m:::m:::: LM3A £88.56 £76.00 centre spacing. An additional metal latch is provided for 

74LS33M £0.29 SI7414SI £1.35 
(3 digit 1% Ace .) strain relief. 

Standard .SPST SR ""' · 74LS371 £0.32 Sl741501 £0. 91 
NEW Availablein16and24pins. Prica £0.15 ~·-' : 74LS3U £0.32 SM741511£0.7& 

LM3.5A £102.60£90.00 16 pin DIL £1.60 or with LED TYPE SRL 74LS40M £0.2& SI74153M £0.&5 
(3'/' digit 0.5% Ace.) 40 Pin Coming Soon/ . 24 pin DIL £2.00 £1.65 74LS42M £0,80 SM74154M£1.20 

Sl741551 £0.70 
SM741571E0.71 
SM74160AME0.90 
SH74161AN 01.90 
SN74162AI£0.90 
SM74163AUO.t0 
SN741641 ED.91 
SI74SOOME0.77 
Zl 748031£0.77 
U74S041£0.94 
SM74S101£0.77 
SI72S201 £0.77 
SI74S401£0.77 
Sl 748641£0.77 
SI74S651£0.77 
SM74S1121 £1.70 
SM74SIUI £1.70 
SI74S1401 £0.77 
SM74S 157M £2.95 
SM74S18U £2.70 
SM74S1191 £1.11 
SM74SZOOM £3.50 
SI74S201ME3.71 
SH74S2621 £12.50 
SM74SZ871 £2.95 
SM14S288M£2. 71 
SI74St89M £1.11 

~·································································································································~ 
: TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide RADIO TELETYPE TERMINAL SET SG lA 115 volts a. c. £17.50, carriage £3.00 . : :switch . . 9 x .4cm ins. with crystal CV.2355 and spark gap VX .l046. £16 .. 20 + £1;.0? TELEGRAPH DISTORTION TEST SET (TYPES 5CBV and 5BV) 230v. a.c.: : T_RANSISTORISED VIDEO INDICATOR (used w1th above amphf1er): 1/2 £25.00, carriage £3.00. 1 

: 

• C.R.T. £10.80 + £1.00 post. 

• 

:INSULATION TEST SET 0 to 10 KY. negative earth , with Ionisation Amplifier, RESONATOR PERFORMANCE CT.424 8.5 to 9.0 kmc / s 3 em. £75.00, post £2.00.: : 100/ 230 Volts. AC £45.90, carr. £3 .00. INVERTER 24 volts d.c. input 400 cycles I pH 6600 r.p.m . 200 volts peak . £7.50,: : RACAL RA-17 RECEIVER 500KHz-30mHz, s/hand, good condition, £365.00 £1.50 post. 
: .._ (including VAT 12112%). 

. • 

:AVO TRANSISTOR ANALYSER CT.446: £37.80, carr. £2.20. OXYGEN BOTILE 
1

SOOlb. w.p. £
1
0.00, carnage £3.00. : 

:MARCONI FREQUENCY METER 1026/4: 2000-4000mHz 'as new' condition. NOISE SOURCE UNIT with CV.l881 noise so1,1rce mount. Produces thermal: : £32.40 or secondhand condition £24.30. noise 15.5dB 200/250 a.c. £75.00. : 1026/2: 100-160mHz £32.40 'as new' or s/hand £24.30. Carriage for all type £2.00. LOW SPEED TAPE COMPARATOR (Datronic) %"tape, £45.00,£5 carr. : :TELEPRINTER TYPE 7B: Pageprinter 24v. d .c . power supply, speed 50 bauds per ADDO 1" TAPE REPRODUCER: £65.00, carriage £5.00 . : 
:min. S / hand cond. (excellent), no parts broken t;21.60, carriage £3 .50. MUIRHEAD D514 T.M.S.: 12v. d.c. or 100-250v . a.c . volts input. Range: :AUTO TRANSFORMER: 230v. 50c/s, 1000 watts. Mounted in strong steel case 100-40,000Hz. £15.00, carriage £4.00. • 
: 5" x 6'12' x 7". Bitumen impregnated. £12.96, carr. £2.00. AUTOTUTOR MARK II: (Viewer Training Aid) 230v. a .c. Designed for use in: 
:CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq . range intrinsic programming method, info stored on microfilm and projected through: : 3,000-10.000kHz. Mains 230v 50hz. Measures crystal current under oscillatory optical system onto viewing screen. £120.00. · : 
• conditions and the equivalent resistance. Crystal freq. can be tested in AVOVALVETESTER&CHARACTERISTICMETER:£75.00,carr.£5.00. • : conjunction with a freq. meter. £27.00, carr. £2.00. 

: 
: BC-221 FREQUENCY METER: 125-20,000kc/s complete with original calibra- RANK FLUTTER METER TYPE 

1740
:£

65
-00, carr. £

4
·
00

· : 
: tion charts . £22.50 carr. £3.00. 

MICROMETER CONDENSER TYPE C.689: 0-8.5uuF precision variable: :ANTENNA MAST 36ft: Aluminium base dia. 3" tapering to 2" at top . Complete condenser, £3
5

·
00

• post £2 .00. : 
: red hazard lights, stays, guys, etc. Approx. wt. 3 tons. £105. Carr. £10.00. HS33 HEADSET. Low Imp. £5.00 pair + 75p Post. • -
:ADVANCE PLUG-IN UNIT. Sweep delay time base . TG 10287 £75.00 + £2.00 MARCONI UNIVERSAL BRIDGE. Type TF868 £85.00 Carr. £4.00. : 
:Post. 

MUIRHEAD DECADE OSCILLATOR TYPE 890D: £85.00, carr. £5 .00 . :TELONI~_ PLUG-IN UNIT. Type L7 £45.00 + £2 .00 Post. :FIELD FLUID SAMPLING SET TYPE TP/SKP/10,000 with thermal control • milliporer oil sampling kit. £125.00. Carriage £4.00. :RING TOROIDAL DUST CORES: Size 2112" outside , 1 %"inside~ 5116" thick. Box 
: of two £l.l0 + 30p post. :ROTARY INVERTERS TYPE PE-218E: Input 24-28v. d.c. 80 amps, 4,800rpm . • Output 115v. a.c. 13 amp 400c/s. 1Ph. P.F.9 £21.60 + £3.00 carr. : R.F. POWER RADIATION METER CT.477. Covering X, Sand L bands. £125.00. 
: Carriage £4.00. 

r---------------------------------------------------------------- : BARGAIN MAPS -Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 
. including:-ONC-E1- U.K. in full and part N.W . Europe. Scale 1:1,000,000. .JNC-9N- N. Europe, U.K., Scandinavia. Scale 1:2,000,000. JN-21N -Europe (Mediterranean). Scale 1:2.000,000. SIZE: 58" x 42" . colour. Many others . Please send S.A.E. for list. 

Price each 70p (inc . p + p) 
25 x Maps (either same type OR assqrted) £10.00 + £1.00 p + p. 10 x Maps (either same type dR assorted) £6.00 (inc. p + p). 

----------------:RECTIFIER UNIT: 200-250v. a.c. input, 24v. d.c. at 26 amps output continuous : rating. £37.80, carr. £5.00. . :MARCONI SIGNAL GENERATOR 801/DS: l0-480mHz. £318.60. 
• 

• 
Above prices include VAT at 8% (except where slated) • 

- .W. MILLS 
fhe Maltings, Station Road To avoid disappointment please telephone to arrange E SAWBRIDGEWORTH, Herts. appointment if wishing to view equipment : 

: ~;:;.z:,>;;.fZ,NVERTERo 24 ' 0 '" d.o. '"P"L 230 ' 01"· 100 w"" 0 " 1P"L m.54l, Carriage quotes given are lor 50-mile radius ot Herts. : :~· ------------------------------------------------------------------------------------------------------------------------------------: -
Tel: Bishop's Stortford (0279) 725872 : ·····················································••illlllllllllllllllllllllllllllllllll.lllllllllllllllllllllllllllillllllllll~ 
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WIRELESS WORLD. APRIL 1979 

Containing a range of tint quality minia
ture ceramic capacitors. 
.' 61 60 :' J · 3 ol each value - 2 2 pf .>7pt .ll pl J 9pt ~7 pl o8pl 8/ pt 60p' 
1 616' - : 'J 3 of narh vil lue - - 1 OOpf 1 :O Opl t SOp! 18 0 pf 2/0 pl 2 70pf 
330pl ' 390 pl 60p' 
1 h 16 . - _J,J J Of f~rl('h V;l iUfl - · 4 ]Qf'lf 
ShO p! tiRO pi 8 :'0 pl t OOOpl 1 oOOpl 
.':'OO pf ''00pf 3300pl 60p' 
,. 6 1 n 3 :; 1 3 o f l !ach value - 4 700p f 
h800pf 0 1 t: f 0 15uf OL: 1 uf 03 3uf 
0~ 7•>1 ' 60p' 

ELECTROLYTIC 
PAKS 

A ra~ge of paka each containing 18 first 
quahty, m1xed value miniature elec
trolytics. 
lfl :'O' vili1 1PS frnm47 mF D- lOm FD 

'6 ·o;> volue, f< om 10mFD 10 Qm
6
F
0d'' 

'5 .'!1.1 v;•lt or>SI <om 1 00111FD . 6 8 0~orc; 
60p' 

Type 

ACl :1 1• 

AC1 :'t 
AC1.'H 
AC 1~ 8 K 
AC.., ~ .' 

..\ C1 :~.1 

ACt3 ' 
. \(1.11 

ACt41 K 
A('t.\2 
AC176 
ACt.76 K 
AC178 
ACt79 
ACt Xfl 
AC18QK 
AC1:' t 
A(181 K 
AC'H7 
ACI8/K 
AC1R H 
AC188K 
AOt -10 t---------------1 :g:~·; 

CARBON·RESISTOR 
PAKS 

The~e paks contain a range of Carbon 
Reaustora assorted into the following 
groups. 

t h :' 1 3 -· 60 n,1ded ; , w 1 ()()oh m s 
8:'0 ohms 

1 fi ]' ·I 6 0 m1 xec1 w 1 K ohm.;, 
60p' 

8 :> K ohms 60p' 
1(1;'15 60nm:~d w10 K nhms 

8:? K ohms &op· 
1 fL ' ' b 6 0 nt1xec1 '. w 1 OO K ohms 

R:'OK ohrns 60p' 
1fi:' ' l .lO m 1XPd . w 100 ohrns 

8:10 ohn's &op· 
, fi . 1 e - 4 () nli KNI . w 1 K ohm-; · -

H .1 K oh ms 60p' 
16.' 1 9 -10 n11xed ·. w 1 OK nhms . 

fP K ohn,s 60p" 
1 fl . .'f1 ·1fl nm.cd ' . w 1 OO K o hm s 

8:>0K ohm..., 
l1· .1 30 ()() m 1xPd w · 1 Mt•q 

10 M " g ohms · 
1h.13 1 -4 llm,xed ' . w1Mcq -

10 M eq uh111s 

COMPONEN'r 
PAKS 

60p' 

60p' 

60p' 

1 1; 1 ' .. ; ?00 R c:~ • SI• " mr x.-d v;tltu' ,1p JHO> 

\~~ ~ ~ ~ ~\ry Wt ;lv,j; )1) (ilp <!CI{ O f <; lll! XP d V~l~l~·. 
·;l;r1r~~j 1 (.O l U~~typ ~!~; ~';l l\\'1 1 r f' '-1 "II trs M~?~~ 
~\'~ \~~·s; w rQSt<;tm~ f'ltl xnci v i'! lues BO&Op 

• ti , tlX ~> pu•n•s <J ssnrt Pd f f' fl •W rod s 60p" 

1 f," •I · .' Tun •n<J (Ftngs MIA LW VH~Op' 
t , ; '70 P<1ck w1<r 50 m e11rs • '5"~'~'~ ; 
\~~~ l~~~ .~ n~J~ ~~;;;'!wr t clws s

6
o
0: 

1 6 1 J 7 3 M 1cro swttr:h t>.., 60p" 
~ ~ 1 7 3 1 5 Asw n ed pots &Op" 

.161 /4 - ~>Meta l J<'I Ck sor.kr.t:; 3 :>< :-1 5 mm 

. ' • stCl ndnrd sw1tch types 60p' 
1 6 1 7~1 · .10 P C! I)P. I conden ser "> m1xccl 

viliues GOp" 
1 f i 1 76- . 1{1 EltY!ro ly t H·s 1rnns types 60p" 1 h 1 7 7 1 Pac k .<lS S< •rt••d h <Hdwa r r> -· 
Nut<; ho lt... w om P.t<.; f! tC • 60p 
16 1 lH · r) IV' d ill<.; •d1 dc 'iV\'1\1 hes C'l'>sor teci 

1 1' 1 ; <t · 'i.i As ... nn ,.d t, l q stnp s e~nd p<l~~~~· 
·' · :·m · t A"'""'" • owol knobs 6

6
o
0
: 1111 ({ 1 . ~ Aomry W<lv f' chnnuc sw,tdu•..., 

60p' 
1· l R ' :' Aelavs 6 60p" 
11J ~ ,..;] -· 1 P o~k r op p•·r ;1pprox 

·,· ::~/~:·c11 11 H ~ 1 ~:\.,~ort f'd lu ... PS 1 OOmA !1 ;~~~~ 
'fi 1 fl 1l 5!) rnf' t ri 'S PVC sl ePv ~r :~J , p;,<; n~t~~ 

..,1l •' .tnd t o lou rs 60p 

METAL FOIL 
CAPACITOR PAK 

SLIDER PAKS 
() Sll( lf'r p cn e ntiiHlll't l'l'i 

\ <i ! t ri ·•, 

b Slrdf•r pnten tr ometN <.; 
.Ill .I f () ohrll 

1 (i 1 q ·· G Shdl'r p o t cn tHHl ' l!ll ''" . 
t tl! 1Q k 1rn 

1 (, 1 0 3 G ShdPr pcte n t romP tl'l "-

, {j i1tl:l .:; :'_1(. ~ 1~l1df'r pO lf~l~[IOnlClt : rS 
c~ ! t4 .' K 1111 

'I• ' 0 ~l 6 Shd(lr pntf'O!Ir,metl' r " 
''I ·'l .1K IO{l 

60p' 

60p' 

60p' 

60p' 

60p' 

A0 149 
AD 16 t 
AD t 62 
AOlfP 
1 f):'l\f\P 
:. FJl .l 
·'.F I I 5 
AF1t 6 
.\FI!' 
AF 1 13 
AF1 ) .1 
AFI :1 5 
,),f1 :> 6 
AF12 ' 
AF13D 
A FIHO 
A F 1 81 
A F IAfi 
AF:' .l9 
AL 1{1. ' 
AL10 .l 
,),U t 0-1 
AU1 10 
A U l l :~ 
8C107A 
8CI078 
8CIII7C 
BC108A 
BCt!!8 8 
Sr i 08C 

T,•pe 
) .1( 1() 

).1()1 
JJ O:> 
7..tO:l 
l..tU4 
1405 
7405 
7-107 
740 8 
1..]09 

Type 
CD4000 
CD40ll1 
CD40(1:' 
CD-10(16 
CD4007 
CO·l(I(J:··; 
CD~ll\19 
CD40l0 
CD<t01 1 

Type 
Cl\:10'' 
CA30 14 
CA30 18 
r'l\3()~)0 

CA30!H 
CAJOl ~ ' 
CA303fi 
r:AJO·l :' 
(' i::.,Jl) :l3 

Ud04 6 
t;A:lU57 
C.l\3(154 
C,\3075 
I~A308 1 
( ;\] 089 
CA3090 
CA3L'3 
c :.J 13 1 

Price 

£0.18 
£0.18 
£0.16 
£0.26 
£0.20 
£0.20 
£0.20 
£0.22 
£0.30 
£0.20 
£0.16 
£0.26 
£0.25 
£0.25 
£0.20 
£0.28 
£0.20 
£0.28 
£0.18 
£0.28 
l0.18 
£0.28 
£0.60 
£0.85 
£0.75 
£0.60 
£0.35 
£0.35 

£0.70 
£0.25 
£0.25 
£0.25 
£0.25 
£0AO 
£0.30 
£0.30 
£0.30 
£0.32 
£0.35 
£0.60 
£0.58 
£0.50 
£0.38 
£1.20 
£1 .18 
£1 .40 
£1 .40 
£1.40 
£0.08 
£0.09 
£0.10 
[0.08 
£0.09 
£0.10 

Pnce 

£0.13 
£0.11 
£0.11 
£0.11 
£0.11 
£0.11 
£0.22 
£0.22 
£0.13 
£0.13 

Price 
£0.14 
£0.15 
£0.16 
£0.92 
£0.17 
£0 .92 
£0.45 
£0.48 

. £0.15 

Pr1 ce 
'£0.80 
'[1 .35 
"£0.65 
'£1 .70 
'£0.80 
"£1.40 
'£1.00 
'£1 .50 
'£1.85 
'£0.70 
"£1 .60 
"£1.10 
"£1.50 
"£1.50 
"£2.00 
"£3.60 
"£1.90 
£0.93 

Type 

BC t09A 
8C 10!18 
8C 109C 
8Ct 4 7 
8Ct48 
RC1-1 'l 
8Ct5 7 
HC' 58 
BC1 59 
8C1 6 7 
8( '68 
8[ I fi 9 
8C 169C 
8C170 
8C1 71 
BC17? 
8C t 73 
BC1 77 
BC 178 
BC 1 7o 
BCHIO 
8C 181 
BC1H:•L 
8C18 3 
BC183 L 
BC1H4 
8C:20 7 
8C70H 
BC2<1 9 
BC.212 
8C 1 17L 
80 13 
BC21 3L 
RC214 
BC2 t -\l 
BC:I:) 7 
8C'38 
so:. 1 
scn,,A 
8C3Ut 
BC30 7 
8C303 
800-1 
8CJ:• I 
8C:L'8 
8031 
8C338 
8(.1-HI 
8(-141 
BC4 60 
8C46t 
8C.J I I 
8C.J 78 
8C4 7q 
BC~I J 7 

T· pe 
141() 
7.Jt1 
l 4 1 : ) 

74 t:l 
7J 1·1 
741 6 
7-11 7 
i' 440 
74 4 1 
7..1.:17 

Type· 
CD-Hl1 :• 
CD40 1 :l 
CD41l15 
CD4 016 
CD401 7 
CD401 8 
CD401 9 
CD4020 
CD4 0? t 

Pnce 

£0.08 
£0.09 
£0.10 

'£0.07 
'£0.07 
"£0.07 
'£0.10 
'£0.10 
'£0.10 
"£0.12 
"£0.12 
'£0.09 
'£0.10 
'£0.09 
'£0.09 
'£0.09 
'£0.09 
£0.16 
£0.16 
£0.16 
£0.25 

'£0.25 
"£0.09 
"£0.09 
"£0.09 
"£0.09 
'£0.11 
'£0.11 
"£0.12 
"£0.09 
'[0.09 
"£0.09 
"£0.09 
"£0.09 
"£0.09 
"[0.16 
'[0.16 
"£0.15 
"£0.16 
£0 .28 
£0.29 
£0.26 
£0.38 

"£0.16 
"[0.15 
"£0.15 
'£0.15 
£0.30 
£0.30 
£0.38 
£0.38 
£0.20 
£0.20 
£0.20 

"[0.10 

Pnce 

£0.11 
£0.17 
£0 .15 
£0.~4 
~0.50 
£0.23 
£0.23 
£0.12 
£0.50 
£0.40 

Pr•ce 
£0.16 
£0.42 
£0.76 
£0A2 
£0.75 
£0.85 
£0A2 
£0.90 
£0.82 

Type Pr ic e 
CA:31·1 0 £0.70 
LIV .H :1 '£0.29 
LM304 £1.60 
LM308 "£1.00 
LM3 09 £1.50 
LM 3 20-5V £1.50 
LM 320 · 1:'V £1.50 
LIV320 ~ 15V £1.50 
LM 320-:>-1V £1.50 
LM 380 '£0.85 
LN38 1 '£1 .45 
LM 3 900 "£0.58 
MC1 303L "£0.85 
MC t 304 ' £1.90 
MC1J t 0 '£0.95 
MC13 12 "[1.90 
MC IJ SO '[1 .20 
MC13 ~? ·£1.40 

TRANSISTORS 
BRAND NEW - FU LLY GU ARANTEED 

Ty p1 · 

8C54R 
BC54!J 
8C550 
RC5 56 
8C557 
AC558 
8C5 59 
80 11 ~) 
8D1 16 
80 1:11 

80 1 :1.1 
8013 I 
8Dt J2 
8Dt31 
13 2M P 
8D l 33 
8D 135 
80t3 fi 
BDi 37 
80138 
80 139 
8D t 40 
80 1:19 
140MP 
8015 5 
8D175 
BD1 76 
80177 
80 178 
BO t 79 
8Dc01 
2o:>M P 
80203 
8D:'04 
80703 
:>04 
8DY20 
80 \77 
BF4 5 7 
8F4 5H 
8F4 59 
BF594 
8F5g6 
P,F R39 
8FR-10 
8FR 79 
8 FR80 
BFX20 
8 FX30 
8FX84 
8F X85 
8FX86 
8FX8 7 
8FX88 
8FX90 

'[0.10 
'£0.10 
"£0.14 
'£0.14 
"[0.13 
"£0.12 
"£0.14 
£0.50 
£0.80 
£0.65 
£0.70 
£0.35 
£0.35 

£0.80 
£0.40 
£0.38 
£0.35 
£0.35 
£0.36 
£0.36 
£0.36 

£0.80 
£0.80 
£0.60 
£0.60 
£0.68 
£0 .68 
£0.75 

£1.70 
£0.80 
£0.80 

£1 .70 
£0.80 
£0.90 
£0.37 
£0.37 
£0.38 

'£0.30 
"£0.28 
£0.24 

'£0 .25 
'£0.28 
"[0.28 
£0.22 
£0.30 
£0.22 
£0.24 
£0.25 
£0.22 
£0.22 

'£0.55 

r, p,.. 

8F Y50 
8FY 5 t 
8 rvs:• 
BIP :•g 
81P:'O 
BI P19 
20MP 
BRYJ 9 
8t;1ll5 
BlJl05 02 
Bl:204 
BU/05 
8u:•os o: 
E1n:> 
MJE2g 55 
M_' E305 :, 
'v'J E3440 
\•' PFIO ;' 
MPF 10 4 
'v\P f t05 
MP SA0 5 
MPSA06 
MPSA55 
MPSA 56 
QC:I:' 
OC73 
OC2 ~ 
005 
OC26 
DOH 
oog 
OC.I5 
OC3 6 
0 (7(1 
[)(7t 
TICJ4 
TIC4!\ 
TI P/ 9A 
TIP298 
TIP79C 
TIP30A 
TIP30B 
TI P30C 
II P31 A 
TI P3 1 B 
TI PJtC 
TI P37A 
TI P37 8 
TIPJ:•C 
TIP41 A 
TIP4 1 8 
TIP4 1( 
TIPJ7A 
TI P-1 :' 8 
TlPt.P C 

Pru'P 

£0.16 
£0.16 
£0 .26 
£0.38 
£0.38 

£0.80 
£0.45 
£1AO 
£1.95 
£1 .40 
£1AO 
£2.25 
£0.38 
£0.90 
£0.60 
£0.52 
£0.26 
£0.35 
£0.35 

"£0.20 
"£0.20 
"£0.20 
"£0.20 
£1 .50 
£1.50 
£1 .35 
£1.00 
£1.00 
£0.80 
£0.95 
£0.90 
£0.90 
£0.24 
£0.15 

"£0.29 
"£0.35 
£0AO 
£0 .42 
£0.44 
£0AO 
£0 .42 
£0.44 
£0 .40 
£0.42 
£0.44 
£0 .40 
£0.42 
£0 .44 
£0.44 " 
£0.46 
£0.48 
£0.44 
£0 .46 
£0.48 

TIP/ 95 5 
TIP3055 
TIS43 
TI S90 
UT46 
ZTXt07 
ZT XtOH 
ZTX 109 
ZTX300 
ZTX 500 
2 Nt 6 13 
? N 1 71 1 
2N 188 9 
.'N t89 0 
.' Nt8 93 
2N7 14 7 
2 N7 14 8 
2N:'1 60 
:' N21 9 :? 
2N? t9 3 
2N21 94 
:> N22 17 
? N2:'t8 
J N ~}21 BA 
LN2? 19 
:'N 2 :>1 9 A 
:O N2904 
:•N2 904A 
2N2905 
2N7905A 
? N2906 
2n2906A 
? N290 7 
? N790 7A 
.'N7~L'6 G 

:> N ~9:'50 
.>N:•9 ? 6 R 
.'N 7926B 
2N3053 
~N30 5.l 
2N3055 
2N34 14 
2N3415 
2N.l4t 6 
2N 34 17 
2N36 14 
2 N361 5 
:'N361 6 
:•rn54 6 
2 N3 70 :• 
.' N370 3 
:' N3 70 4 
: N3 70 5 
!N3705 

Pncc 

£0.60 
£0.50 
£0.22 

'£0.18 
£0.20 

'£0.10 
'£0.10 
"£0.10 
'£0.12 
'[0.13 
£0.20 
£0.20 
£0A5 
£0.45 
£0.30 
£0.75 
£0.70 
£1.00 
£0 .38 
£0.38 
£0.38 
£0.22 
£0.22 
£0.20 
£0.20 
£0.24 
£0.18 
£0.21 
£0.18 
£0.20 
£0.16 
£0.19 
£0.20 
£0.22 

' £0.09 
'£0 .08 
'[0.08 
' £0.06 
'£0.08 
£0.16 
£0 .40 
£0.4D 

'£0.16 
'£0.16 
' £0.29 
'£0.29 
£1.00 
£1.05 
£1.05 

'£0.09 
'£0.08 
' £0.08 
'£0.07 
'£0.07 
'[0.08 

74 SERIES TTL IC'S 
Type 

7-l.l ~ 

7446 
7-14 7 
/4 48 
74 7'> 
7480 
7481 
748 7 
7..1 8 3 
74 R4 

Type 

CD4022 
CD402 3 
CD4 0 24 
C040 25 
CD4 0 25 
CD4 0 2 7 
CD4 02B 
CD4 0 2g 
CD4030 

All2ERO RATED VAT 

[0.6~ 

£0.60 
£DAB 
£Q.56 
£0.29 
£0.44 
£0.85 
£0.68 
£0.58 
£0.88 

Type 

7·1 8S 
/ 486 
7489 
14 90 
74 9 1 
749 2 
74 93 
74g .l 
7·19 5 
74 !16 

£0 .68 
£0.22 
£1.70 
~0.32 
£0.64 
£0.35 
£0.30 
£0 .75 
£0.50 
£0.50 

CMOS IC'S 
Pnce 

£0.82 
£0.15 
£0.65 
£0.15 
£1.20 
£0.50 
£0.69 
£0.85 
£0.48 

Type 
CD403 1 
CD40 3'> 
CD4040 
CD4 0 J 1 
CD40~ :> 
CD4043 
CD-ll l -14 
CD404 7 
C0404 9 

Pn ce 
£2.00 
£1 .00 
£0.88 
[0.76 
£0.12 
£0.88 
£0.82 
£0.87 
£0.42 

LINEA~ IC'S 
Type 
7:'7 1 1 
L.A7 :'3 C 
127?3 
UA74 1C 
7:1 74 1 
?41 p 
UA74 7C 
7274 7 
UA748 

Prrce 
'£0.32 
£0.45 
£0.45 

"£0.24 
"£0.24 
"£0.20 
"£0.60 
'£0.60 
'£0.35 

Type 

74 t()(J 

74 110 
/4118 
141 t9 
7-112 1 
7-1 12:' 
7-1 173 
7-1 141 
7~ 154 
7 ~ 180 

Type 
cb-1050 
CD40:J5 
CD406 q 
( 040 70 
CD•\011 
CD407: 
C>•l08' 
C04 1J8:' 
CD-l!>1 0 

Pric;e 

£0.85 
£0.36 
£0.80 
£1.18 
£0.24 
£0.39 
£0.40 
£0.55 
£0.82 
£1.50 

Pn ce 
£0.42 
£1.00 
£0.17 
£0.17 
£0.11 
£0.11 
£0.11 
£0.18 . 
£0.99 

Type Prtce 
7/J IH '£0.35 
i-18 p '[0.35 
SN76CI1 3N '£1 .75 
SN 760/3 '£1 .75 
SN761 10 "£, .50 
SN75 1t 5 "£1 .90 
SN 755 50 "£0.75 
SL4 14A '£1.95 
TAA5508 [0.35 

Typr 

2N3 707 
:•N3 708 
?N3708A 
:>N370g 
:> N37 10 
:' N3 71 1 
;•N3819 
:>N3820 
2N38:> 1 
:•N3823 
?N40o8 
?N4()5 g 
2N406 0 
2 N405 1 
7N406 7 
:>N4 284 
7N4 785 
:ON4286 
:>N4287 
2N4 :>88 
:JN4 :189 
~ N4 ?90 
2N4 29t 
~1 N·1292 
2N4 29 :J 
2N49? 1 
2N49 23 
2N5 135 
2N5 136 
2N5t38 
:•N5 194 
:> N5 745 
2N579-1 
2N529 6 
2N54 5 7 
2N54 58 
2N54 59 
2N555 1 
?N6W7 
2N5 12 1 
:? NG1:?./ 
~0 31 1 
403 13 
403 15 
.1 0 3 17 
~0 3 ?5 
-10377 
-103 46 
1034 7 
40 348 
403 60 
~0 3 51 
J0 36 2 
J l)4() 6 
-1 0407 
1() 408 
l (). l09 

Type 

14t8t 
1419 0 
141 9H 
74 199 

Type 
(.0·1!.>1 1 
C04516 
CD4 5 18 
C04570 

Type 
TAA62 1 A 
TAA6:' 18 
TAA66 t 
TA D100 
T8A540 
TBA8 1 OS 
TBA8 t0 
TBA8 70 
TBA9 200 
TCA:>70'; 

Pncf' 

"£0.08 

IC PAKS 
Manufacturers "fall~outa.. which in
clu~e functional and pan functional Umts. These are claued as 'out-of-spec' 
f~om the ~ake_r's very rigid apecifica-
!~~':':·.::~xap':ri~=~~8~o~~:~ning about 

H J:i. '4 ·· 10 0 Gates ei ssor tec1 740 0 0 1 
04 -10 ~i0 - 6U e lc £1 20 
16 :' :16 .1 0 M Xl A ssn rtr. d ty p es 7441. 4 7 9() .1 '>4 OI C £1.20 
~6 .' :'7 - .W Asso n eri L1m~m Tvnes 70 9· 
14 t 747-7 48 710-588e tc £150 
16 2:' 8 8 Assorted types SL40J 760 i 3 7600 3 etc £1 00; 
16.':> 9 - 5 ICs 76 110 Eqv to MC13.10 P 
MA 767 £1.50' 

"[0.07 
"£0.07 
"£0.07 
"£0.07 
'£0.07 
£0 .18 
£0.35 
£0.60 
£0.60 

"£0.12 
'£0.14 

:~g: ~~ r---------------1 
JUMBO PAK 

SEMICONDUCTOR 
1 h:> .':' Tri'\ns ts\ors Ge rm i' nd Se llcon 
R Pc t dH~ r s 01 ocles· Tnacs - Th ynstors ICs and 
Zen"" ALL •~ EW & CODED App<o> 100 
pi~>Ces Offen ng t h e ~m~t eu r a fA nt ~ St iC bar 
ga .n PAK anci r1 n enor mous savt ng £2 .25 

'£0.12 
"£0.18 
"£0.18 
"£0.18 
"£0.18 
'£0.18 
"£0.18 
"£0.18 
'£0.10 
"£0.18 
"£0.18 

:~g:~~ t---""!"'-----------1 
"£0.10 
"£0.10 
"£0.10 
"£0.56 
"£0.40 
£0.34 
£0.36 
£0.32 
£0.32 
[0.35 

"£0.36 

MAMMOTH I.C. 
PAK 

1 l o/?3 Approx :)tJ() Jllf'>f 1"5 flSSflf lf'd fall· 
nut I IH t ~~Jitll r ·d CirC u i t S uH·h td1ng LOUIC 74 
se r1n<; LHH!a r Aucl1n .1nd 0 T L M ;.HHi y 
cod t>d rtP \•tcP.s h u1 so m e un m arkcct you to 
tdcn tdv £1.20 

~g:~ r---------------1 £0.70 
£0.38 
£0.95 
£0.95 
£0AO 
£0.40 
£0.45 
£0.45 
£0.65 
£0.80 
£0.36 
£0 .36 
£0.38 
£0.45 
£0.35 
£0.52 
£0.75 

Pnce 

£0.58 
£0.68 
£1.85 
£1.85 

Pr 1ce 

£0.95 
£1 .00 
£1.00 
£1.00 

UNTESTED SEMI
CONDUCTOR PAKS 

G.P. SWITCHING 
TRANSISTORS 

TO IIJ '"" 1o :• N706 8 BSY27 78 95A 
AlL usuab lr! df!v 1ces No open & short -; 
ALSO ,lV:l d;l h lr> tn PNP s rrniiM to / N:'906 
BCY70 
.JQ l or SOp, 50 fnr £1 , 100 fo r £1 .80, SO O 
: ~: ; ,;,~~·._ , ; ,, ::(~(~~nr p~~4. - When mdenng 

SILICON DIODES 
G.P. 

JtlOn1W 4 0P IV 1m•nl sum n 1m FU LL Y . 
TE STED Ideal lo r Organ bu dders 
30 lo• SOp, 1 00 lor £1 .50, 500 lor £5, 
1 000 1m £9. 

Pncc 
'[2.00 
'£2.50 

:!~:~~ t--------------1 '£2.10 
'£0.75 
'£0.96 
'£0.70 
'£2 .50 
'£2.00 

V.A.T. Add 1? '. 
those u n m <1 rk e d 
rat~d 

tO pr1ces m~r k td . 8 ··~ tO 
Item s marked C~ r e 

P&P 3 5 p unlf'ss o thNw 1se show n 

Type 
MCt-16 9 
MCt 49fi 
NE5 J6 
NE55 0 
NE55 o 
NE55 5 
NE5ti :i 
NE566 
NE507 
UA7 02C 
7:'70 ? 
UA703 
UA7 09 
7/709 
709P 
UA710C 
7?710 
UA711 C 

Pnce 
£2 .95 

'£0.90 
'£2 .66 
£0.95 
£0.24 
£0.60 

'£1 .20 
'£1 .50 
'£1.70 
'£0.46 
'£0A6 
'£0.25 
"£0.25 
'£0.46 
'£0 .25 
'£0.40 
'£0.30 
'£0.32 

SEND 
YOUR 
ORDERS 
TO: 

BI·PA/1 
DEPT. WW4, P. 0 . Box 6, Ware, Herts 
COMPONENTS SHOP: 18 BALDOCK 

STREET, WARE, HERTS 
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q 0 T 2 
We thought that m ight make you stop and look at our ad. Now 
that you have stopped why don't you take_ advantage of our keen 
competitive prices and p lace an order w1th us. You could save 
yourself ££££s. 

-· 
Trlllilllr1 I+ 25+ lOCI+ Brldgellec: Mnnortes 1+ 10+ 25+ TrllliaWI 1+ 25+ 100+ Trllliltln I+ 25+ 100+ 

Transistors I+ 25+ 1011+ Translstors·t + 25 + 100 + Transistors I+ 25+ 100 + 
i4to J 5 .14 .11 74105 --:78 - .74 JH 74190 .28 .27 .21 2A so·v .34 .33 .26 21021kxl 

1.81 1.79 1.37 TIP30 .31 --.zg .23 2N22Z2 - .14 -.13 .10 . AUII3 
BCI07 .12 .11 .Ill TIP30A .32 .30 .24 2N2222A .14 .13 .10 7412 .19 .18 .14 74107 .32 .30 .24 74191 .28 .21 .21 2A100v .38 .36 .28 4114lkx4 

8CI07A .12 .11 .09 TIP30B .32 .30 .2' ,zN236B .16 .15 .12 741 3 .29 .28 .22 74109 .32 .30 .24 74192 .33 .31 .24 2A200v .42 .39 .31 41l616k X I 11.70 9.75 1.70 

8C107B .12 .II .Ill TIP30C .35- .33 .26 2N2369 .18 .17 .13 7416 .22 .21 .16 74110 .38 .36 .28 74193 .33 .31 .24 2A400v .54 .51 .48 41404kll 

8C107C .12 .II .09 TIP31A .32 .30 .24 2N2646 .37 .35 .27 74 17 .22 .21 .16 74111 .25 .23 .18 74194 .45 A3 .33 2708 lk •• 
27162kx8 .15 .14 .11 .25 .23 .18 74195 .24 .23 .II 8CI08 .12 .II .09 TIP31A .32 .30 .24 2N2904 .21 .20 .16 7420 74116 Voltage regs TD22G 1~ Z-80 11.00 16.00 l:t.OO 

.09 TIP318 .32 .30 .24 2N2904A .22 .21 .1 7 7422 .18 .17 .14 74118 .81 .11 .60 74196 .35 .33 .26 
7805 .67 .63 .49 8C108A .12 .II 

.18 .17 .14 74 119 .54 .51 .40 74197 .35 .33 .26 .63 A9 .09 TIP31C .35 .33 .26 2N2905 .21 .20 .16 7423 7812 .67 8CI088 .12 .I I 

.19 .18 .14 74120 .54 .51 .40 74198 .54 .51 .48 
BCIOBC .1 2 .I I .09 TIP32 .32 .30 .24 2N2905A .22 .21 .1 7 7425 

.25 . 7905 .71 .74 .56 
~~:ck~+ootr 100+ 

.09 TIP32A .32 .30 .24 2N2906 .14 .13 .10 7426 .1 9 .18 .1 4 74121 .35 .33 .26 74199 .33 .31 
7912 .78 .74 .56 8CI09 .12 .II 

.19 .18 .14 .40 .38 .2! 74221 .82 .78 .61 .09 TIP328 .32 .30 .24 2N2906A .1 5 .14 -" 7427 74122 8C109A .12 .II .025 .19 .18 .14 74123 .38 .36 .21 741100 26 .24 .19 .OiuF .II .09 TIP32C .35 .33 .26 2N2907 .14 .13 .10 7428 Diodes .025 8CI098 .12 

.1 5 .14 .II .38 .36 .21 74H05 .29 .28 .22 022ul 
8CI09C .12 .II .09 TIP33 .53 .51 .39 2N2907A .15 .1 4 .II 7430 741 25 

.19 IH914 IOOs Oily .013 Jl47ul .D29 .16 .15 .1 2 74 126 .38 .36 .21 74H10 .26 .24 .24 .22 .17 TIP33A .56 .53 .41 2H3053 .20 .19 .1 5 7432 IH916 IOOs DAly .014 .1 .04 8C142 
.19 TIP338 .&I .58 .45 2N3054 .60 .57 .45 7433 .21 .20 .15 74 128 All .38 30 74HII .26 .24 .19 

IH4001 1 OOs only .D34 8C143 .26 .24 
.26 .24 .19 .075 .D6 TIP33C .67 .64 .50 2M3055 .61 .58 .45 7437 .19 .18 .14 74132 .55 .52 .41 74HZO 

IN4002 100s only :o36 8Cl128 .D8 .28 .27 .21 .12 .10 TIP34 .59 .56 .44 2N3442 1.30 1.23 .96 7438 .19 .18 .14 741 36 .22 .21 .1& 74810 
IN4003 .D37 8C1778 .13 

.15 .14 .1 1 .17 74LS II .19 .18 .14 Resistors '·• wall5% E12CarbonFilm 8C179 .14 .13 .10 TIP34A .62 .59 A6 2H3171 1.87 1.17 1.38 7440 74137 .23 .21 
74LS21 .19 .18 .14 IN4004 .D4 

Per IOOsamovalue tap .22 .20 .16 TIP348 .68 .64 .50 2N377 2 1.89 1.19 1.39 7422 .25 .24 -" 74 141 .22 ..21 .16 IH4005 .D4 8Cl87 
.40 .37 29 .99 74LS153 .46 .44 .34 

8C300 .23 .22 .17 TIP34C .75 .71 .56 2H3823 .60 .57 .44 7443 74142 1.34 1.27 IN4006 .044 
8C301 .23_ .22 .17 TIP35 1.18 1.12 .87 2H4036 .23 .22 .17 7444 .48 .38 .30 74145 .33 .31 .24 IH4007 .D47 And many more. sendSAEforfulllisl. 
8C441 .21 .25 .20 TIP35A 1.24 1.18 .92 2H4037 .22 .21 .17 7445 .19 .18 .14 74147 .65 .61 .48 Dll soc•els 

.09 IN4148 .013 
.27 .25 .20 TIP358 1.36 1.28 1.00 2H4058 .10 .09 .D1 7446 .45 .43 .33 74148 .67 .64 .50 8 pin .12 .11 

IN4149 .014 8C461 
.36 .34 .27 741 50 .38 .30 14pin .13 .12 .II 

8CY58 .15 .14 .11 TIP35C 1.49 1.41 1.10 2H4059 .10 .09 .07 7447 .48 
.14 .13 .11 BAX13 .014 

Add 8'•• VAT and 30p P&P. 8CY59 .15 .14 .II TIP36 1.28 1.22 .115 2N4061 .10 .OS JJ7 7446 .45 A3 .33 74 151 ~ .25 .zo 16pin 
.15 CallorsWelcome. allcompnonlsleWIRd .17 .16 .13 18pin .20 .19 8CY70 .18 .11 .)3 TIP36A 1.35 1.27 .99 2M4236 .28 .26 .21 7450 

.17 .16 .u 20pin .21 .20 • 16 LEOS lo lull spec by ludl~g 11aou1ac1urors . 8CY71 .18 .17 .13 TIP368 1.47 1.39 I.D9 2N4239 1.19 1.12 .a7 7451 
TTL I+ 25+ 100+ .22 .17 TIL209 REO .16 .15 .12 

.13 TIP36C 1.62 1.53 1.19 2N5294 .42 .40 .31 7453 .17 .1 6 .13 22pin .23 TIL212YEL .19 .II .14 8CY72 .1 8 .17 
.17 .16 .13 74153 .26 .25 .20 24 pin .24 .22 .II 80131 .36 .34 .26 TIP41 .46 .44 .34 2N5296 .37 .35 .27 7454 74154 .63 .&0 .46 .31 .30 .23 TIL216RED .19 .18 .14 

CAN . YOUR COMPANY REALLY OPERATE 80132 .37 .35 .28 TIP41A .46 A4 .34 2M5298 .45 A2 .33 7460 .17 .16 .13 
741 55 .25 .24 . I~ 

28pin 
A2 .33 . Tll220 REU .15 .14 .II 

.52 .49 .38 .46 .44 .34 7470 .30 .29 .23 4D pin .44 TIL228 REU .21 .20 .16 EFFICIENTLY WITHOUT A MICROPROCES· 80142 ' .69 .65 .51 TIP418 2M5490 
.30 .29 .23 741 56 .33 .31 .24 

80222 .42 .48 .31 TIP41C .52 .49 .38 2M5492 .49 .47 .36 7472 74157 .26 .25 .19 Tll234 6RN .21 .20 .16 SOR 
80234 .51 .49 .38 TIP42 .48 .45 .35 2M5494 .46 A4 .34 7473 .23 .22 .1 7 

74159 .70 .66 .52 Tll232 GRN .19 .18 .14 Walch .ou1 for lhe SEMEL 1. Mfcre-
80242 .33 .32 .24 TIP42A .48 A5 .35 2M5496 .51 .48 .37 7474 .23 .22 .17 

74160 .33 .31 .24 Triacs 10220 1 + 25+ 100+ processor coming oulshorlly. 
81257 .23 .22 .17 TIP428 .48 AS .35 3N128 .83 .80 .62 7475 .19 .18 .14 

74161 .33 .31 .24 .41 .39 .30 linear ICs 1+ 25+ 100+ "8k. 16k. 32k, 64 , memory 
.52 A9 .38 .53 .50 .39 7476 .28 .26 .21 2A IOOv 555 .24 .23 .17 *ProvisioRior llghlpenanachllonl 81258 .24 .23 .18 TIP42C 3N201 

.33 .31 .24 74162 .36 .34 .27 2A200v .42 AD .31 • Exlorntlshill-keylodisplaydot 81259 .25 .24 .19 TIP47 1.32 1.25 .97 3N204 ,55 .52 .41 7'480 741 63 .33 .31 .24 .45 A3 .33 709-8 .21 .26 .20 

.52 .49 .38 2A 400v ·.33 .31 .24 81337 .24 .23 .18 TIP48 1.39 1.32 1.00 40366 .36 .34 .21 748 1 

.52 .49 .38 74164 .33 .31 .24 6A IOOv .46 A4 .34 709·14 ~~~:~ ·cardscanbedOiignodandhuill 81Y50 .21 .20 .16 T1P2955 .56 .54 .42 40406 .37 .35 .28 7482 74165 .33 .31 .24 .51 .48 .38 710 .40 .38 .29 

.28 .26 .21 6A 400v .19 .15 tosull mll.!lrequiromonls. · 8FY51 .21 .20 .16 r1PJoss .56 .54 .42 40407 .37 .35 .28 7483 74166 .47 .45 .35 6A ZOOv .47 A5 .35 741 .20 
.21 .20 .1 6 2H918 .:t5 .33 .25 40411 .80 .76 .59 7484 .48 .38 .30 

.85 747 .35 .33 .25 8FY52 
2N1131 .24 .23 .II 7485 .42 .48 .31 74167 1.15 1.D9 IOA'100v .74 .70 .55 

748 .33 .31 .24 81X84 .21 .20 .16 
7486 .18 .17 .13 74170 .99 .94 .73 IOA200v .76 .72 .56 

.81 .17 .58 81XB5 .21 .20 .16 2N1 132 .23 .22 .11 74172 1.88 1.18 1.39 .82 .71 .61 CA3130E 
.21 .20 .16 2N1132 .23 .22 .11 TTL 7400 series 7489 2.20 2.08 1.62 

.48 
10A400v CA3130T .89 .84 .64 81X86 

2N1893 .33 .31 .24 7400 
. . 

.1 5 .14 .11 7490 .18 .17 .14 74173 .65 .61 
CA3140E .36 .34 . .26 --81X87 .23 .22 .11 74174 .49 A1 .36 

81X88 .23 .22 .17 2N1613 .19 .18 .14 7401 .17 .16 .13 7491 .18 .17 . . 14 
74175 .76 .72 .56 LM301AN .24 .23 .17 

C1509 .38 .28 .26 2N1111 .24 .23 .II 7402 .15 .14 .II 7492 .28 .27 .21 
74176 .35 .33 .26 

Thyristors 10220 LM301AJ .&2 .58 .45 
MJE340 .71 .67 .52 ~2102 .34 .33 .25 7403 ,17 .16 .13 7493 .1 8 .1 7 .14 

.33 .26 3A50v .34 .32 .25 MC1310P .80 ,76 .56 
.16 7404 .15 .1 4 .II 7494 .36 .34 .27 74177 .35 

MC334DP 1.00 .95 .73 1.35 1.28 1.00 2N2218 .21 .20 
.34 .27 3A400v .37 .35 .28 R20088 

2N2218A .21 .20 .16 7405 .18 .11 .14 7495 .21 .20 .1 6 74180 .36 
.34 .32 .25 NE556 A2 .39 .29 R2010B 1.15 I.D9 .85 74181 .90 .85 .66 SA 100v 

2NZZ19 .21 .20 .16 7406 .24 .23 .18 7400 .31 .30 .23 
.46 A3 .34 T8A800 I.DI 1.02 .78 T1P29 .31 .28 .22 

.69 7418Z .36 .34 .27 5A600v 
.32 .30 .24 2N2219A .21 .20 .16 7407 .24 .23 .11 7497 .94 .89 

.63 7A 4DOv ,51 .48 .38 T8A820 . . 72 .68 .52 T1PZ9A 
IN2221 .16 .15 .IZ 7408 .1 5 .14 .II 74100 .65 .61 .48 74184 .85 .80 

.57 .54 A2 TCA940 1.53 1.44 1.10 -· TIP298 .32 .30 .24 74185 .85 .80 .63 10A20Bv 
TIP29C .35 .33 .26 ZN2221A .16 .15 .12 740Q .1 8 .11 .14 74104 .65 .61 .48 .. 

S-TRUTT ELECTRICAL & 3C Barley M arket St., -. 

MECHANICAL ENG INEERING LTD. Telex 45263 TAVISTOCK, DEVON, PL19 OSF. Tel: Tavisto.~k J822 5439 
--

E IL WW 072 FOR FURTHER D TA S 

LINEAR LM380 60p 
AY38500 4S0p LM381N 90p 
CA3039 70p LM382 90p 
CA3046 60p LM391 1SOp 
CA3060 225p LM555 2Sp 
CA3065 200p LM709C 40p 
CA3076 2S0p . LM710T05- -BOp-
CA3080 7Sp LM710DIL 6Sp " 
CA3084 2SOp LM723T05 40p 
CA3085 SSp LM723DIL 4 0 p 
CA3086 60p LM733 1 20p 
CA3088 1 90p LM741 20p 
CA3089 160p LM748 4 0p 
CA3090AQ 360p LM1303N 100p 
CA3123E 1l0p . LM1458 100p 
CA3130 100p LM3080 7 5p 
CA3140 60p LM3900 55p 
LF356 SOp LM3909N 65p 
LF357 SOp MC1310P 140p 
LM211H 2SOp MC1312P 1S0p 
LM300TRS 170p MC1314P 190p 
LM301AN lOp MC1315P 2 3 0p 
LM304 200p MK50398 650p ' 
LM307N 6Sp MM5314 lSOp 
LM308T05 100p MM5316 480p 
LM30BDIL 100p NE529K 1 SOp 
LM309K 100p • l':l.I!?5§ __ - · --~~ 
LH310T05 1 S0p NE556 90p 
LM311T05 1S0p NE562B 400p 

,LM317K _ .E!J!_ SAD1024 1 S OOp 
LM324 70p SL917B 650p 
LM339 60p SN76003N 1 50p 
LM348N 90p SN76013N 110p 

7400 1 0p 7432 20p 7482 7 Sp 
7401 10p 7433 2Sp 7483 _7Sp 
7402 10p 7437 20p -7484- 70p 
7403 10p 7438 20p 7485 6 0 p 
7404 12p 7440 1 2p 7486 2Sp" 
7405 12p 744 1 4 Sp 7489 130p 
7406 25p 7442 40p 7490 25p 
7407 2Sp 7443 60p 7491 4 0 p 
7408 12p 7444 60p 7492 lSp 
7409 1 2p 1_4_4_5 ___ 6Sp 7493 30p 
7410 1 2p 7446 SOp 7494 7 0p 
7411 1Sp 7447 SOp 7495 4 Sp 
7412 15p 7448 SOp 7496 4Sp 
7413 2Sp 7450 1 2p 7497 120p 
7414 4Sp 745 1 1 2p 74100 S Op 
7416 2Sp 7453 1 2p 74104 40p 
7417 2Sp -7454 1 2p 74105" 4 0 p 
7_41Q_gp~ 7460 1 2p 74107 2Sp 
7421 20p 7470 2Sp 74108 100p 
7422 15p 7472 20p • 74109 2Sp 
7423 20p 7473 2Sp 74 118 7Sp 
7425 20p 7474 2Sp 74120 SOp · 
7426 22p 7475 2Sp 74121 2Sp 
7427 22p 7476 2Sp 74122. 3Sp 
742 8 2Sp 7480 40p .74123 40p 
7430 1 2p 7481 SSp 74125 lSp 

S N76013NO TBA700 1S0p" 
12Sp TBA720Q 225p 

SN76023 N 110p TBA750Q ZOOp 
SN76023ND TBA800 S Op 

12Sp TBA810 1 0 0p 
SN76033N 150p TBA820 100p 
S N76227N 160p TBA92 0Q 2 SOp 
SN"I6228N 1SOp TCA2700 220p 
SN76660N 7Sp TCA270S 2 2 0p 
TAA3 00 100p TCA760 lOOp 
TAA350 190p TCA4500A 450p 
TAA550 l5p TDA1008 3 50p 

-TAA570 220p TDA 10 3 4 450p 
TAA661B 140p TDA2002 lOOp 
TAA700 350p TDA2020 lOOp 
TAA790 350p TL084 120p 
TAD100 150p XR320 2 5 0p 
TAD110 1l0p XR2206 450p 
TBA120S 60p XR2 2 07 450p 
TBA 120T S5p - XR2208 600p : 
TBA480Q 200p XR22 16 650 p 
TBA520Q 2 0 0p XR2567 2SOp 
TBA53 0 Q 200p XR4136 1S0p 
TBA540 2 0 0p XR4 2 0 2 1SOp 
TBA550Q 2S0p XR421 2 1S0p 

-- TBA560C 2SOp .XR4 739 1SOp 
TBA641A12 ZN 41 4 100p 

2S~ 95H 90 700p 
-- ----·--- -- · 

11 4148 dleHI hy I.U./Tem 100 for £1.50 
SIIUt RAM 2102 ID24 x I bl1450 non a sec ti .OO each 

211 Z 256 X 4 bil 450 ninO ltC £2.50 
Mun 11 ullruonit tnniCiuttn 40kHz £2.00 each or £3.50 pair 

AU I'RICES INClUDE POST AIIO VAT 

7 4126 3Sp 74 1 55 4Sp 7418 1 130p • 
74128 60p 74 1 56 4Sp 74 182 SOp 
74 130 1 20p 741 57 4Sp 74 184 120p 
74 131 9 0 p 74160 SSp . 74185 100p 
74 1 3 2 4Sp 7416 1 SSp 7 4 188 l 20p 
74135 90p 74 162 SSp 74 190 70p 
74136 -8 0 p 74163 55p 741 91 7 0p 
7 4 1 37 9 0 p 74164 6 0 p 74 192 6 0p 
74138 10 0p 7 41 65 60p 74193 6 0 p 
74141 SOp 74 166 7Sp 74 194 S Sp 
74142 1S0 p 74 167 160p . 741 95 SOp 
741_43 ~70p 74170 100 p 74 196 SOp 
74 144 270p 74 17 3 BOp 741 97 SOp 
7 4 14 5 SS p 741 74 60p 74 1 98 100p 
74147 100p 74 175 60p 741 99 100p 
74148 90p 74176 S Op 74293 9 0p 
74150 6 Sp 74 1 77 SOp 7 41 500 18p 
7 4 151 45p 741 7 8 7Sp 74 511 2 BOp 
74153 4 Sp 74179 120p 
74154 7 0 p 74180 9 0 p 

T. POWELL 
306StPaul's Roitd Lo ndo n N 1 

Tei&PhO..e 0 1-22 6 14S9 
Ba~c~;y/ Acces; Credit;.;a-rdS-accepted 

'RADIO SHACK LTD for[~ IMJ31 

Ham Bands with 1. 5-30 MHz receive with built-in 1 50 MHz 
frequency counter plus option of 0-1.5 MHz receive and I or ariy 
transceiving application 1.8-30 MHz. · 

RADIO SHACK LTD 
For Communications equipment including Trio products and 
Trio testgear. 

We are situated just arou~d the corner from West Hampstead. U-nderground Station 

(Bakerloo line) . A few minutes ' walk away is West Hampstead Midland Region 

station and West End Lane on the Broad Stre.et Line . We are on the following Bus 

routes : 28, 59 , 159 . Hours of opening are ·9-5 Monday to. F£lday . Closed for Lunch 

1-2 . Saturday we are open 9- 1 2 .30 only . World w ide exports . 

DRAKE *SALES *SERVICE 

RADIO SHACK LTD 
188 BROADHURST'GARDENS, LONDON NW& 3AY 

Giro Account No. 5SS 7151. Telephone: '01-824 7174 

Cables: Radio Shack, London;NVIl6. Telex: 2371S 
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All the Bop/a range, with the excep

A100 

tion of BOCON are to IP65 standard 
being very accurately made. Their lfds 

are sealed by a recessed continuous 
ring gasket, which will . also resist 

petrol and oil. Fixing screws are 
outside the sealed chamber, but 

inside the case. Bopal are alu
minium and Boplast either poly

carbonate or glass polyester. 

Bacon is a two
toned high impact poly~ 

styrene case to IP44. In 
'dark/light grey, red/ black, or 
clear covers (see cat) . . 

Certain sizes can have clear 

A101 58 
. A102 98 

A103 150 64 
A105 75 80 9042.24 
A110 125 80 
A115 175 80 
Ail 7 zso RO 

A120 122 120 

L B H 
BOC410 100 50 25 188 
BOC420 100 50 40 2 00 
BOC 430 120 65 40 2 .17 
BOC 440 150 80 55 2.44 
BOC445 150 80 80 3 .11 
BOC450 188 110 70 3 .21 
BOC460 188 110 100 3 .66 

A123 220 120 

M205 52 50 
M206 65 50 
M210 82 80 
M215 120 80 
M217 122 120 

P326 
75 50 7.88 ?327 230 75 

160 75 50 8.98 P328 190 100 
190 75 50 9.82 P330 160 160 
230 75 501 0.65 ?333 . 1 

: Aylesbury (0296) 20441. Telex: 83570 

P323 55 ss sa 6.31 Prices,.. 0118 off IIIII include 
P324 110 75 75 8.116 pIt p but not VAl. Discounts 

P325 160 75 75 9.65 ~on~quan!:::titv:::.:,.· ____ _ 

'WEST 'HYDE DEVELOPMENTS LIMITED. Unit 9, Park Street Industrial Estate. AYLESBURY. BUCKS. HP20 JET. 

WW-064 FOR FURTHER DETAILS 

/_ WOOD 
'Et_ ECTRON /CS 

ELECTRONIC TIMER 
Accurate t iming or recordings , etc . 

Price:-£42 .7 1 + VAT (£3.42) 

TAPE SWITCHING UNIT 
· For 3 Recorde rs 

Two Models 
Passrve 

P ri ce: £20.00 +VAT (£2.SO) 

BUFFER AMPS IN 
RECORD CHANNELS 

P rice: £lS .OO + VAT f£4 .7 5 ) 

Bolh feature adjusta ble a tten ua tors on rep lay 

'Leisure~ries SEND F~~n~e~~AILs 
TEL: (0202) 4 2629 9 

20 STOURCLIFFE AVEN UE, BOURN EM OUTH BH 6 3PT 
TEL; (0202) 4 26299 

TRAD E EN QUI RIES INVITE D 

WW- 061 FOR FURTHER DETAILS 

we . wondered why .. •• 
Thf? B . B . C. , Bn t 1sh Rail. B.A . C. . D ecca A co u st ics, lnstitu tH of Sound and Vib ratiof' Rt~search, /.C. L ., Post O f fice 

. Tl!!ecnmmumr:atlons. Ph ,fips R P.Sf.>iirch , U .K . Atom1c E_n,~rgv A uthor i t y , and manv Untvfusicies Wf'rt! amon_q our 

.cus roml!r s. 

SINCLAI R PR ODUCTS 
M o~ ·nv .<; .on TV U K P•o<ler £89.95. POf\/1 ~:l £27 .25, 
•· cl tn ... .-l d d p to r £3.24. , .1se £3.25. OMJ !10 £67.80 

fl.\' .1 50 £96.50, DM2J 5 £49 .45 Reclw qr •.r ltl r: 
l l dl i • ·rH~S £7 .50 . 1\~ tl •rl S .Jd t'lp!C tr £3.70. Et \l etp r•'> •' 

nrnu •·dh u l o~to r £21 .95. Camlmdu• · p r1 •~1 c alruf tllor 

£ 13.1 3, p ! O~ / Hh rd l \.' £3 .45, m a.n, ad.tptor £3 .20. 

COMPONENTS 

~~ ~t~~ ~~~ : ' ~2~~~~~;.1 l ~ ~ ~~ ~~~:?+~ ·1 r7 ,~ ;.~57~~~ ''s'/1':,','u7r~~ i 
20p. ZN-11 -l £1 .05 . PCB ,HH I f' :.:t r.t par:~ for l.lci ~t r 
£3.85. Ci"e £1. I '1/.1 ' -18 1.4p. I N·lOO.' 2.9p. 7.' 3 
29p. ! .1' 15p. '-IE :o •,-, 2Jp. BC I B! B BC•R3 B 
Rt 1 H4B BC: 'L ' B HC:1 1J B BC.J1-~C 4 . 5p . P la ~ t+ c 

HC 10 7 4 .8p. · : V\ !"> f I ;• rPstston; lO R to 

lp. 0.8p !o r ~r t! • rrl nno• Vtl lt n .• e tE:ctrolytw s 

1 :1 5 1 () :):Jn•f 5p, 1 \)O rn f &p, 1 U()0111 1 

l Op, 1500mf !PC) 3.4p, 10v 2mf 1.7p 100Dmf 
5.1p, 2200m~ 6p. Po lyesters 250v 015 0 68 . 

1 mf 1 1h p . Ce ram +cs SOv E6 22pf to 4 7 n 2p. 
Polystyren es 63v E1 2 10p f to JOn 3p. Zen er s 
400mW E2 4 2 v 7 to 33v 7p. 

TV GAME S 
~ ~ -- rt ~ ,! • . •. <ldt. l AY .l H ~> '. J\) · kil £8 .95. H d1

1
• 

~ · I £4.95 . . \Y . ~ HhdU ... k1t £12.50. R.u l tl~J '.11 ~ 
. ' P . k •t £17.90. S tU!" [ { ',' ( It• ,"t l! p . ki t £10.90. 

TRAN SFORME RS 
h t ) tl '. 1 \ l() flld 74p. ) .l £2 .35. l l 3\f 1 <1 £1 .89 . 
' I l! lj \ /

1
lnl, l 74p. l.r £2 .. ' .1 £2 .60 . 1 :• () 1 :' ·. 

' t H • m .~ 90p . 1 n £2.49 . 

J .P.S. 60 60 Watt . 

J .P.S. 100 100 Watt. 

J .P.S. 150 150 Wa tt. 

IC AUDIO A MPS 
. or i>• h .J: - 1/fi \A.. £1 .60. ll. 't t l(JV\ £2 .95. S Pnd 

-. .IPto r J, ll, l 

BA TTER Y ELIM INA TORS 
i ~'\ .t y tytlf ' t • 7' . 9 \ · 300mil £2 .95 . l l)()nld r,Hf h • 

:11 St u d' 9V £3.35, 9 + 9V £4 .50. 
h 7 9V 400m cl £5 .30. 1)\· r; ll 

ti 1 ' 9 \1 8t1llm a £2.50. 

BA TTER Y ELIMINATOR KITS 
..... . n ,! ... . 1c r,,, rl.n a 1 OOm<~ r.1d 1o tvp·~ ~ wr1 11 P•• ·:-,~ 

. ,, r!.,. .1 ' : v £1.40, b v £1 .40, 9\: £1 .40, .; ·.-+ 4 . 'v 
El .80, t ~ • f1V £1 .80. q + 9V £1 .80. S t rt tJd•t•·cl 
.-: .· . .1 v:. P•""· 3 -i f> I 9 1 :) 1 5 18 V 1 O(J m ;t 

£2 .80, 1 Anq · £6 .40. Stfll ll hSPc! j)O ifll€ r k rh :• 18V 
! t.l ~ 1

11
1<+ £3.60, :> J ( l\.' 1 •'\ £6 .95, "2 3U'v ;> A £10.95 . 

1
. ' p r ·rn t v!~ttl' r 6 7 9V 1A £1 .35 . 

T-DEC AND CSC BREA DBOARD S 
o Q, ., £3 .1 7. T Q,.,. £4.02. U D· ·ca £4 .40. lJ Q,.,.,, 
£6 .73 . 1 ti rl il ...l.d,i plnr £2 .14. Exp .i O (J £6 .21, E ~ p 
li · , £3.40, e,, , 6 5o £3.89. bp 4 H £2 .48. 

81-PA K AUDI O MODULES -
', .l!o ' £23.51. ·\lfi <l £4 .86 . PA'IlO £16 .95 . 
o i ·.V .;<: £4 .47 . B.V T J O £5.95 . S: v <co .JU £20.1 2. 

SWANLEY ELECTRONICS 
Dept. WW, 32 Goldsel Road, Swanley, Kent. 

··. , ..., ; ~()p t ' \f • . t P· u ' '" n ~ t 'l ud t• V I\T 

Mavhl! rh t.'V l ikf 'd th l-' compl-.1t i t iVP. fH JCP.S nf our modul~ ~. or thf! fact tha t all modules havP. a frP.quP.ncv 

rl-!sponse from 20H? to 22k J-I .~ 0.2d8, :1 sli•wmg ra t1.' niB volts pt.•r m icrmw c ond , inp ur SP.nsitiv, t v n f OdB f0.775VJ, 

a damp ;n_q factor _qrP.rHf!r rhan 400 tn 1kH? aod a totcJI h a rm o n, c: d 1.Hor tmnlt.'SS thrin 0 .055°;) at 7kHz Power supp lies ava ilniJ it> to sutt Gill modules . Sf! ntl fw 

fur ther mfurmat to n r)n ow 1 dnge of pre cu npl 1f+et 

m odu les. JPS nrot.l ucts <ue now stock l:)d at thl• d rs1 

r dlu tors shown below F ur t 'H~ r informa t ron on ctll 

prod ucts avarl ab le c.Jrrec t f rom J PS A ssoc.:ratcs u· 

Or co u ld t t b r• rh ,-, ; th11v wf' n f fo r tht! n.ohnh1h ty and th•· r:om('lrf.'htN1S I Vt ~ pro tt.'Ct io n c~rcu itr v. Th f.'ll thP. r• o; 

, rht.' lu ll 2 y t.•;Jr qu.uc~nt'' ' ' 'Nh l(:h ilcc:nn lp an ,,!s o ur r;m_q1 • ol rnod ult:'5 . 

OR PERHAPS .. .. .. .. THEY JUST LIK EO THE SOUNO OF US ' v r e~ reader repl y St:! t vt ce. 

J .P.S. ASSOCIATES 

(iASTONKI LN LTD .) 

BELMONT HOUSE 

STEELE ROAD 

fJARK ROYAL 

LONDON NWlO 7AR 

Tel : 01-961 1274/5 

A ll modules are made rn .thl-' Un+ted K rngd •Jrn 

T S.RAD rO 

,~~~8e~~~g!~~~ s~~e r k . 
Denmark . 
T et. 103 1 12 07 39 
M r . O te Juut -M o tl e r . 

Sludelek Eiekl ro n•ka 
'•ens.eslr aa tL 60 
3000 Leuven Belo•unl 
Telf01bJ L345S4 
Contacl Mr L,os.,.. ."" '" 

I;£!0XF(JB.!?_C I,J ~T_9~1- ~Qill.IC 
fi 4 Lo ndo n Roarr 

T el 0 5 3 3 53R 4 G5 

M r Ph •• C ro xl o• d 

~~.NS I Qg __ f:., UD !_Q.-J!i. .b..I_g 

29 The Prornenadft 
G lo ur. este r R oad . 
B n sto t BS 7 BT Z . 
Tet . 0 2 77 4 16 66 
M r. Pe t er H Hnn a y 

WW- 069 FOR FURTHER DETAILS 

B_ != ~W . AUDI O VI SUAL_ 

126 Char ~r q:r Cro..;~ Rai!rl 
Lond o n 
w c 2 
l p t 0 1 AJG :? 3 72 
M• J oh n Co w.u, 

~TMOSPH E R E L T G . & SOUNQ 

1:1 7 Ner~o n S t rou t 
Ah cr d ee tl 
~ : , · o t la ml 

ff! l 0 2 2 4 57:-'I!') Q!i 
M• . KP ,t ll M .1 "1 
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NRDC-AMBISONIC UHJ s:.2020TA STEREO T ER/AMPLIFIER KIT 

~s 

.... Ji;! t'" ~~ 

~~lllalK'JJ.:I)~U*l"'•~~> ·. ~~~ ll! . ,_,,j. 
. . 

-SU-RROUND SOU_ND DECODER 
. . . 

The first ever kit specialy produced by Integ rex for this British NRDC backed surround sound system which is the result of .7 years' research 
by the Ambisonic team. W.W. July, Aug., '77 . . · . . 
The unit is designed to decode not only UHJ but virtually all other 'quadraphonic' systems (Not CD4), including the new BBC HJ 10 input: 
·..::Aiections . . . . · . .. , 
.The deccider is linear throughout and does not rely on listener fatiguLn_g_logic enh_ancef!lent_techl'!ique~. Both 2 or 3 input signals and 4 or 6 
output signals are provided in this most versatile unit. Complete with mains power supply, woo~e~ cabinet, panel, knobs, etc. . 

· Complete kit, i'ncluding licence. fee· £49.50 .+ VAT 
or ready built and tested £67.5.0 + VAT ··. 

•, 

.. NEW~SS050A.S.TEREO AMP. 
50 watts rms-channel. 0 .015'% THD . S/N _90 dB, Mags/n eo dB.: 

Tone cancel switch -~ 2 tape monitor switches. 

. Complete kit"only £63 .. 90 _+ VAT . . 

:wirelesS' World .. Dol_by~oise reducer 
r•• •. 

trademark of Dolby Laboratories Inc. 

Featuring: 

e switching for both encoding (low-level h.f. compression) and decoding 
• a switchabfe f.m .stereo multipfexand bias filter. __ _ 
e provision for decoding Dolby f .m. radio transmission's (as in USA). 
e no equipment needed for alignment . . 
e suitability for both' open-reel and cassette tape machines : 
e check tape switch for encoded monitoring in three-head machines . . 

Typical perfo-rmance · 
Noise reduction better than 9dB weighted. 
Clipping level 16 .5dB above Dolby level (measured 
at 1 o/o third harmonic content) 

Harmonic distortion 0.1 o/o at Dolby level typically 
0 .05% over most of band, rising to a maximum of 
0.12% 

Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal 
at Dolby level) at Monitor output 

Dynamic Range > 90db 

30mV sensitivity. 

Complete Kit' PRICE: £43.90 + VAT 
'Also available ready built and tested . ... ....... ·. . . . . . . . . . . . . . . . . . . . . . . . _.- . . Price £59.40 +VAT : 

~Calibration tapes are available for open-reel use and for ·cassette (specify which) ........ - . Price £2.40 VAr * 
Single channel plug-in Dolby@ PROCESSOR BOARDS (92 x 87mm) ~ith - gold plated ~~ntacts are available with · 
: all components ..... ..... . .. . . .. ...... . ......... ·, _ .. · ... . : . .... , ...... Price £'9.00 +VAT i 
Sin~le chann~l-boa~d with selected Jet .} . ....... .. .. .. ... _ . . . . . . _., ........... ..... Price £2.75 +VAT-;. 
Gold Plated edge connector ...... .... ......... . ..... : ....... · .. .. · ... · ...... Price £1.75+VAT* 
S-elected FETs 65p each+ VAT, 110p_ j" VAT for tvvo, £2.10 + ·vAT for fou:.. _ ~· ·E. 

Pleas~_~_g_ci__\(@. _@_1 2v2% unless marked thus", when 8% appl_i-es (or current rates) . ·~ i ~ 
(We guarantee full after-sales techn. icai and ser_v_ i.e_ in . . g faciiities on all. o_ ur kits, have I ~~~ 
_ you checke~ that thes~ sen'._ices are availa~le from other suppliers? _; · ·• 

'INTEGREX LTD. 
f-1/ease send SAE for complete 11sts ana specifications 

·Portwood industrial Estate, Church G-resley, 
Burton-on-Trent, Staffs DE11 9PT 
Burton-on-Trent (0283) 2_15432 Telex 377106 

[ SOLID MAHOGANY CABiNET I 
A high-quality push-button 
FM Varicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
Amplifier. 

:Brief Spec.- Amplifier Low fieid .Toroidal transformer, Mag,· input, Tape--in/Out fa'cifity (for noise reduction umt 
etc .), THD less than 0.1% at 20W into 8 ohms. Power on/ off FET transient protection . All sockets, fuses, etc., are PC 
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF, 
liNTE_RSTAJ_IO.N M.~J~, and phase~locked IC stereo dec<?der. __ LED tuning and stereo indicators. Tuning range 
88-104MHz. 30dB mono SIN@·~ .2.uV. THO 0~3%_. Pre-de~oder 'birdy' filter. PRiCE: £59.95 +VAT 
Nelson-Jones Mk. 2 Stereo FM Tuner Kit . Price: £69.95 +VAT. 

NELSON-JONES .MK. I STEREO F-M TU-NER K.IT 

A --,iery---high performance tunei 
with dual gate MOSFET RF and 
Mixer front · end, triple gang 
varicap tuning, and dual ceramic 
filter/duaiiC IF amp. 

~rie£Spe~ Tunirii rnngiaa~104~~·i:. ~2~0~d~~~-~.-~~-~o~~~~=- ~~~~~~~~~~~~~~~~~~~ 
quieting@ ~ . 75,uV. Image rejection - 7~~8. IF rejection 
._ 85dB. THO typically 0 .4%. . 
.IC stabilized PSU and LED tuning indicators . Push-button 
. tuning and AFC unit. Choice of either mono or stereo with 

Mono £36.40 +VAT 
With ICPL Decoder £40.67 +VAT-- . a choice of stereo decoders. · 

:Compare this spec. with tuners costing twice the price.:. With Portus-Haywood Decoder ·: · 
£44.20 +VAT .· 

' · sen~:30dB s;i\i-;n-ono@ 1.2~V 
THO typically 0.3% · 
Tuning range 88-1 04MHz~---'--
,LED sig. strength and stereo indicato-r 

STEREO· MODULE TUNER-'KIT:, .. 
A low-cost Stereo Tuner based on the 3302. FI:T HF; 

module requiring no alignment. The IF comprises a ceramic 
filter and high-performance IC Variable INTERSTATION MUTE. , 

. PLt ·s!__~reo decoder /C. Pr~·decoder 'birdy' filter. · 
Push-butt_on tuning- . , ·~ · 

PRICE: Stereo £33.95 + VAT .. 

·s--2020A AMPLI,fiER KIT 
De-veloped in our laboratories from· the highly successful 

""':EXAN" design. PC mounting potentiometers, ·-· 
sw1tches, sockets and fuse~ are used for ease of 

assembly and to minimize wiring 
Power _'onl off' FET transient protection~ 

'Typ Spec. 24+24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input SIN 
7 2dB. Headp~or:'e output. Tape lr:' I Out facility (for noise reduc.t1o_n un1t etc .). 1 oroidal mains transformer. · · 

PRICE: £35.95 + VAT 

.BASIC NELSON-JONES TUNER KIT £15.70 +VAT .PHASE-LOCKED IC DECODER KIT . : . £4.47+VAT 

~ASIC MODULE TUNER KIT (ste.reo) £18.50 +VAT :PUSH-BUTION.UNIT --............ · .. £6.00 +VAT "' 

PO-RTUS-HAYWO.OP PHASE-LOC~ED_STEREO DECOD_ER. KIT ... -...... · ....... -~ .. ... £8.80 -t'. VAT 

WW- 055 FOR FURTHER DETAiLS . 
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Z & ·1 AERO SE.RVICES LTD. RETAIL SHOP 
Head Office: 44a WESTBOURNE GROVE, LONDON W2 5SF 85 TOTTEN HAM COURT ROAD. W . 1 

Tel. 580-8403 Tel. 727 5641 Telex 26 1306 

SPECIAL OFFER OF BRAND NEW USSR MADE MULTIMETERS 

TYPE 
Sensitivity D.C. 
Sensitivity A . C. 
D.C. Current 
A .C. Current 
D.C. Volts 
A.C. Volts 
Resistance 
Capacity 
Accuracy 

Price complete with pressed steel 
carrying case and test leads 
Packing a-;,d postage · 

U4313 
20,000 o.p.v . 
2,000 o.p.v. 
60!!A-1.5A 
0 .6mA-1 . 5A 
75m V-600V 
15V-600V 
1K-1M 
0 .5fl F 
1.5% D.C. 
2 .5o/o A. C. 

£10.50 
£1.50 

U4315 
20,000 o.p.v. 
2,000 o.p .v . 
50!!A-2.5A 
0.5mA-2 .5A 
75mV-1000V 

. 1V-1000V 
3000-500k0 
0 . 5fl F -
2.5% D.C . 
4%A.C. 

£10.50 
£1.50 

TYPE U4323 
COMBINED WITH SPOT FREQUENCY OSCILLATOR 

Sensitivity 
Voltage ranges 
Current ranges 
Resistance 
Accuracy 

• Oscillator output 

20.0000 IV 
2. 5-1 OOOV A. C./ D.C 
0 .05-5bOmA D.C. on ly 
50-1MO 
5% F.S.D . 
1kHz 50 I 50 squarewave 
465kHz sinewave .-
modulated. by 1KHz squarewave 

PRICE, in carrying case, .complete with . leads and manual 
£8.00 

Packing and postage £1 .00 

THIS OFFER IS VALID ONLY FOR ORDERS ACCOMPANIED BY REMITTANCE 
WHICH SHOULD INCLUDE DELIVERY CHARGES AS INDICATED AND 8% 

V.A.T. ON THE TOTAL. 

TYPE U4324 

D.C. Current . 
A .C. Current . 
D.C. Voltage . 
A .C. Voltage 
Resistance 
Accuracy 

0. 06-0. 6-60-600mA-3A 
0 .3-3-30-300mA-3A . 
0 . 6-1.2-3-1 2-30-60-1 20-600-1 200V 
3-6-1 5-60-1 50-300-600-900V 
5000-5-50-500k0 
D.C. 2.5% A.C. 4% (of F.S.D.) 

PRICE complete with test leads a~!i!>_r.E3board storag~ 

case £9.50 Packing and postage £1.20 

TYPE U4341 
COMBINED MULTIMETER AND 

TRANSISTOR TESTER 

Sensitivity 
Current 

·Voltage 

Resistance . 
Transistors 

16,7000/V D.C .. 3,3000/V A.C . 
0 .06 -0.6-6-60-600mA D.C .. 0 . 3-3.0-30-
300mA A. C. 
0 .3-1 .5-6-30-60-150-300-900V D.C. 
1.5-7 . 5-30-150-300-750V A.C. 
2-20-200k0-2MO 

, Collector cut-off current 60!i A max 
D.C. current gain 10.350 in two ranges 

PRICE, complete with steel carrying case. test lead. battery 
and instruction manual £9.50 

Packing and Postage £1.50 

OUR 1978 CATALOGUE / PRICE LIST OF VALVES , SEMICo"NDUCTORS. 
PASSIVE COMPONENTS AND TEST EQUIPMENT IS AVAILABLE . PLEASE· 

SEND P.O. for £0.30 FOR YOUR COPY 
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OPTOELECTRONICS . "'""'" fjJ 
RED £0.10 ·==-GREEN £0.19 

HP5082· 7730 

3.-YELLOW £0.16 
£1 .15 

DL704 £1.15 
FND507 £1.05 

RED £0.14 
GREEN £0.19 
YELLOW £0.18 • DL704 Economy 

£0.75 
DL707 Economy 

£0.75 ~ 

VOLTAGE REGULATORS 

Pl•atic:TO 220 PI..UCT092 

Poaitiv• 

I 
Positive 

1 7805 £0.85 78L05 £0.40 
7612 £0.95 78L12 £0.40 
7815 £0.85 78L15 £0.40 
7824 £0.85 78L24 £0.40 

NegJOtive Neglltive 
7905 £1.19 79L05 £0.50 
7912 E1.19 79L 12 £0.50 
7915 £1.19 79L15 £0.50 
7924 £1 .19 79L24 £0.50 

•!11!~111 
380 14 Pin OIL £1.05 

- 381 .• 14- Pin.OIL £0.00 
387 8 Pin OIL £0.75 
555 8 Pin OIL £0.30 
565 14 Pin OIL £1.10 • 17• 
567 8 Pin OIL £1 .40 
741 8 Pin OIL £0.20 
741 T05 £0.25 ' 
748 8 Pin OIL £0.35 

3046 1~~:~g:~ \ 
£0.75 

3130 £0.95 
3140 8 Pin OIL £0.65 
3140 T05 £0.80 

8 Pin OIL £0.30 3900 14 P1n OIL £0.60 
8 Pin OIL £0.90 

14 Pin DIL £1.40 RAM 
14 Pin OIL £1.90 
14 Pin OIL £2.20 2102 . 450 nSec . £1.40 

-7400 0.12 
7401 0.12 
7402 0.15 
7403 0.12 
7404 0.15 
7406 0.25 
7407 0.25 
7408 0 . 14 
7409 0.18 
7410 0.12 
7411 0.18 
7412 0.20 
7413 0.36 
7420 0.12 
7425 0 .25 
7427 0.25 
7430 0.12 
7432 0.27 
7437 0.27 
7438 0.27 
7440 0.12 
7441 0 .49 
7442 0.50 
7445 0 .60 
7446 0.60 
7447 0.55 
7448 0 .50 
7450 0 .12 
7451 0 .15 
7453 0.15 
7460 0.15 
7472 0 . 27 

11~-t'll 
4000 0 .16 
4001 0.16 
4002 0.16 
4007 0.16 
4010 0 .45 
4011 0 .15 
4012 0.15 
4013 0 .36 
4014 0.90 
4015 0 .90 

7473 0 .27 741 5 3 0.65 
7474 0.27 741 54 1.05 
7475 0.33 74155 0.70 
7476 0.25- 74156 0 .70 
7480 0 .50 74157 0 .65 
7482 0.73 74160 0.70 
7483 0 .60 i4161 0.75-
7485 1.05 74162 0.75 
7486 0.30 74163 0 .75 
7489 2.45 74164 0 .85 
7490 0.34 74165 0.85 
749 1 0 .75 74166 1.25 
7492 0.45 74167 2.95 
7493 0 .45 74173 1.45 
7494 0.90 74174 1.05 
7495 0 .55 74175 0.90 
7496 0.55 74176 1.05 
74100 1.35 74177 0.95 
74104 0 .45 74180 1.10 
74105 0 .45 74181 2 .1 0 
74107 0.35 74182 . 1.20 
74121 0.30 74185 2.10 
74122 0 .40 74190 1.05 
74123 0 .52 74191 1.05 
74125 0.45 74192 0 .95 
74126 0.55 74193 0 .95 
74132 0.65 74194 0 .95 
74136 0.75 74195 0 .95 
74141 0 .60 74196 0.95 
74145 0.70 74197 0.95 
74 150 0 .90 74198 1.95 
74151 0 .55 74199 1.95 

4016 0.40 4046 1.35 
4017 0 .90 4047 0 .95 
4018 0 .90 4049 0 .50 
4022 0.90 4050 0.50 
4023 0.20 4060 1.15 
4024 0.80 4066 0 .70 
4025 0.20 4069 0 . 25 
4027 0 .55 4070 0.25 
4928 0.75 . 4076 0 . 20 
4029 1.00 4502 0.95 
403-3--1-:25 4507 0 .60 
4040 1 .00 4508 2.00 
4042 1.75 

C7205EN MULTITESTER 
20,0000PV 

£9.75 
P&P 75p 

AC volts · 0 to 10, 50, 250, 1000 
DC volts· 0 to 5. 25 , 125, 500, 1000 
DC current: 0 to 50 ua, 250 ma 
Resistance: 0 to 300 ohms. 6K. 30K 

6 meg ohms 
Decibels: - 20 to + 22 db 

-~ ·.:.::::~;5 
AC volts: 

DC volts: 

CO current· 
Resistance 

·Decibels 
Capacitance: 
Size : 

0 to 1 0 , 50. 100, 500, 
1000 
0 to 5. 25. 50, 2 50, 500, 

- 2500 
0 to 50 ua . 2.5 ma . 250 ma 
0 to 6K ohms, 6 meg ohms 
-20to+22db 
10 pl. 0 .01 uf, 0.1 uf 
4Vz X 3% X 1 inch 

£26:!15 
P&P 75p 

A sturdy and reliable instrument\ Has 
internal buzzer 

AC volts ' 0 to 2 .5, 10. 25, 100. 250, 
500, 1000 

OC volts 0 to 0 .25 , 1, 2.5, 10, 25 , 
1 00, 250, 1000 

DC current 0 to 50 ua. 5 ma, 50 ma, 
: 12 amp . 

Resistance· 0 to 6K. 60K. 6 meg, 60 

Decibels : 
Short test : 
Size: 

meg. 
-20to +56 db 
Internal buzzer . 
160X110X55mm 

L81 TRANSISTOR /DIODE TESTER 

£19.95 
P&P 75p 

Tesis 1CO. Alpha and Bet~. M~·asures 
parameters of transistors so that readings 
can be checked against~ manufacturers 
specification . Quick Test socket mounted on 
front panel. Full view meter for accuracy and 
easy reading . 
Dims.: 178 X 108 X 83mm 

TE20D R.F. SIGNAL GENERATOR 

a 
~· 

£57.00 
P&P £1 .25 

Accurately covers 120 KCS . To 500 MCS in 
6 bands 
Directly calibrated. Variable A.F. Attenuator. 
240v AC 
Oimens : 140 X 215 X 170mm 

,.~·--:~.95 
P&P 75p 

AC volts - 0 to 10. 50. 250. 1000 
QCvolts : Oto 10, 50.250, 1000 
DC current 0 to 1 rna. 100 ma 
Resistance 0 to 3K ohms 

0 to 1 50K ohms 
,Size: 2 x JV, x 1 inch 

OTARI 
DP4050 OCF 
IN CASSETTE 
DUPLICATOR 
Now with 3~ + 7% 
master capability 
and Ferrite heads, 
Duplicates 6 cass
ettes each run at a 
times speed. Over 
80 stereo C60 per 
hour: Unquestion
ably the finest in 
cassette copier avail
able from the 
world's largest .dup-
1 icator manufacturer. 

ORBAN 
from USA 

Du~l channel multispring. reverb unit. Each channel features four 
~yu1~gs .. - fa~ smooth~r than single spring systems. "Twang" and 
. bomg are v1rt~ally el1mmated by incorporating a floating threshold 

l1mtter. Bass, r:'ld-range EO and bandwidth controls. The best com-
pact _reverb un1t available. 

ITAM 882 
New Stereo Mixer, built 
to a specification not a 
price! Ultra low noise, 
-128dB. 8 inputs+B 
direct outputs, 2 outputs 
with VU ·meters. 2 
limiters. XLR mic inputs 
(balanced) . 3 band EO 
+mid sweep. 
£395+VAT 

AMPEX ATR~700 . 
Now~.every studio can afford · 
legendary Ampex performance 
and reliability. Fully professio
nal specification includiRg 
balanced inputs I outputs, Can
non connectors, variable tape 
speed, sel sync. The price will 
fit this year's budget, not next 
year's! Sole distribution by ITA. 

Th~ new 405 power amplifier is now in stock. 100 watts per channel 
-Simply the best, for £££'s less! Immediate Delivery! 
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MARCONI TEST EQUIPMENT 
T Fig 1 0 Deviation meter 
TF455E Wave analyser. New. £135 
TF 11 01 RC oscillators. £65 

P. F. RALFE-ELECTRON-ICS ROHDE & SCHWARZ EQUIPMEN 
10 CHAPEl STREET, lONDON, NW1 HUZ Field Strength Meter . 47-225MHz. 

j_:__--::-=-:::-=-::-:-:-::::-:-::=::~T~E=.::l-:_: ~0~1_:-:_7_::2_:::3:_R::.:· .:._72!:>:.:_~.:._ __ -:-----~ AMF TV . Demodulator 55-gOMHz . 
TF 1099 20M Hz Sweep generators 
TF1 041 B & C. VT Voltmeters 

TEST EQUIPMENT Selective UHF v/meter, bands 4&5 USVF. 
. ADVANCE Q-Meter type T1 £85 Selectomat. RF Voltmeter . USWV. BN 15221 · 

TF1102 Amplitude modulator. 500MHz GAUMONT-KALEE Flutter Meter . . . . . . · · · · · · · · · · · · · · · · · · · · £450 
HEWLETT-PACKARD 302A Wave-Analyser Standard attenuator .. 0-1 OOdB. 0-300M Hz . DPR · TF1 020A Power meter. 1 OOW. 250M Hz. £85 

TF1152A/ 1 Power meter. 25W. 500MHz. £75 
TF890A/ 1 RF test s~>t. £425 

RACAL type 801 R. ·1 OOMHz digital frequency meter UHF Sig . gen . type SDR 0 .3-1 GHz £750 
TEXSCAN X-Y oscilloscope. g.inch CRT UHF Signal generator type SCH . . . £175 

TF801 B/3S Signal generator. £175 
TF1064B/5 VHF . FM Signal generator 
TF1400 Pulse generator 

TELETYPE ASR33 now in stock UHF Test receiver type USVD .... · · · · £325 
SOLARTRON 1420. 2 digital voltmeter . 6 ranges to 1 KV POLYSKOP SWOB 1. 
BOONTON 80 Signal generator. 2-400MHz . £1051~-----------'----------
BOONTON 230A RF Power Amplif1er · · · · £325 KROHN-HITE 1 0 -Watt Amplifier DC-1 MHz . TF675F Pulse generator 

TF1370 Wide-range RC oscillator. £125 
TF2162. MF Attenuator 

8PL Capacitance decade (5) CD 133._ lOOpF-1 uF . . . . £45 
GERTSCH Frequency meter and dev1at10n meter 20-1 OOOM Hz £175 

TF1058 UHF / SHF signal generator 
TFgg5A/ 4 . AM I FM signal generator 
TF1066 AM/FM signal generator 
MARCONI TF144H I 4 Signal Generator 

HEWLETT-PACKARD sg5A Sweep oscillator ~~~ ==============::=~=====:=::===ll 
HEWLETT-PACKARD Sweep oscillator · · · · £ 350 SPECTRAL DYNAMICS SD104/5 

GR Impedance Br idge type 1 650A 

DERRITRON . Digital Wheatstone Bridge · · · · £ 110 SWEEP GENERATOR 

MUIRH-EAD K-134-A Batteryop : waveanalyser Sine / Square / Triangle outputs . Linear & Log 

ADVANCE CONSTANT VOLTAGE TRANS
FORMERS 

WEINSHEL PowerSupply Modulator M0
3 Sweeps . Sweep rate 0 .001 Hz / sec to 1KHz/ sec . 

Input 190-260V AC. Output constant 
220 Volts. 250W. £25 (£2 carriage) 

PYE RESISTANCE BOXES 
5 decade resistance boxes measuring from 1 1 . 111 
ohm to 0 .001 ohm £20 

NICKEL CADMIUM BATTERIES 

Metere~ frequency indication £250 

'CENTAUR' INSTRUMENT COOLING FANS 
Made by Rotron Holland. 'Phese are v.ery high 
quality, quiet running tans. specially des1g_ned for 
the cooling of all types of electromc equipment. 
Measures 4 .5 x 4.5 x 1.5in. 115V AC. 11 Watts . 
The list priceof these is over £10 each . 

Size 'D' (HP2) 4 A. H. £2 (pp . 20p) 
Size 'F' 6.00 A.H: £2.75 (pp . 25p) BRUEL & KJOER Vibration equipment 1018 

BRUEL & KJOER Frequency analyser 2105 

Also 23ov. AC available. 115V. £4.50 
(postage 25p). 230V £5 

BRUEL & KJOER Microphone amplifier 2603 £195. 
POWER SUPPLIES BRUEL & KJOER Type 3301 Automatic frequency response TEKTRONIX TYPE 556 

OSCILLOSCOPE WITH TYPES 1 A 1 and 1 A2 
PLUG-IN UNITS. First-class condition through
out. 

FARNELL Switching power supplies 5VDC . 1 KW recorder 200Hz. £750. 
ADVANCE RMA20. 0-7V@ 20 Amps. £39 MUIRHEAD-PAMETRADA D489EM Wave Analyser 

Both brand new. boxed. with book . TEKTRONIX 555 scope with plug-ms types CA (2 off), 21, 22 
APT1045g18. 12.5V-14.5V.DC@5A £25 TEKTRONIX515AOscilloscope . . . 
APT1 0459 I 13. 24V (var) 5A £25 TEKTRONIX 545 main frames. £210. Cho1ce of plug-m Llnlts 

I~====:::::::~(=A~II~i~te~m~s~+~£~1~c~a~r~r.~):::;:=::;=;=;::;;=- ~~t~~RONIX 585A oscilloscope with '82 ' P.l. DC-80MHz 

BECKMAN TURNS COUNTER DIALS TEKTRONIX type 561 A DC-10M Hz .... . £350 

BRYANS 21000 Auto Plotter. X-Y-T Recorder 

PACE ELECTRONICS VARIPLOTTER 
Type 1100E . .. .. .. . .. . £175 

Miniature type (22mm oiam .). Counting up to TELEQUIPMENT DM53A Storage oscilloscope 

15 turn "Helipots:·. Brand new vvith mounting TEKTRONIX 556. 50MHz oscilloscope MUIRHEAD DECADE OSCILLATORS Type 
instructions. Only £2.50 each. NOTICE. All the pre-owned equipment sho."':'n has been 890A. · 

Wandel & Gotterman Equipment carefully tested in our workshop and reconditioned where 1Hz-110KHz in four decade ranges. Scope 
Level Meter 0.2-1600KHz necessary. It is sold in first-class operational condlt.lon and most monitored output for high accuracy of 
Level Oscillator 0.2-1600KHz items carry our three months' guarantee . Calibration .a.nd frequency. Excellent generator. 
Level Transmitter 0 .3-1350KHz certificates can be arranged at cost . Overseas enqu1r1e~ IL--------------------
Carrier Frequency Level Meter welcome. Prices quoted are subject to an additional 8% VAT. 

SOFTY the all in one . Development And Training Aid with 
Software-Firmware Copier and Programmer 

* Execute programmes on TV screen_ by resident micro
processor programme will halt .and dtsplay contents of all 
internal registers at set break pomts. 

* Develop your firmware on TV screen with true memory 
mapped hex' display with block shifts. displacement 
calculations. insertion and deletion. byte match1ng and 
other assembler functions . 

* Produce your firmware with high speed on board EPROM 
programmer, approx. 2 mins. for 2708. Also handles 2704 
and 2716. 

* Replaces monitor or debug programme . 

* Plus many other standard features, including high speed 
cassette interlace and user programmable function keys. 

* Universal Monitor which can be directly connected to ANY 
external microprocessor in system situ for firmware deve
lopment (written by resident micro and executed by external 
micro) . 

SOFTY is equivalent to Development Systems costing thou
sands of pounds. Yet SOFTY only costs you for kit and full 
instructions £99.95 plus VAT. built and tes.ted- £145 plus 

VAT. Full details available on request or send cheque or P. 0. 
to: 
VIDEOTIME PRODUCTS 
56 Queen's Road, Basingstoke, Hants RG21 1 REA 

Tel: (0256) 56417: Telex: 858741. 

We welcome Barclay & Access Orders by telephone . 
(Trade and Export enquiries welcome) . 
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G STEREO DISC ASTONISHIN AMPLIFIER 2_ 
FOR BROADCASTING . DISC MONITORING AND TRANSFER_ WITH THE. HIGHES; 
QUALITY Stereo Disc Amplifier 2 is a self-contained mains-powered un1t wh1ch accep s 
cartridge inputs and produces balanced l1ne level oulputs . Permanent rumble ftltenng 

~~~~:~~~~~t~~~~~~:~~~:n(~oir\1~~~~~a~~ and Dyna~i'Zi'Mo: Cartridge imp;dance interaction, etc 

see December, page 122)1 kHz at OmV set for OdBV . 7 uutout. loaded 6oq Ohm~ .. 
Frequency R...,on• Accuracy retattve to in~erse of IEC98-4 record charactenst1c 
30Ht-20kHr Withtn 0.5dB 
Low Frequency Response 
18dB/ octave . 
High Frequency Filter 
Front ptuwl swrtr h 1OkHz. 18dB I octave 

I; ~-., ~ ti1 clll 0 ~(/8 Ch;mgr rn H!Sponst! ilt 8kHz nr be low 
Noise :l ()H 1 20kHt CCIR4!-\H .' wt q 

11:\..'dllldB I il 'l d jWOlk ll 1t.'lt• l 

Sl.lort.crrcurtn1put . 1H + 1kOhm =;~:~ : ~ ~ ~~~:0 · ~ 
~~~~ ~~.::~t~r.~ei~~~~=;field strength of+ 100dB~ V /m. 84MHz. 100% amplitude modulated by 1kHz 

sme wave 
Output level 1 · ..;-.. ! 11,11 ' iOd{j l; 1 

Outputs - Etecl rt• ruc, ,l ly b il l;lllC(!cl Source rm~ance 50 Ohm~. prot~tedagainst 

1 ! r Outlet Drstrrbut ,on A mplr frer 2 * Pcar~i'~{l~ll~~~~~ ~~\~~e~~ep,~~~r~n~~ h~,;?h" nr~r. t twr " . ·:nd·r:PM. r 

IE C:J 68 1 OA Drrvr ~ Crrcurts *Peak Oevrat r•rll Mt'lt~ r * P:oo r ; m ,mt~ ,I!Hl Dnvr.lt ru rl Ll•af! ll h t rd • 

SURREY ELECTRONICS 
The forge, Lucko Green, Cranleigh, Surrey GU6 7BG. Tel. 04866 5997 

·sanwa from 
At above address 

1 ,OOOs in 
stock from: 

WIRELESS WORLD . APRIL 1979 

15 240 Watts! 
HVS 
Preamplifier 

HY30 
15 Watts into· 80 

HVSO 
25 Watts into 80 

HY120 
60 Watts into 80 

, The HY5 is a mono hybrid amplifier ideally suited for all applications All common input functions.., 
,.(mag Cartrid~e . tuner . etc .). are ca tered for internally. the desired function is achieved either by a 
mu lti-way switch or directconnection to the appropriate pins The internal volume and tone circuits 
merely require.connecttn~: to external potentiometers (not included) The HY5 is compatible with all · 
I.L.P. power ampltf1ers and power supplies To ease construction and mounting a P.C. connector is 
supplied with each pre·ampltfier. 

FEATURES: Complete pre-~mplifier in single pack ·-Multi-function equalization ·- Low no ise - Low 
distortion ·- High overload ·- two simply combined for slereo 
APPLICATIONS: Hi-Fi ·- Mixers ·- Disco ·- Guitar and Organ ·- Public address 

·SPECIFICATIONS: 

:INPUTS Magnelic . Pick·UP.3mV Ceramic Ptck -up 30mV: Tuner 1 OOmV· ·Microphone 1 OmV; 
· Auxtltary 3-1 OOmV: tnput impedance 4 7k•.) at 1kHz 

OUTPU TS Tape 1 OOmV; Main output 500mV R M S 

··;ACTIVt TONE COriJ'rRClLS "Treble - 1 2dB at 1 ClkHz : Bass ~ at 1OOHz 
·DISTORTION D 1% at lkH7 Signai ! No tse Ratto 68d8 
OVERLOAD 38d8, on Magnetic Pick-up SUPPLY VOLTAGE ": 16 50V 
Price £6.27 + 78p VAT. P&P free. 

' HY5 mounting board B 1 48p + 6p VAT P&P free . 

The HY30 is an exciting New kit from I.L.P . . it features a virtually indestructible I.C with short circuit 
and thermal protection . The kit consists of I C .. heatsink . P.C. board . 4 resistors . 6 capacitors , 
mounting kit . together with easy to follow construction and operating instructions . This amplifier is 
ideally suited to the beg inner in audio who wishes to use the most up-to-date te.chnology available 

; FEATURES: Complete kit ·- L0w Distortion ·- Short . Open and Thermal Protection ·- Easy to Build 
APPLICATIONS: Updating aud io equipment ·- Guitar practice amplifier ·- Test amp lifier ·- Aud io 
oscillator 
SPECIFICATIONS: 
OUTPUT POWER 15W R M .S. into 8•.) . DISTORTION 0 1 'Yu at 1 5W 
INPUT SENSITIVITY 500mV. FREQUENCY RESPONSE fOHz-16kHz - 3d8 
SUPPLY VOLTAGE :<: 18V 

Price£6.27 + 78pVAT. P&Pfree. 

The HY50 leads I.L.P ·s tota l integration approach to powe r ·amplifier design . The amplifier features an" 
integral heatsink together with the simplicity of no external components . During the past three years · 
the amplifier has been refined to the extent that it must be one of the most reliab le and robust High 

· Fidelity modules in the World • 

FEATURES: Low Distortion ·-Integral Heatsink ·-Only five connect 1ons ·- 7 Amp output transistors 
·- No external components 

APPLICATIONS: Medium Power Hi-Fi systems ·- Low power disco ·- Guitar amplifier 
SPECIFICATIONS: INPUT SENSITIVITY 500mV 

OUTPUT POWER 25W RMS in 8•.1 LOAD IMPEDANCE 4 -16•.1. DISTORTION 0 .04% at 25W at 
1kHz ' 

SIGNAL/NOISE RATIO 75dB. FREQUENCY RESPONSE 10Hz-45kHz·- 3dB 
'SliPP~.J.:"illTI'GE-=25~-~.!f{ _lO_i_~ . ;15mm 

· !'rice£8.18 + £1 ,02VAT. P&Pfree .. 

The .HY120 is the baby of I.L .P 's new high power range desi.gned to meet the most exacting 
requtrements tncluding load line and thermal protectton , th1s amplif1er sets a new standard 1n modular 
design 

FEATURES: Very low distortion ·- Integral Heatsink ·- Load line protection ·- Thermal protection ·
Five connectio ns ·- No external components 

APPLICATIONS: Hi-F, ·- High quality disco ·- Public address ·- Monitnr ampl ifier ·- Guita :· and 
organ . 
SPECIFICATIONS : 
INPUT SENS ITIVITY 500mV 

OUTPUT POWER 60W RMS into 8•.) LOAD IMPEDANCE ,4·1 6 \2 DISTORTION 0 04% at 60W a.t 
1kHz. 

SIGNAL/NOISE RATIO 90dB. FREQUENCY RESPONSE 10Hz-45kHz ·-3dB SUPPLY VOLTAGE 
.:!:35V . ' 
Size : 114 x 50 x 85mm. 

P~i-;;e i19.0l +- £1.52 VAT. P&P free. 

H Y 2 0 0 The HY200 now improved to g ive an output of 1 20 Watts has been designed tci stand th e most · 
rugged conditions. such as dtsco or group while st ill retaining 'true H t·Fi performan ce 
.fJ.AT.URES: ThP.rmal shvtdown .:. very 10w d1stort1on ·:-Load) line protect ton ·- Integral He;;\sink 

120 W tt • t 8 o No',; external compon!?nts . a s In 0 . APPLICATIONS: Ht'-Fi ·- Disco ·- Monitor ·- Power Slave ·- Industrial ·- Public address 

HY400 
240 watts into 40 

POWER 
SUPPLIES 

SPECIFICATIONS: 
INPUT SENSITIVITY 500mV 

OUTPUT POWER 120W RMS into 8•.) LOAD IMPEDANCE 4-16•.) DISTORTICJN 0 .0'5 % a1 1 OOW <It ' 
1kHz 

SIGNAL'NOISE RATIO 96dB . FREQUENCY RESPONSE 10Hz-45kHz ·-. 3dB . SUPPLY VOLTAGE I 
~ 45V 

SIZE 114x 100x85mm. 
y-;.;C:e.£2?.99 + £2.24 VAT. P&.P free. 

·rhe HY400 is ILP.·s " Big Dad'dy " _bf the;range producing 240W into 4()1 It nas been de.signed for~ 
ht[]h nnwer rl iSCO or r>ubltc address appltca 't lons If the empldrer is to be used at continuous fi'lgh power' 
levPI ' ;, r.ool111g f~n ,,; recommended The amp li:1er Includes all the qualities of the rest of the family 10; 
lead the market as a true flCfl.~PO"Yer hi-f.ideli~y _ppwer module . · 

FEATURES: Thermal shutdown -- Very low distort1on ·- Load ltne protecti'on ·- lli'o eXIernai· '--,--------------------· 
componen1s 

APPLICATIONS: Public address . .., Disco ·- Power slave :_ Industrial 
SPECIFICATIONS: 

, OUTPUT POWER 240W RMS into 4•.') LOAD IMPEDANCE 4 -1 6•.) DISTORTION 0 . 1% at 240W at; 
1 kHz 

SIGNAL! NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz-45khz ·- 3dB . SUPPLY VO LTAGE 
-45V 
INPUT SENSITIVITY 500mV . SIZE 1 _14 ~ 100 x 85mm 
Price £38.61 + £3.09 VAT. P&P free. 

PSU36 suitable for two HY30' s £6.44+ 81 p VAT 
PSU50 suitable for twc HYSO's £8.18 + E:1 .02 VAT 
PSU70 suitable for two HY120 s £14.58 + 1:1.17 VAT 
PSUgDsuitableforone HY200£15.19 + E121 VAT 
PSU180 suitable for two HY2000's or one HY400 £25.42 + F.26J;vin 

TWO YEARS. GUARANTEE ON-ALL OF OUR PRODUCTS 
I.L.P. Electronics Ltd. 
Graham Bell House 
Roper Close 
Canterbury 

Please Supply ___________ . 

T ota I Purchase Price _______________________ _ 

I Enc lose Cheque 0 Postal Orders 0 Money Order 0 
Please debit my Access account 0 Barclaycard account 0 

Kent CT2 7EP 
Tel (0227) 54778 

Account number __ 
Name & Address 

Signature ________________ _ 
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J. L. Linsley-Hood High Quality 
Cassette Recorder 

we ar~ the Designer Appro~ed suppliers of kits for this excellent design The Author's 
reputation tells -all you need to know about the circuitry and Hart expert1se and experience guarantees the engineenng des1gn of the k1t . _-Advanced features mclud~. 
High quality separate VU meters .w1th excellent ball1st1CS. Controls, sw1tches and 
sockets mounted on PCB to eliminate difficult wiring . Proper moulded escutcheon 
for cassette aperture improves appearance and removes the need for the cassette 
transport to be set back bo;Jhind a narrow finger trapp ing slot . Easy to use . robust Lenco mechanism Sw1tched b1as and equaltsatton for d1fferent tape formulations. 
All wiring is terminated with plugs and . sockets for easy assembly and t es t . 
Sophisticated modular PCB system g1ves a spac1ous, easily built and tested layout._ 
All these features added to the h1gh quality _metalwork make th1s a most sat1sfy1ng k1t 
to build. Also included at no -e.xtra .cost is our new HS _1 5 Sen dust Alloy record /fplhay head available separately at £7.60 plus VAT. but mcluded FREE as part o t e 
complete kit at £81.50 plus VAT. _ _ . 
REPRINTS of the 3 articles describing this des1gn 45p No VAT 
REPRINT of Postscript article30p No VAT 

TEST CASSETTE TC1 
Special Hart Copyright test tape makes it easy to set up VU level. head azimuth and 
tape speed. without test instruments. Suitable for any cassette recorder . Complete 
with instructions £2.50 inc VAT . 

VFL 91 0 . Vertical Front Loading Cassette Mechanism. Features include: Tape 
counter , record. interlock. FG servo drive motor. full auto-stop pause control, mutmg 
switch . oil damped cassette door. 09% W&F , f1tted with HS15 head . L1m1ted 
supplies . £31.99. 

OPTIONAL EXTRAS . Set of six knobs . £1.49. 
Auto-stop reed and mounting kit. £0.90. 

PLASTIC ES.CUTCHEON 
Suitable for CRV and CT 4 mechanisms. As used on our cassette recorder, complete 
with mounting screws £1.99 plus VAT. · · 

CASSETTE HEADS 
A large ra~ge ofcassette headsfor domest iC, industrial and audio visual purposes is 
available from us . The very best stereo head that we can fmd IS our H .S.1 5 Sendust 
Alloy Super Head . This has an even better high frequency response t~an our HS 14 
wh 1ch it replaces. Unlike cheaper and ferrite types th1s excellent htgh frequency 
performance is combined with a high output , thus mamtatmng· the best poss1ble 
signal to no1se rat1o Price £7.60 p l us VAT . . 
4-TRACK Reco-rd 1 play head. Scans all 4 tracks on cassette tape Su 1table for 
auto-reverse mechanisms . film sync , quadrophonics, and many other purposes. 
Standard impedance £7.40 plus VAT . 
Full details of these and other heads are in our lists. 

LENCO CAS.SETTE MECHANISMS 
W e hold stocks of a range of Lenco tape t r ansports for all uses. we can also supply 
spare parts . For example : . · 
CRV Motors complete t4.00 plus VAT 
CRV Drive Bel ts 90p plus VAT . 

CASSETTES 
Our laborato ry tests . o n r ecorders made us realise how important the choice of 
cassette is. Wow and flutter is obviousl y affected by the qual 1ty of the housmg but the 
performance differences caused by the tape are enormous . lt _is possib le .to record a 
s ignal at the same level on two different cassettes one of wh1ch will replay at a V~ level 1 Odb h 1gher than 'the other . Poor ta_pe can also lose all stgnals above 8KHz . 
These tests enable us to offer what we think is the best value available The tape IS a 
Super Ferric High Energy Low Noise formulation . 

C90 BOp } . Complete with l;brary "ase and index card 
C60 60p 

Complete_il} lib.rary. .ca.se . Su1table for Mic ro Programming . C10 35p 

ALL UK ORDERS ARE POST FREE 
Please send 9x4 SAE for lists giving 'tu l ler de tai ls and price breakdowns 

HART 
ELECTRONICS 

Penylan Mill, Oswestry, Salop 
Perso nal cal lers a re always welcome . 

but please note we are closed all day Saturday 

E. -. 

. 
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WHARFEDALE DENTO'N 
2XP SPEAKER KIT 
Impedance 4-8 ohms. 
Maximum input 25 watts DIN per channel. 
Typical enclosure size 355 x 246 x 222 mm. 
Frequency response in typical enclosure: 65-
20,000 Hz DIN. 
Kit comprises: Two 8" base drive units, two 
2-way crossover units, two tweeters. Assorted 
hardware. Instruction manual and template . 

. Price £24.95 per pair. Plus post and pack £2.50 
WHARFEDALE LINTON 
3XP SPEAKER KIT 
Impedance 4'-8 ohms. 
Maximum input 30 watts DIN per channel. 
Typiql ~nclosure size 476 x 264 x 240 m.m. 
Frequency response in typica l enclosure: o0-
20,000 Hz DIN. 
Kit comprises: Two R" base drive units. two 4" mid-range units. t\\W 
tweeters, two3-wav crossover units. assorted hardware. Instruction manual 
and tempiate. Price £37.95 per pair plus post and pack £2.50 
WHARFEDALE GLENDALE 3XP SPEAKER UNIT 
Impedance 4 -Bohms. 
Maximum input 40 watts DIN per channel. 
Typical endosure size 560 x 305 x 265 mm. 
Frequency ·response in typical enclosure : 50-1,900 Hz + 3 dB. _ 
Kit comprises: Two 10" base drive units, two 4" mid-range drive umts, two tweeters. two 
3-way crossover units, assorted hardware. Instruction manual and template. 

Price £54.95 per pair. Plus post and pack £2.50 
All UNITS SUPPLIED FULLY GUARANTEED Also available fr;m all our branches. 
HI-FI CARF.lRETAIU LTD. . ~'!~,~ •. ~ ,227 and 231 Tottenham Court Road, London, Wl, England 

MAIL ORDER DEPT. WW4 
Phone OI-580 4534 and 01-580 7592. 
Access and Barclaycard orders can be made by telephone on 01-580 4534 . 

Cheques made payable to Hi~Fi Care (Retail) Ltd. 
Postal address: Hi-Fi Care (Retail Ltd.) 
Dept. WW, 245 Tottenham Court Road, London WI P 9AD 

'----1.1-. AI?I~<; SPECIALISTS 11' CAR T RID<; f:S. STYLI A:\IJ Al ' lJI() ACCI-.SSORII·.S 

LA·3 
L•ne A~_Ttp l ifier Transformer 
Balanced 600 ohm au lout 

Pre-amps 
Balanced low impedance for microphone. high 
impedance genera l purpose. RIAA Phono . NAB 
tape (1 % _. 3 :Vo. 7\',. 15 ips) 

Equalizers 
Active (bass. mid-range. treble) high pass filter 
low pass ·fllter 
Other Modules 
Line amp. power amp. compressor. sine wave 
oscillator. plug-in power supply 
Ac.cessories 
Sheet melal. sockets. slide pols . 
Low d•storl1on < .. 1 % . low noise. bi-fet op -amps. 
high slew rate . single supply (9-36 volts DC I. plug- in 

Engineered 12931 Budlong Ave .. 

Low Impedance 
Microphone Pre -amp 

PS-1 
Power Supply 

24 volls DC 
regulaled 1201 240 

VAC in pul 

• • • 

SEND FOR YOUR FREE COPY 
OF OUR NEW CATALOG lBiJ " Qualify I ~~~~~5~~C-

Sound Gardena. CA 90247 U.S.A. 
P d I 

.. (2131 770·3510. (800) 421-1828. ro uc s TWX (91 0) 346-7023 

Weaf!;o manulac ture 
aud1otranstormers . 

snakes. di1ectboxes 
andmic-sphtters 

WW-008 FOR FURTHER DETAILS 
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Type 
1 
2 
3 
4 
5 
6 

7 
8 
9 

1D 

11 
12 
13 

14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

PLEASE ADD 8% TO _ALL ORDERS INC. CARR. 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
OPEN TYPE TAG CONNECTIONS 

ALL PRIMARIES 220-240v 

Sec Taps Amps Price Carr 
24-30-40-48-60v 12 £21.74 £2.00 
24-30-40-48-60v 10 £211.25 £2.00 
24-30-40-48-SOv 8 £23.65 £1 .75 
24-30-40-48-60v 5 £13.95 £1.75 
24-30-40-48-60v 3 £10.64 £1 .00 
24-30-40-48-60v 2 £7.80 £1 .00 

6-8-IQ.12-16-18-20-24-36-40-48-60v 
CAN BE OBTAINED FROM THE ABOVE RANGE 

19-25-33-40-SOv 10 £23.25 £2 .00 
19-25-33-40-SOv 6 £15.88 £1 .50 
19-25-33-40-50v 3 £8.45 £1 .25 
19-25-33-40-SOv 2 £7.80 £1 .00 

~~~~~~~1~1~20-2~30-40-SOv 
OR 25-0-25v OR 20·0·20v CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12-1 5-20-25-JOv 10 £1S.75 £1 .75 
12-15-20-25-30v 5 £1.25 £1 .25 
12; 15-20-25-30v 2 £5.27 £1 .00 

3 -4-~6-8-9- 1 0-12-15-1 8-20-24-30v 
OR 12-0-1 2v OR 1 5-0-1 5v CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12-24v 12v 60A, 24v 30A £34:20 £3 .00 
12-24v 12v 30A. 24v 15A £17.25 £2 .00 
12-24v 12v 20A, 24v I OA £13.15 £2 .00 
12-24v 12v lOA. 24v SA £7.96 £1 .00 
12-24v 12v 4A, 24v 2A £4.03 £1 .00 

15. ::0-24-30v £4.15 £;1 .25 soV CT £3.75 £1 .00 
60vCT £3.15 £1 .00 
50vCT £6.96 £1 .25 
60v CT ZY2 £9.15 £1.25 
6v twice each 4 £3.15 £1 .00 
6v twice each y, £2.00 SOp 
12v twice each y, £2.50 75p 
28-32v 4 £6.60 £1 .25 

PARMEK<i ISOLATION TRANSFORMERS 
24CI-1'10V 

Ex -equipment , perfect condition . Metal 
shrouded case . Table top connections . Pri 
tapped 190-200-21 0-220· 230-240-250-
260v. Sec 125v 13A £36 carr . £4 . Pri tapped 
200-21 0 -220-2 30-240-250v. Sec tapped 
90-100-110-12Dv 7.5A £11.60 carr. £2. 

HEAVY OUTY CT, LT TRANSFORMERS 
Pri 220-240V Sec 70-0-70V 10 amps . Open 
frame C Core type. Size 7x7x6ins. Top panel 
connectoons. £27 .. 50 carr £3. Pri 12~240V 
Sec 60-0-SOV 10 amps. Open frame type. Size 
6x6x6ins. Cable lead connections £22.50 carr 
£3 . Pri 220-240V Sec 100-0-IOOV 8 -amps. C 
Core type. Size 9x8x7ins. Top panel cqnnec
toons £27. !jO carr £3 

SPECIAL PURCHASE BY FAMOUS 
MAKERS 

L.T. TRANSFORMERS IDEAL FOR 
UP-TO-DATE POWER SUPPLY CIRCUITS 
No 1 GRESHAM Pri . 240v Sec. 43v 3amps. 
Fully tropicalised . Open type wire connections 
£3.95 pp 75p'. No 2 HINCHLEY Pri 240v Sec. 
33v 5amps ~nd 18-0, 1811 1A. Tropicalised 
open frame. Wire connections . Tvvo in series 
will give 33"0-33v 5Aand 18-0-1Bv 2A £3.95 
each pp 75p. No 3 PARMEKO Pri . 240v Sec 
30v 5A and 12v 2.2amps, Table top connec· 
lions £4.1& pp £1. 

LOW POWER L. T. TRANSFORMERS 
BY FAMOUS MAKERS. ALL PRIMARIES 

NEW "C" CORE TRANSFORMERS 
BY FAMOUS MAKERS. FRACTION OF 

LIST PRICE. UN REPEATABLE OFFER 
ALL I'RIMARIES 22CI-240V 

No I Sec. 15v,_40A£11.'75carr£3. No 2 sec. 
12v 40A £1'7.50 carr £3. No 3 sec, 15-0-ISv 
1Afourtimes. 19v 1.8A. 27-0-27v 1.3A. 27 x 
1. 8A separate windings £1.15, carr £2 . No 4 
Sec 12.6v 5_. 75A £4.7& pp £1. No 5 II.Sv 
3.,5A £3.50 pp £1. No 6 17. 5v lA three times 
£4.50 pp £1 . No 7 12.3 v 10A, and 30-Q.30v 1/>A £4.15 pp £1 . No 8 12.3v SA and 30-Q. 
30v 250m I a £3.75 pp £1. No 9. Sec 18·22· 
27ir.250 m/a twice £2.50 pp 75p. No I 0 Sec 
24v. 480 m/a twice, 6.3v 2A 128v 64 m /a 
£4.60 pp £1. All above transformers are 
conservatively r'ated. 

HEAVY DUTY LT-TRANSFORMERS 
OPEN FRAME TYPE TERMINAL 

TAG CONNECTIONS 
ALL PRIMARIES 220-240¥ 

No 1 Sec 17v-:t-2v+1Y'2v+1v separate 
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BLOCK PAPER CAPACITORS 
6 MFD 300v wkg. AC. £1 pp 25p. 6 MFD 350v 
DC wkg. 7Sp pp 25p. I MFD 1,500v DC wkg 
lOp pp 25p. 0.1 MFD 3.000v DCwkg . 50g pp 
25p. . 

"C" CORE LT. TRANSFORMERS 
NEW SURPLUS BY FAMOUS MAKERS. 

ALL PRIMARIES ZZCI-240v. 
No 3 18-0-IBv 12.5A £12.50 carr, £2 . No 4 
Sec I tapped 22-23-24-25-26-27v, 6A Sec 2 
20-21-22-23-24-25v 3V,A. Sec 3 18-19-20-. 
21 •22-23-2A . Sec 4 11·12-13-14-15-16v 
~A. Sec 5 f1-12-13-14-15-16v ~A Sec 6 
100-0-100v 150 MIA £12.00 carr £3 . No 5 
Sec 25-28v 5A. Sec 2 26v 2~A . Sec 3 26v 
2V•A. Sec 4 24v 1A. Sec 5 16v lA. Sec 6 16v 
lA. Sec 7 6.3v 3A £5.75 carr £2. No 8 12.6v 
5.7A 128-0-120v 14M/A, £4.75 pp £1.25 
No 911.6v 3.5A£3.&0 pp £1 No 10 17.5v lA 
thr8P. times £4.50 pp £1 . 25. No II 23-5-0 
23.5v; 0-11A £1.50 pp 75p. No 12 12v lA 
22v 1.4A, 21v 0.7A. £2 pp 75p. No 13 55v 
0.5A, 6.4v; 0.3A, £2 pp 75p. No 14 10-7-0-
7-10v 0.47A, 28-21·0-21 ·2Bv 0 .37A, £2 pp 
75p. 

windings all at 20A £1 pp £2 . No 2 Sec t--------'----------17v+2v+ 1 Y•v+lv separate windings all at 
I OA. £8 pp £1 50. No 3 Sec 36v 6A Q ,50 pp 
£1 ·.75. No 4 Sec 65v 2.2A and 30-0-30v 100 
m/a £3.95 pp 75p. 

AEI 20 AMP CONTACTORS 
Coil voltage 1 10v AC . No 1, 2 make, 2 break; 
No 2, 4 makes; No. 3, 3 makes, 1 break. Brand 
new boxed . Fraction of makers price £1.26 pp 
25p.' Standard open type relays. Single hole 

. fiKing , 7 amp contacts by famous makers. No 1 
240v AC 3CO 95p; No 2. 240v AC 2CO 8&p; 
No 3. 240y_AC !CO 75p; No 4, 110v AC 2CO 
SSp; No 5 . 24v DC 2CO 76p; No 6, 12v DC 
2CO 75p. PP 15p per relay. Small open typre 
relays 6v DC 1 CO . Size 1 \loin, 3A_in dia, &Op PP 
15p. 

AC WKG BLOCK CAPACITORS 
BY FAMOUS MANUFACTURERS 

MFD Volts Price 
075 440vAC SOp 
I 470vAC SOp 
1.25 360vAC SSp 
2 400vAC 75p 
2.4 360vAC 75p 
2.5 360vAC 75p 
2.7 + 0.1 . 700vAC £1.25 
3 . 440vAC £1.00 
3.5 250vAC £1.00 
4 250vAC £1.00 

L.T. TRANSFORMERS NEW SURPLUS 
FAMOUS MAKERS. FRACTION Of 

MAKER'S PRICE 
No. I Pri 115-220-240v. sec. 10. 7v 20A open 
type teg board connections £6.95 carr. £1. 50. 
No. 2 Pri . 115-220-240v. sec. 9.3v 7A and 
25.v 0 .8A open type tag board connections 
£4.75 carr. £1 .50. No. 3 Pri. 115-220-240v 
sec . 9v 2A and 9v 1Aopen type terminal block 
oonnections £2.50 pp £1. No. 4 Pri 230v sec. 
80v 1.1 A open type tag board connections 
£3.00 pp £1 . No. 5 Pri . 120-240v sec 13v 3A 
and 15v 1 A open type term ina I block connec
tions £3.00 pp £1 . No. 6 Pri 240v sec. '30v 
5 .5A and 12v 2.2A open type table top 
connections £&.75 carr. £1.50. No. 7 Pri 230v 
sec tapped· 24-30-32v 2A potted type £3.00 
pp £1. No. 8 Pri 220-240v, sec. 6v 1 A twice 
shrouded GPO type £2.00 pp 75p. No. 9 Pri . 
110-220-240v, sec . 1 3v 1.8A, sec. 2 9v 
1.8A, sec . 3 27v I .SA. 3-9-12-27-30-36-39v 
I .BA can be obtained. open type table top 
connections, £3.76 pp 75p . No. 10 Pri . 
220-240v sec. 1 Ov 1.5A and 50v 0 .6A £3.50 
pp 75p. 

H.T. TRANSFORMERS BY FAMOUS 
AUTO STEPDOWN TRANSFORMERS FOR AMERICAN EQUIPMENT 

240v. TAG OR LEAD CONNECTIONS 
No I 20v 3A £3 pp 75p. No 2 27v 1 A £1.50 
pp 50p. No 3 12v 1 Y,A and 24v ~A . 2 
separate windings£1 .60 pp 50p. No 4 12v lA 
£1 pp SOp. No 5 20v I A £1.50 pp 50p. No 6 
55v V>A and 6.3v V,A £1.50 pp 50p. No 7 24v 
1A shrouded type £1.50 pp SOp . NoB 13v 3A 
and 1 5v lA 2 separate windings ·c· core type. 
£3.50 pp £1 . No 9 15v 1. 2A 6.3v 4. 5A 250v 
BOM I A. 3 separate windings £3.50 pp £1. No 
10 27v I .BA 9v 1.8A 3v 1 .SA 3 separate 
windings £3.50 pp £1. No 11 13-0-13v lA 
£2.50 pp SOp. 

5 360vAC £1.25 
6 440vAC £1.110 

MAKERS. ALL PRIMARIES 240v 
Type MT33 300-0-300v 150M/.' . 6.3v ct 4A 
5-6.3v 2A £4.50 tJP £1. MT12 . Sec 300-0-
300v 120M / A 6.3vct4A 5-6.3v 2A £4.00 pp 
£1 . MT 1 1 Sec. 300-Q.300v 1OOM I A 6 .3v 
3.5A 5v 2A or 6.3v 1A £3.75 pp £1. MT7 . 
Sec. 350-0-350v lOOM/A 6.3v3.5A 5v2Aor 
6.3v lA. £4.00 pp £1 

240-110V 10-2250 WATTS 
Fully shrouded. fitted with American two or three pin socket outlet and three 
core 240V mains lead. Send sae for latest price list . American plugs, sockets, 
adaptors also available 

VALVES Minimum VALVES VAT 
Order £1.00 PLEASEADD 121/z% 

£ 
A1065 1.25 EL41 0.80 PL509 3.2& 3A4 o.so 6J6 0.&0 20LI - 1.00 ARB . o.so ELBl 1.05 PL802 2.80 306 0.40 6J7 0.75 20PI 0 .40 ARP3 0.60 EL82 0.60 PLL80 1.80 3021 20.00 6J7G 0.50 20P3 0.10 ATP4 0.50 EL84 0.60 PY33 0.60 3E29 5.50 6K7 0.70 20P4 1.10 B12H 3.00 ELB6 0.95 PYBO 0.80 3S4 0.50 6K7G 0.35 20P5 1.00 CY31 0.50 EL90 1.30- PY81/8000.55 3V4 0.85 6K8GT 0.65 25L6GT 0.80 OAF96 o.so EL91 1.80 PYB2 0.45 58 /254M 8.50 ·. 6L6M 1.90 25Z4G 0.70 DET22 19.50 EL95 0.70 PYB3 0.50 58/255M 6.50 6L6GT 0.90 30CI5 1.00 OF96 o.so EL504 0.80 PYBB 0.65 58 /258M 6.50 6L7G 0.15 30C17 1.10 DK96 0.80 EL802 1.50 PY500 1.35 5R4GY 1.10 6L18 - 0.60 30C18 Dl-176 0.40 EL822 3.00 PY859 5.75 5U4G 0.95 6LO 20 0.50 see PCF805 DL92 0.60 EM31 0.75 PY801 0.80 5V4G O.S5 607G 0.80 30F5 1.00 DY86 / 87 0.55 EMBO 0.60 QQV03-1 0 2.50 5Y3GT O.S& 6SA7 0.65 30FI2 1.20 DYB02 0.55 EM81 0.60 QQV03-12 2.50 5Z3 1.00 6SG7 0.75 30FL 12 1.20 E55L 7.50 EM84 0.40 WOV06-40A 5Z4G 0.70 6SJ7 0.71) 30FL 14 1.80 EBB CC /01 EM87 1.00 14.00 5Z4GT. 0.75 6SJ7GT 0:50 30L15 1.00 1.30 EY51 0.45 QV03-1 2 2.50 6AB7 0.80 6SK7 0.60 30L17 1.00 E180CC 1.30 EYBI 0.45 SCl / 400 4 .00 6AC7 0.80 6SL7GT 0.7!1 30P12 1.00 E180E 8.00 EY86i87 0.55 SCI/600 4.00 6AH6 0.70 6SN7GT 0.75 30PL1 1.00 E1 82CC 3.50 EY38 0.55 SP61 0.85 6AK5 0.55 6SQ7 0.75 30PL13 1.10 EA76 2.00 EXBO 0.45 TI21 7.50 6AK8 0.40 6V6GT 0.80 30PL14 1.10 EABCBO 0.50 EZ81 0.80 U25 1.00 6AL5 0.40. 6X4 0.60 35L6GT 1.00 EB91 0.40 GY501 0.90 U26 0.85 6AL5W 0.65 6X5GT 0.55 35W4 o.sq EBC33 1.00 GZ32 0.85 U27 1.00 6AM5 1.60 6y6G 0.95 35Z4GT 0.70 EBFBO 0.50 GZ33 3.50 U191 0.75 6AM6 O.S5 6Z4 O.S5 50C5 0.70 EBF83 0.50 GZ34 2.00 U281 0.50 6ANB 0.85 6-30L2 0.9(1 50C06G 1.20 EBF89 0.50 GZ37 2.50 U301 0.50 6AQ5 1.30 7B7 0.90 75 1.00 EC52 0.40 KT66 4.00 . U801 0.80 6AQ5W 0.85 7V4 0.80 75CI 0.80 ECC81 0.5& KTBB 5.75 UABC80 o.so 6AS6 0.80 9D2 o.so ~6 0.10 ECC82 0.50 MH4 1.00 UAF42 0.75 6AT6 0.75 906 0.7·5 16 0.75 ECCB3 1.15 ML6 1.00 UBFBO 0.55 6AU6 0.40 10C2 o.so 80 0.7& ECC84 0.45 OA2 0.55 UBF89 0.50 6AV6 0.50 10F18 0.60 85A2 2.20 ECC85 0.50 082 0.60 UBL1 1.00 6AX4GT 0.80 10P13 o.so 723AIB 11 .00 ECC86 1.25 PABCBO 0.40 UBL21 0.7& 6AX5GT 1.00 11E2 11.00 803 8.00 ~cess 0.60 PC85 0.50 UCC84 o.so 687 0.75 12A6 0.60 805 18.00 ECC189 0.80 PCBS 0.85 UCC85 0.50 68A6 0.40 12AT6 0.45 807 1.00 ECFBO 0.50 PC88 0.75 UCF80 0.80 6BE6 0.50 12AT7 0.55 813 10.50 ECF82 0.45 PC900 1.25 UCH81 o.so 6BG6G 1.00 12AU7 0.50 8298 11.00 ECF801 0.75 PCC84 0.45 UCL82 0.75 6BJ6 1.10 12AV6 0.70 832A 4.50 ECH34 0.95 PCCB9 0.55 UF41 0.80 6BQ7A 0.60 12AX7 0.50 866A 2.80 ECH35 1.50 PCC189 0 .65 UF80 0.45 6BR7 2.30 12BA6 0.50 931A 8.00 ECH42 0.85 PCFBO 0.80 UFB5 0.50 6BW6 2.80 128E6 0.60 954 0.50 ECHBl 0.45 PCF82 0.40 UL41 0.75 6BW7 1.00 128M7 0.80 955 0.55 ECH84 0.95 PCF84 0.65 UL84 0.75 6C4 0.40 12CB 0.55 956 0.50 ECLBO 0.80 PCF86 0.65 UMBO 0.60 6C6 0.55 t2E1 4.25 957 0.90 ECL82 0.55 PCF200 0.90 UMB4 0.40 6CH6 3.00 12J5GT 0.40 1625 1.00 ECL83 1.20 PCF201 0.90 UY82 0.55 6CL6 0.75 12K7GT 0.110 1629 0.70 ECL85 0.85 PCF801 0.90 UY85 0.50 6CY5 0.90 12K8GT 0.70 2051 1.00 ECL86 - 0.55 PCFB02 O.S5 VR105/30 6D6 0.50 1207GT 0.50 5763 2.50 EF37A 1.50 PCF805 1.80 1 .80 6EAB 0.80 12SC7 0.55 5842 &.5o · EF39 2.90· PCF806 0.85 VR150 / 30 6F6G8 0.90 12SH7 0.70 5933 3.00 EF40 0.70 PCFBOB 1.80 1.25 6FBG 0.75 12SJ7 0.55 6057 0.85 EF 4 1 0.75 PCG200 0.80 Z66 0.90 6F12 0.65 12SQ7 0.55 6060 0.85 EFSO 0.40 PCL81 0.60 X61M 1 .50 6F14 0.80 12Y4 0.40 6064 0.85 EF83 1.50 PCL82 0.65 ZBOOU 3.00 6F15 o.so 13D6 o.so 6065 1.20 EF85 0.45 PCL84 0.70 Z801U 3.50 6FI7 1.00 14S7 1.00 6067 1.00 EF86 0.55 PCL86 0.70 Z900T 1.50 6F24 0.90 19AQ5 0.75 6080 3.50 EF91 0.65 PCL805/85 1A3 o.so 6F33 4.20 19G3 10.00 6146 3.80 EF92 0.75 0.75 1L4 0.30 6H6 0.95 19G6 8.00 61468 4.20 EF95 0.55 -P0500 3.25 lr.S 0.65 6J4WA 1.75 19H5 17.00 6360 2.00 EF183 0.85 PFL200 1.35 1:.4 0.40 6J5 0.75 20D1 0.60 8020 • 5.50 EF184 1.60 PL36 0.80 1S5 0.40 6J5GT 0.55 20F2 0.60 EF804 2.00 PL81 0.75 1T4 0.40 EFL200 0.7& PL82 0.50 1U4 o.so POSTAGE: £1 -£2 20p ; £2-£3 . 30p; 

EH90 0.60 PL83 0 .50 IX28 1.10 £3-£5 40p; £5-£10 60p; over £10 free EL32 0.90 PL84 0.85 2021 0.55 
VIDECON TUBE TYPE P863B EL34 2.20 PL50-4 1.40 2K25 11.00 EL37 3.00 PL508 1.30 2X2 0.80 English Electric-£20 

7.2 440vAC £1.50 
8.4 250vAC £1 .00 
15 250vAC £1 .75 

PP up to 2 .5 MFD 25p, 2 . 7 to 15MFD 
50p +8% _on total. 

MARCONI SIGNAL 
GENERATORS OUR ANNUAL 

OF TF 2400/1 Frequency Converter up to 51 0M Hz. SALE MODULATION METER 210A. 2.5-300MHz. AM TEST 0-100% FMD+ 100kHz in 4 rantes. AIRMEC 
VHF WAVE ANALYSER 248 .Freg from 5MHz to EQUIPMENT 300M Hz 
TF 801 D/1/S SIGNAL GENERATOR. Range STARTS FEBRUARY 1st 10-485MHzin 5 ranges. R.F. output0.1 V-lV. Source 
C.M . 500 output impedance. Internal modulation at 
1 KHz at up to 90% 
TF 195 A/1 or A/2 or A/2M or A& SIGNAL 

OSCILLOSCOPES (NEW PRODUCTION) 
GENERATORS. Very high class AM / FM 1 .5MHz to 

SCOPEX 45-6, 6MHz. Single Beam , 1 OmV sensitivity. 
220MHz . Detailed spec . and price on application . 

D•splay - 6 em x 8 em . Weoght: 4 .5kg . 
TF 9H/3S with additional amplifier to gi\le extra higb 

SCOPEX 4D·10A, lOMHz. Dual Trace. 10mV sen-
output between 1.5 and 5 Mc / s. 

sitivity . Display - 6 em x 8 em . Weight: 6kg . 
HIGH FREQUENCY SPECTRUM ANALYSER. 

DARTON D12, 15MHz. Dual Trace . lmV sensitivity 
MARCONI TYPE 1094A/S. Basic Freq . range 3 to 30 

D1splay - 8 em x I 0 em . We•ght: 7. Bkg . 
Mc/s and with LF un it from 1OOHz to 3 MHz . Measures SIGNAL GENERATOR H.P. MODEL BlOC. High 
relative amplitudes up to 60dB power. stable and high accuracy. Frequency 10 to 
TF1041 B VALVE MULTIMETER. DC voltage from 480MHz. Modulation level 0 10 95% at carrier levels 
300mV to l .OOOV. AC voltage from 300mV to 300Vat 0 . 5V output level continuously from 0 .1 ~ V into a 50 
up to 1 ,OOOMHz ohm. Maximum output lV 

FOR EXPORT ONLY WHITE NOISE TEST SET. The instrument Mullent C11, High power installation. 1 OOOW. consists of two units : a Marconi Noise Generator 
Type TF 2091 and Noise Receiver Type TF 2092. 

Technical details and prices available on request 
Measures noise and intermodulation on wide band 
multichannel telephone systems. Suitable for 1 2 TEKTRONIX OSCILLOSCOPES channel to 2. 700 channel system. 

545A. Bandwidth DC to 30MHz . 
570 CHARACTERISTIC CURVE TRACE 

MARCONI TF 8S7 SIGNAL GENERATOR CABLE LAYING APPARATUS No. 11. New produc-
Range 15KHz to 30M Hz . Output 0 .4 • V to 4V to 1 3 or tion P.O.A 
75 ohms. Impedance with termination (supplied). Built FURZEHILL SENSITIVE VALVE VOLTMETER 
in crystal check facility with handbook . CT 4 78; CT479; TYPE V200A full scale from 1 OmV to I OOOV in 6 steps 
QT 480 Signal Generators frequency from 1 . 3kMS up to without amplifie r. 
11kHz output up to 1 mV CW and imp . mod EDDYSTONE COMMUNICATIONS RECEIVER 

MODEL 730/1A 730/4. Frequency from 500kc/sto 
2BMc/s 

LEVEL OSCILLATOR TYPE REL 3W29. HIGH VACUUM VARIABLE CAPACITORS -Frequency from 0 .3 to 1200Kc / s. Mod . ex t. ceramic envelopes - UC IOOOA/20 /1 50=VMMHC output from + 16dB to -6Dd8 . Impedance 1000 60-1 OOO~F. 20kv-150A RF max= 2 7MHz output 75, 140, 600 ohms. TEST SET FT2 for testing Transceivers A40. A41, A42 
and CPRC26 . 

38' AERIAL MASTS consisting of 6 sections 6' 8" X 
UNIVERSAL WIRELESS TRAINING SET No 1 Mk 

2'1c ·· dia. Comple1e w ith all accessories to erect and 
2 YA 1311 to train 32 operators simultaneously on key 

instal and phone. Complete installation consists of 3 kits 
packed in 3 special trans it cases 

~g~~g~P!tT~Pc;l;iD~~-~~MHi-500 . · 
HARNESS "A". ••B" CONTROL UNITS "A" "R" 
.. ~1·· ••Jz;• M icrophones No 5 . 6 . 7 connectors. 
frames . carrier sets etc 

Model type ZOO , Frequency '300-_2400MHz . 
VAT FOR TEST EQUIPMENT Directly measures multitei-minal networks. phase 

sh ift , phase angle with com_plementary POWER PLEASE ADD 8% SIGNAL GENER-ATOR TYPE SMLM high freq 
resol ut1on, internal external niod. up to 3v out 

COLOMOR LOW RESISTANCE HEADPHONES TYPE CLB 
£1.50. 40p postage. VAT 12Y>% (ELECTRONICS L TO.) 

A lo t of these valves are VALVES AND 170 Goldhawk Rd., London W.12 
imported and prices vary for TRANSISTORS Tel. 01-743 0899 each delivery. so we reserve Telephorie _-enquiries for lhe right to chance prices valVes. transistors. etc . . Open Monday to Friday for new stock when u n - retai l 749 3934; trade and 9-12.30, 1.30-5.30 p.m. avo•dable export 743 0899 
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:Now 
the next 
:generation of 
bench DMMs! 
;rwo New Keithley Models offer uncompromising 
performance and outstanding value! 
.-'Accuracy 3Ws can't match 0.04% + 1 digit on de 

volts and ohms 
'• Large. bright , 20 .000-count LED display that's quick 

and easy to read . 
:e Convenient bench size that won ' t get "lost" yet 

doesn. t crowd . 
~• Exceptional reliability. 

WIRELESS WORLD . APRIL 1979 

Model 178 

Model 178 offers functions and ranges for ' 
most measurement needs 1 OOJ.I V to 1 200V 

de. 1 OOJ.I V to 1 OOOV ac. 0 ·1 0 to ?OMO . 
Model 1 79 is a full-function . mult1-feature model 

offering the same advantages as the 1 7 8. Plus 
TRM S AC ; 1 Oil V Sensitivity ; Hi and Lo Ohms; AC and DC 

C 1rtent Yet it's still half the price you ' d exp_ect. Only£ 1 99 · 

Both models feature designed-in reliability · 
Rugged circu its use a minimum of parts- high quality, off-the-shelf 
parts- carefully assembled and tested by Keithley . . . 
Outstanding overload protection and rugged mechan1cal des1gn keep 
both units going even after severe abuse. One-year accuracy 
specifications minimise recalibration costs . .. . .. . . 
A battery option, user installable, gets you off lme for cnt1cal 
measurements or for field use . 

For complete specif ications on the 178 and 179, call Keithley 
Instruments, 1 Boulton Road, Reading. Phone 0734 861287 

KEITHLEY 
The measurement engineers . . 

WW-030 FOR FURTHER DETAILS 

ASTRA-PAK GRAND SALE 
AU pnces include VA T Ad d 2 5p fo, P 8o P (Ext< a fo, 
overseas) Send SAE for complete Spec1al Offers l •st 
Where m o re tha n one pnce appea rs. overal l quan t•ty 
pr•ces apply to groups of dev•ces of the 1ame type (7 4 

92 GODSTONE ROAD, WHYTELEAFE, SURREY C~3 . OEB and 7 4LS can net be m•xed) 

7400 SERIES 74LSOO SERIES 7400 SERIES . 74LSOO SEfiiES 7400 SERIES 74LSOO SERIES CMOS I 

1+ 25+ 100+ 1+ 25+ 100+ 1+ 25+ 100+ 1+ 25+ 100+ 1.+ 25+ 100+ I+ 25+ 100+ I+ 25+100 1+25+100+ I+ 25+100+ LIN EARS 

740 0 .08 .075 .07 .155 .14 . 13 749 0 .30 .28 ~. 26 .42 .38 .36 741 6 7 2 .20 2.05 1 .95 4000 .13 . II .10 4072 .14 .13 .12 4554 .!II .78 .61 CA:JJ4S.I4 .:JO 

740 1 . 11 .105 .10 .155 .14 .13 74 91 .60 .55 .52 74 168 1.60 1.40 1.25 4001 .13 . 12 .11 4073 .14 . 13 .12 4555 .75 .62 .5& . CA3D46·14 .40 

7402 .11 . 105 .10 .155 .14 .13 749 2 .33 .30 .28 74169 1.60 1.40 1.25 4002 .13 .12 .11 4075 .14 .13 .12 4556 .75 .&2 .56 LM38011·14 .&I 

74 0 3 .11 .105 .10 .155 .14 .13 749 3 .28 .25 .23 .43 .40 .38 74170 1.20 1 .10 1 .00 1.50 1.28 1.12 4006 .70 .62 .58 4076 .82 .78 .75 4557 3.20 z.8o Z.40 LM381N·I4 .90 

7404 .11 .105 .10 .16 .16 .135 7494 . 50 .45 .42 7417 2 3.80 3 .55 3.40 4007 .13 12 .11 4077 .38 .35 .32 4558 .90 .80 .72 LM/1111 ·14 .2& 

7405 .12 .115 .11 .16 .15 .135 7495 .50 .45 .42 .64 .58 .55 741 73 .90 .84 .80 .85 .80 .76 4008 .58 .52 .48 4078 .14 .13 .12 4559 3.00 Z.50 2.20 LM711N· I4 .2& 

7406 .22 .21 .20 7496 .48 .42 .38 . 74174 .64 .60 .56 .58 .52 .49 4009 .32 .29 .27 4118 1 .14 .13 .12 45&0 1.45 1.20 1.05 MCI310P· I4 1.30 

7407 .22 .21 .20 749 7 1.80 1.70 1.65 74 175 .58 .54 .51 .58 .52 .49 4010 .36 .32 .30 41182 .14 .13 .12 45&1 .62 .55 .50 NE555-8 .23 

7408 .13 .125 .12 .155 .14 .13 74100 .80 .72 .68 74 1 76 .58 .54 .51 4011 .13 .12 .11 4085 .58 .54 .52 4562 4.20 3.60 3.25 NE55&· 14 .50 

74 0 9 .13 .125 .12 .16 .15 .135 741 04 .40 .36 .34 74177 .56 .52 .49 4012 .13 .12 . 11 4086 .58 .54 .52 4566 .91 .86 .80 NE25018· 14 1.25 

741 0 . 11 .105 .10 .155 .14 .13 74105 .37 .34 .32 74 1 78 .90 .80 .75 4013 .30 . 25 .22 4089 1.20 1.08 1.00 4568 1.70 1.50 1.38 Sll7511111 .40 

.741 1 . 17 .16 . 15 .16 .1 5 .135 7410 7 .22 .20 .18 .32 .28 .28 74179 1.08 1.00 .95 4014 .68 .62 .56 4093 .45 .40 .38 4569 1.37 1.15 1.05 SN76003N 1.65 

741 2 .14 .135 .13 .16 .15 .135 741 09 .28 .26 .24 .32 .28 .25 74 180 .80 .70 .62 4nl5 .60 .55 .52 4094 1.38 1.25 1.15 4580 4.20 3.65 3.40 SN76013N 1.25 

741 3 .23 .21 .20 .28 .26 .24 741 10 .36 .34 .32 74 18 1 1.1 5 .95 .80 4016 .32 28 .2& 4095 .85 .80 .77 4581 1.98 1.67 1.40 SN76023N 1.25 

7414 .46 .43 .40 .65 .57 .50 741 1 1 .55 .52 .so 14182 .52 .47 .44 4017 .so .46 .44 4096 .BS .80 .77 4582 .82 .74 .&I SN76Da3N 1.65 

741 5 .16 .15 .135 741 1 2 .32 .28 .25 74 184 1 .25 1.08 1 .00 4018 .55 .50 .47 4097 3.110 2.80 2.67 4583 .70 .60 .52 TAA55111 .30 

7416 .22 .20 .18 141 13 .28 .26 .24 .32 .28 .25 74 185A1.00 .90 .86 4019 .40 .35 .32 4098 .!Ill .84 .78 4584 .30 .27 .25 TAA661B 1.00 

741 7 .22 .20 .18 741 14 .32 .28 .25 74186 7 .20 6 .90 6 .70 4020 .68 .64 .60 4099 1.1 0 .95 .88 4585 .88 .78 .70 TBAI20S .51 

74 20 .11 .105 .10 .155 .14 .13 741 16 1. 10 1.00 .95 74 188 2 .60 2 .40 2 .25 4021 .66 .62 .58 4160 .88 .83· .10 45!19 1.98 1.70 1.50 TBA641A 1.60 

7421 .22 .21 .20 .16 :15 .135 741 18 .78 .75 .72 741 89 1.98 1.75 1.60 4022 .60 55 .52 416 1 .88 .83 .80 TBABIJO .60 

74 22 .11 .166 .1 6 .16 .1.,§ .135 74 1 19 1. 10 1 .00 .95 74 190 .68 .60 .55 .72 .65 .58 4023 .13 .12 .11 4162 .88 .83 .80 LOW PROALE TABA810S .au 
7423 .20 .19 .18 741 20 .80 .76 .74 741 91 .68 .60 .55 .70 .63 .56 ' 4024 .42 .39 .36 4163 .88 .83 .10 Dlli.C. SOCKETS TBA820S .75 

742 S .20 .19 .18 741 2 1 .24 .22 .20 741 9 2 .62 .55 .48 .68 .62 .58 4025 .13 .12 .11 4164 .88 .83 .80 Spin .10 .09 .118 TCAZ70SQ 1.70 

7426 .21 .20 .19 .16 .15 .135 741 2 2 •.32 .29 .27 74 193 .60 .50 .46 .68 .62 .58 4026 .90 .84 .78 4174 .98 .92 .87 14pin .115 .11 .105 TOA2020 3.00 

742 7 .21 .20 .19 .16 .15 .135 741 23 .38 .35 .32 .55 .50 .48 74 194 .58 .50 .46 4027 .30 27 .25 4175 .98 .92 .87 16pon .125 .12 .115 ZN414 .90 

7428 .18 .11 .16 741 24 1.60 1 .50 1 .42 1 .15 1.05 .98 74 195 .58 .50 .46 1.00 .92 .85 4028 .46 .42 .40 4194 .98 .92 .87 18 pin .18 .16 .15 

7430 .11 .105 .10 .155 .14 .13 74 125 .32 .30 .28 .38 .33 .29 74 196 .56 .50 .45 .78 .71 .65 4029 .52 .47 .44 4501 .14 13 .12 20piR .20 .18 .17 

7432 .21 .20 .19 .23 .20 .18 74 126 .32 .30 .28 .38 .33 .29 741 9 7 .50 .44 .40 .92 .83 .78 4030 .32 28 .26 4502 .72 .66 .63 22 pin .22 .20 .19 II'- IMPS 

7433 .30 .27 .26 74 12 8 .60 .55 .52 74198 .96 .85 .78 4031 1.80 1.60 1.48 4503 .52 .46 .43 24pin .24 .22 .21 CA3131H099 .10 

743 7 .20 .1 9 .18 .24 .21 .185 74 130 .40 .36 .32 74 1 99 .98 .90 .85 41132 .86 .80 .17 4506 .42 .36 .34 28 pin .28 .25 .23 LMJ01A-8 .24 

743 8 .20 .19 .18 .24 .21 .185 741 32 .47 .44 .42 .62 .56 .48 74221 1.20 1 .00 .88 .94 .85 .80 4033 1.05 .98 . ~2 4507 .42 .36 .34 40pin .40 .37 .35 LM348. 14 .!Ill 

7440 .12 .115 .11 .18 .16 .15 741 34 .32 .30 .28 74 2 4 7 .90 .82 .75 4034 1.60 1.40 1.25 4508 1.!111 1.68 1.50 
LEOS 

LM/02·14 .42 

7441 .48 .45 .43 7413 5 .62 .58 .55 742 48 .90 .82 .75 4035 .98 .90 .86 4510 .60 .54 .50 125" 3mm 
LM/09-8 .3& 

744 2 .40 .36 .34 .50 .44 .40 74136 .52 .48 .46 .38 .33 .29 74249 .90 .12 .75 4036 2.50 2.35 2.25 451 1 .65 .58 .55 RED .08 .07 .06 
LM/09· 14 .37 

7443 .65 .60 .57 741 37 .74 .68 .66 74 25 1 1.00 .82 .74 .58 .52 .48 4037 .82 .76 .72 4512 .62 .56 .53 
YELLOW .12 1!5 .11 

LM709·T009 .38 

7444 .64 .59 .56 74 138 .52 .45 .41 7425 7 .68 .50 .56 4038 .84 .78 .74 4513 1.42 1.30 1.20 GREEN .12 115 .11 
l.M/41 ·8 .II 

744 5 .53 .50 .48 741 39 .52 .45 .41 74258 .68 .56 .50 4039 2.30 2.18 2.10 4514 Z.35 2.20 2.08 LM/4 1· 14 .15 

744 6 .55 .52 .50 74 141 .52 .48 .46 74 2 66 .33 .28 25 4040 .62 57 .54 4515 2.35 2.20 2.08 .2" Smm LM/41 ·1099 .31 

744 7 .50 .44 .40 .67 .60 .56 74 14 2 1.85 1. 75 1 .68 74273 1.90 1.70 1.55 2.00 1.85 1.50 4ll41 .70 .64 .58 4516 .66 .60 .56 REO .09 .118 .07 LM/47· 14 .48 

7448 .55 .50 .48 .82 .73 .65 741 4 3 2.30 2 . 10 2 .00 74 279 1 .10 .90 .82 .46 .40 .34 4041 .50 .45 .42 451 7 3.40 3.15 3.00 YELLOW .13 .125 . 12 LM3900N·I4 .40 

7449 .67 .60 .56 74 144 2 .30 2 .10 2 .00 74 283 1 .50 1 .30 1 .20 4043 .56 .51 .48 4518 .65 .58 .55 GREEN .13 125 .12 MC1458P·B .21 

7450 .12 .115 .11 74145 .55 .50 .48 74 284 3 .50 3 .20 3 .00 4044 .62 .58 .55 4519 .38 .36 .34 Mix colours and sizes lor 

7451 .12 .115 .11 .16 .15 .135 7414 7 1 .00 .92 .88 74 289 3. 75 3.45 3.28 4045 1.05 .95 .88 4520 .62 56 .53 qly.prices 

7453 .12 .115 .11 74148 .84 .78 .75 74 290 .52 .48 .45 4046 .90 .85 80 4521 1.40 1.25 1.10 FNOI07 Red 7 segmenl YOLTfl&E 
7454 .12 .115 .11 .155 .14 .13 74 150 . 60 .55 .50 74 293 1 .20 1.00 .80 .80 .7 2 .65 4047 .84 .79 ./5 4522 .80 .70 .63 display .25" .90 IIEGUUTOIIS 

.70 7455 .16 .15 .135 74 1 51 .46 .41 .38 .50 .44 .40 74 298 1.80 1.55 1 .40 .!10 .82 .75 4048 .42 .38 .36 4526 .80 .70 .63 TILill Oplo isola1or .75 LM300H T099 
74 60 .12 .115 .11 74 15 3 .46 .41 .38 .48 .42 .36 74 3 52 .84 .75 .70 4049 .28 .26 .24 4527 1.15 1.00 .90 SUR OffER LM309K·TOJ 1.10 
74 70 .25 .23 .21 74154 . 78 .68 .60 1 .00 .90 .82 74353 .92 .85 .80 4050 .28 26 .24 4528 .as· .76 .70 100 741 ·8 . 16 uA/23· 14 .32 
74 72 .22 .20 .18 741 55 .50 .46 .44 .75 .67 .60 74 3 6 5 .44 .40 .38 4051 .54 .49 .46 4529 .98 .84 .75 '" 1110 555·8 .19 7805 T0220 .52 
74 7 3 .23 .21 .20 .26 .23 .21 741 56 .50 .46 .44 .75 .67 .60 743 6 6 .44 .40 .38 4052 .54 .49 ".46 4530 .82 .78 .74 100 MC1458P .24 7812 T0220 .52 
74 74 .23 .21 .20 .26 .23 .21 7415 7 .45 .40 .38 .44 .40 .38 7436 7 1.10 .85 .70 .44 .40 .38 4053 .58 .52 .48 4531 .74 .66 .60 '' 100 ADI611162 MP .50 781510220 .52 
7475 .30 .28 .28 .40 .35 .32 741 58 . 55 .52 .48 .so .44 .40 74368 .44 .40 .38 4054 .92 .87 .84 4532 .95 .86 .80 ICO 8CI84 .06 782410220 .52 
74 76 .26 .24 .23 .26 .23 .21 741 59 1.95 1.80 1 .70 743 86 .34 .30 .28 4055 .92 .87 .84 4534 4.00 3.50 3.25 100 8C214 .062 7905T0220 .72 
7478 .28 .25 .23 74 16 0 .57 .52 .48 .90 .84 .75 74390 1.70 1 .40 1.25 4000 .92 .87 .84 4536 2. 75 2.35 2. 1 5 ' 100 2N3055 .35 7912T02l!O .72 
7480 40 .36 .34 74 161 .50 .44 .40 .60 .53 .48 74393 1.75 1 .4 5 1.2 5 4066 .36 .32 .30 45381.110 .90 .12 1000 .1 25" Red Led .05 7915T0220 .72 
74 8 3 .52 .48 .46 .59 .55 .52 14 162 .57 .52 48 1.10 1.00 .92 74670 1.60 1.40 1.30 4067 2.45 2 .20 2.05 4539 .72 .60 .54 1000 .2" Red Led .061 74 8 4 .84 .80 .17 74 163 .57 .52 .48 .60 .53 .48 4068 .18 .16 . 14 4541 .90 .81 .70 1000 IN4001 .025 
748 5 .62 .58 .55 .67 .60 .56 74 16 4 . 57 .52 .48 .82 .75 .70 4069 .14 13 12 4543 1.10 .97 .88 1000 IN4002 .028 MEMORY 
7 ~8 6 .22 .20 .19 .28 .25 .23 74 16 " .57 .52 .48 4070 .14 .13 .12 4549 3.110 2.50 2.25 1000 IN4005 

::~· 1MSW3012107AI 2.50 
74 8 9 1.35 1 .25 1 .18 74166 .70 .64 .59 M1xed pnces apply fo r 4071 .14 .13 .1 2 4553 3.20 2.80 2.40 10110 IN4007 4o« leu IO' o 

quant1 ty d1scou nt 1000 IN4148 .0131 8oll lesszo• , 
' 1000LESSIIJ' , 

WW- 036 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 mont~s 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 
thi s page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Aust ralia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street 
Melbourne 3000, Victoria 

Belg ium: Agence et 
Messageries de Ia Presse, 
1 RuedelaPetite-ILE 
Brussels 7 

Canada : Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 1 95, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denm.ark: Dan5k 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk.11 03 Kobenhavn. 

Finland : Rautakirja OY, 
Kolvuvaarankuja 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 

Greec e : Hellenic 
Distribution Agency, 
P .0. Box 315, 245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmar N.V., 
OosteliJke Handelskade 11, 
Amsterdam 1 004 · 

India : International Book 
House, Indian Mercantile 
Mansion EKt, Madame 
Cam a 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 Veracini 9, 
20124 Milano 

Japan: Western Publica 
tions Distribution Agency, 
170 Nishi-Okubo 
4 -chome, Shinjuku- Ku, 
Tokyo 160 

Lehan on : Levant Distri
butors Co .• P.O. Box 1181, 
Makdesi Street. Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Distributors Sdn . Bhd ., 
Times House, 
390 Kim Seng Road • 
Singapore 9, Malaysia . 

Malta: W . H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 

New Zea land: Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington 2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani , Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.l 
Apa rtado37, Amadora 

South A frica : Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 
Atheneum s.a. Consejo de 
Ciento.130-136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Fack S-1 04, 
25 Stockholm 30 

Switzerland: Naville & 
Cie SA. Rue Levrier5-7, 
CH-1211 Geneve 1 
Schmidt Age nee AG, 
Savogelstrasse 34, 
4002 Basle 

U .S.A . : John Barios, 
IPC Business Press. 
205 East 42nd Street, 
New York, N.Y. 10017 
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BUSINESS REPLY SERVICE 
Licence No . 12045 

WIRELESS WORLD, 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH .CROYDON, 

SURREY 
CR2 9PS 
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Please arrange for me to receive further details of the products listed, 

the appropriate reference numbers of WhiCh have been entered in the 

space provided. 

Name ... 

Name of Company ...... . . 

Address . . 

Telephone Number . 

I PUBLISHERS I 
USE ONLY 

Posi tion in Company . 

Nature of Company/Business. 

A/E 

No. of emp.loyees at this establ ishment ... .. . . . . . 

I wish to subscribe to Wireless World D 
VALID FOR SIX MONTHS ONLY 

~------------CUTH£R£ __________ _ 
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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 w ith your 
remittance to: 

Subscription Manager~ 
I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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Please arrange for me. to rec;ive further details of the products listed, 

the appropriate reference numbers of which have been entered in the 

space provided. 

Name .. 

Position in Company . .. . ............................ . ... . .. . 

Name of Company . 

Address ... . . . .. . 

Telephone Number 

I 
I OVERSEAS ADVERTISEMENT I AGENTS 

Hungary Mrs. Edit Bajusz, Hungexpo 
Advertising Agency, Budapest XIV, 
Varosliget- Telephone: 225 008-

Telex: B~.:~dapest 22-4525 INTFOIRE 

I 
I 
I 
I 2 Italy Sig. C. Epis Etas-Kompass, S.p.a.-
-t Servizio Estero, Via Mantegna 6, 

~ 20154 Milan- Telephone 347051 -
;, 

I 
Telex: 37342 Kompass 

ww .... ww . .. . ww ... . 
ww ... . ww ... . ww ... . 

Nature of Company/Business. 

No. of employees at this establishment 

--- -----.- ....... . - I Japan Mr. lnatsuki, Trade Media -IBPA 

(Japan), B212 Azabu Heights, 1-5-10 

Roppongi, Minato- Ku, Tokyo 106-
Telephone : {03) 585-0581 , 

ww ... . ww ... . ww .. .. 
-- ... --... ---- .. - I 

ww .... ww ... . 
ww .... ww ... . 

ww ... . 
ww ... . 

VALID FOR SIX MONTHS ONLY 

I· 
I ------------CUT H£RE. ------------1 United States of /Amerj_ca Ray Barnes, 

*I PC Business Press 205 East 42nd Street, 
New York, NY 10017- Telephone: 

Do not affix Postage Stamps if posted in I 
Gt. Britain, Channel Islands or N. Jreland 

Postage will 
be paid by 
Licensee 

BUSINESS REPLY SERVICE 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REPLY -- sERVICE, 

429 BRIGHJON ROAD, 
SOUfH CROYDON, 

SURREY 
CR2 9PS 

2 
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(212) 689 5961 -Telex: 421710 
Mr. Jack Farley Jnr., The Farley Co., 
Suite 1 548, 35 East Wacker Drive, 

Chicago, Illinois 60601 -Telephone: 
(312) 6 3074 

Mr. Vietor A Jauch, 
Elmatex International, 

1?.0. Box 34607, 
Los Angeles Calif. 90034' U.S.A. 

Telephone: (213) 821 8581 

Telex: 1@- 1 059. 
8 Mr. Jack Mentel, The Farley Co., Suite 605, 

; Ranna Building, Oeveland, Ohio 4415-

E Telephone: (2.1 6) 621 191 9 

• Mr. Ray Rickles, Ray Rickles & Co., 

I P.O. Box 2008, Miami Beach, Florida 

I 
33140- Teleph-one: (305) 532 7301 

Mr. Jim Parks, Ray Rickles & Co., 

I 3116 Maple DriveN. E., Atlanta, Georgia 

30305. Telephone: (404) 237 7432 

I • ~---------cur HfRf------------~ Mike Loughlin, IPC Business Press, 

15055 Memorials, Ste 119, Houston, Texas 

77079- Telephone: (713) 783 8673 

Wire less World Subscription Order Form Wjreless World, April 1979 WW 964 

UK subscription rates 
1 year: £7.00 

. Other Areas 1 year: £9.00 

USA & Canada subscription rates 
1 year: $23.40 

( 

Please enter my subscription to Wireless World for 1 year 

I enclose remittance value. 

Name .. 

Address-· ·-···· ···· ··---······ ············ ·····--

. made payable to 

IPC BUSINESS PRESS Ltd. 

I 
I 
I 
I 
I 
I 
I 

Canada Mr. Colin H. MaeCulloch, 
International Advertising Consultants Ltcl., 

915 Carlton Tower, 2 Carlton Street, 
Tor onto 2- Telephone ( 416) 364 2269 

I *Also subscription agents 

I 
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I 
I 
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. More scope . . 
for your money. 

The new Scopex 4D-10B. 
The 40-1 OB is a great newcomer to the Scopex range. · 

like all Scopex products it's extremely reliable, engineered 
to the highest standards and remarkably easy to use. 

The fully stabilised power supply gives 3% accuracy, 
a significant 40% better than most and there are important 
new features including:-

eXY facility with fully matched sensitivities from 
10mV to SOV/cm on both X andY channels utilising CMOS 
Integrated circuitry for extra reliability . 

eZ modulation for brightening or dimming the trace. 

Plus full 10MHz scan over the complete screen area. 
Trace locate and TV field trig,ger. , 

Finally there's free delivery In, the UK main land 
and the price - £188 excluding VAT. 

That's a lot of scope for very little money. 
Also available, standard rack mount model. 

COP EX 
r;;:x;:s~--- ---- - l 
I Pixmore Avenue, Letchworth, Herts SG6 1JJ. I 

Tel: (04626) 72771. 

I Please send me full details of the new Scopex 4D·10B. I 
l Name 

Company _____________________________________ ( 

1 Address 1 

I I 
L _ _:_ Tel: 

WW- 071 FOR FURTHER DETAILS 
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Hall Electric Limited 
International 

Tube Distributor 

Electron House, Cray Avenue, Orpington, Kent BR5 3QJ Telephone: Orpington 27099. Telex: 896141 Cralec G 
.. 

,, 
WW- 084 FOR FURTHER DETAILS 

'4lt 
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BSR DE LUXE AUTOCHANGER 
Plays 12". 10" or 7" records. £17.50 Post £1 
Auto or Manual. A high quality 
unit backed by BSR rel iabi l ity. 
Stereo Ceramic Cartridge : AC 
200 / 250V. Size 13'12-11 1/.in . 
3 speeds. Above motor board 
3%in. Below motor board 2 '12in 
with Ceram ic Stereo/Mono cartridge . 

Cut out for most BSR 
or Garrard decks. Silver grey finish 
Model "A" Size 14'12 x 12'12 x 3in . 
Model " B" Size 16 x 13 3/.o x 3in . 
TINTED PLASTIC COVERS ONLY 
Sizes : 141/2 X 12'12 x 4'/• in . £3. 
151/.o X 13'12 X 4in . £3.7S. 

Post £1 .00 

£3.50 
£4.50 

15 x 13'12 x 3in . £3.SO. 17% x 9'/, x 3'12in. £3. Post £1. 
14'12 x 14 3/.o X 2'12in Rosewoodsides£4. 
Idea l for record decks . decks. 

Ideal replacement or disco deck 
· with cueing device and stereo 
ceramic cartridge . 3 speeds 
Large turntable. modern design 

(1]t~~Q_ ~;s_t £1 

GARRARD HI-FI 
AUTO CHANGER 
ModeiS-300 
3-=speed stereo cartridg~ . £14.95 
Cueing devices Post £1 

SMITH'S CLOCKWORK 15ATIME SWITCH o.s tioui:4s-£3.30 P~s! 35p \j/-~- · 
Single pole two-way. Surface mounting 
with fixing screws. Will replace existing \li~. -· I wall switch to g1ve light for return home. 
garage, automatic anti-burglar lights, etc. 
Variable knob . Turn on or off at full or 
intermediate settings. Brand new . 

R PACK for MODELS 
Ready made. Famous make. Will supply 10 volts D.C. at 
400mA . With terminals and mains lead. £2.50 Post SOp 

·---voLUME--
CONTROLS 

5ko to 2Mo LOG-o~ LIN-
LIS 3Sp. D.P. 60p. 
Stereo LIS SSp D.P £1. 
Edge 5K . S P 
Transistor 45p. 

80 Ohm Coax 
fRINGE LO~ LOSS 15p yd 
PLUGS 10D. SOCKETS tOo. 
LINE SOCKETS 25p 
OUTLET BOXES _ 80p 
300 ohm FEEDER Sp yd. 

EMI 13Y2 x Bin. LOUDSPEAKER 
With tWeeter a1id · 
crossover. 10 watt . 
3 orB ohm 

£8.95 
Post 45p 

With tweeter and 
crossover. 20 watt . 

Wi.th tweete-r an-d 
crossover. 1 5 watts. 
Bohm 

£10.50 
Post 65o 

£11.50 
Bo~_1_5 oh-,;,. 26 ·1;20.000 cp- s Post 75p 
Suitable Bookshelf Cabinet · 
Teak finish. For EMI 13 x B speakers . 
Size 1 6 x 11 x B inches approx1mately. 

THE "iNSTANT" BULK TAPE ERASER 
Suitable for cassettes, and all sizes of tape 
reels . A.C. mains 200/250V. Leaflet S.A.E. 
Wi.ll also demagnetise small tools £5 50 
'Head Demagnetiser only £4. 7S. Post "sop 

RELAYS. -, 2v DC 95p. 6v DC asp.-24ov :C..c 95p. 
BLANK ALUMINIUM CHASSIS. 6 x 4-95p; B x 6-
£1 .40; 10 X 7-£1.S5; 12 X B-£1.70; 14 X 9-£1.90; 16 X 

-6-£1.85; 16 x 10-£2.20. ANGLE All . 6 x% x %in-15p. 
ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-38p; 14 x 
3- 40p; 10 X 7-54p; 12 X 8 - 70p; 12 X 5-44p; 16 X 
6-70p; 14x9 - 94p; 12x 12-£1; 16x 10-£1.16. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEAD w ith circuit & connections . 
Some technical knowledge requi red £4.95 . 
TAG STRIP 2B-way 12p. 
TAPE OSCILLAl"OR COIL. Valve type. 35p. 
BRIDGE RECTIFIER 200V PIV '12 amp SOp. B amp £2.SO. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT SOp. 
MANY OTHER TOGGLES IN STOCK. Please enquire. 
PICK-UP CARTRIDGES ACOS, GP91 £2 .00. GP94 £2.50. 
SONOTONE stereo £2.00. . 

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 use. 
Easy to build . Full instructions supplied . 

£17 
Post 35 p 

Cabinet £4 extra . Will operate from 200MV to 100 watt signal. 

R.C.S. LOW VOLTAGE STABILISED 
POWER PACK KITS 
All parts and instructions with Zener diode, 
printed circuit rectifiers and double wound 
mains transformer . Input 200 /240V a.c £2.95 
Output voltages available. 6 or 7.5 or Post 45p 
9. or 12V d .c. up to 1 OOmA or less. Size 3 x 2'12 x 1 '12in . 
Please state voltage required. 

R.C.S. POWER PACK KIT 
12 VOLT, 750mA. Complete with printed 
circuit board and assembly instructions. 
12 VOLT 300mA KIT, £3.1S. 

£3.35 
Post 30p 

R.C.S. "MfNOR'·' -1(fwatt AM-PLIFIER KIT 
This kit is suitable for record players . guitars, tape playback. 
electronic in struments or small P.A. systems. Two versions 
available Mono, £12.SO; Stereo, £20. Post 45p. Specification 
1 OW per channel; input 1 OOmV; size gv2 . x 3 x 2in . approx . 
S.A.E. details. Full instructions supplied . A.C . main .~ powered. 

R.C.S. DRILL SPEED CONTROLLER I LIGHT DIMMER KIT. 
Easy to build kit . Printed circuit £3.25 
Will control up to 4BO watts AC mains Pest 35p 
R.C.S. STEREO PRE·AMP KIT. All parts to bui!d this pre-amp . 
Inputs for high. medium or low imp per channel. with volume 
control and P.C. Board £2.95 
Can be ganged to make multi-way stereo mixers Post 35p 

MAINS TRANSFORMERS ALL POST 7 5p 
250-0-250V 70mA. 6. SV. 2A . £3.45 

£4.60 
,£5.80 
£8.50 

250-0-250V SOmA. 6 .3V 3.5A. 6.3V 1A 
350-0-350V SOmA, 6 .3V 3.5A. 6.3V 1A .... 
300-0-300V 120mA. 2 x 6.3V 2A C.T.; 5V 2A 
220V 45mA . 6.3V 2A .. •. . .. .. ..... , ... . . . . ..... £1.75 

1 !-iEATER TRANSFORMER . 6.3V 'h amp £1.50 . 
GENERAL PUR POSE LOW VOLTAGE . Tapped outputs 
2 amp. 3. 4. 5. 6. 8. 9. 10. 12, 15. 18. 25 and 30V 

3amp £1.75 

1 amp . 6. B. 10. 12 16. 1 B. 20. 24. 30. 36 . 40 . 48. 60 
2amp. 6. 8 . 10, 12 , 16, 18, 20. 24. 30. 36 , 40 , 48 . 60 
3 amp. 6. 8. 10. 12 . 16. 18. 20. 24. 30. 36 . 40. 48. 60 
5 amp. 6. 8. 10. 12 . 16. 18. 20. 24. 30. 36. 40. 48 , 60 

.. £5.30 
£5.30 
£8.50 

£11.00 
£14.50 

12V. 1 OOmA . £1.00 2ov:<lov. 60V. 1 amp . £3.50 
12V. 750mA £1.30 • 12V. 3 amp . . . . . . £2.95 
10-0-1 OV 2al1)p . £2.45 1.0V, 30V. 40V. 2 amp . . £2.75 
30V. 5 amp and 1 7V-0-1 7V. 40V, 2 amp £2.95 

· 2 amp . . . . . . . . . £3.45 20V. 1 amp £2.20 
0. 5, 8. 10. 16V. 'lz amp £1.95 20V-0-20V, 1 amp £2.95 
9V. 3 amp £2.75 30V-0-30V. 2 amp . £7.00 
25-0-25V 2 amp .. £3 .50 2 of 18V. 6 amp. each . .. £9.00 
30V. 2 amp £3.00 12-0-1 2V. 2 amp £2.95 
30V, 1 'lz amp £2.75 9V. '/•amp . £1.30 

AUTO TRANSFORMERS. 115V to 230V or 230V 10 115V 1 SOW 
250W £6 . 00. 400W £7 .00 500W 

.. £5.00 
£8 . 00 

FULL WAVE 8RIOGE CHARGER RECTIFIERS . 
6 or 12V outpu1s. 2 amp ... 75p. 4 amp .. £1.25 
CHARGER TRANSFORMERS: 1 y, amp ... £3.50. 4 amp. .£6.50. 
12V. 1 V2 amp Half Wave Selenium Rectifier 

COMPACT 
SPEAKERS 
Teak 4 or 8 ohm White 
4 ohm only 13 x 10 x 6in . 
approx . 50 to 14.000 
cps. 1 0 watts. 

£16 pair Post £1 .30 

LOW VOLTAGE ELECTROLYTIC$ 
1. 2. 4, 5, B. 16, 25, 30. 50, 100. 200mF 15V 10p. 
500mF 12V 15p; 25V 20p; 50V 30p; 

25p 

1 OOOmF 12V 17p; 25V 35p; 50V 47p; 1 OOV 70p. 
2000mF 6V 25p; 25V 42p; 420mF/500V £1.30. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 6Sp. 
3900mF 100V£1.60. 4700mF 63V£1.20. 2700mF/76V£1. 
5000m~ 6V 2Sp; 12V 42p; 35V SSp. 5600mF/76V £1.75 

HIGH YOI.TAG.E ELECTROLYTIC$ B/350V 22p - - --8+8f450V SOp 50+50/300V 50p 
16/350V 30p B+16/450V 50p 32+32 /450V 75..P 
32/500V 75p 16+16/450V SOp 100+100/2_7_?.V _IJSp 
50!350V SOp __ }2+30'350V SOp 1§9 .. ±.?00/275V 70p 
MANY OTHER ELECTROL YTICS IN STOCK 

-S-HORT WAVE 1 OOpF air spaced gangable tu~er. 95p. 
TRIMMERS 1 OpF. 30pF. SOp F. 5p. 1 OOpF. 1 50pF. 15jJ. 
CERAMIC, 1 pF to 0.01 mF, 5p. Silver Mica 2 to 5000pF. 5p. 
PAPER 350V-0.1 7p; 0 .5 13p; 1mF 1.50V 20p; 2mF 150V 
20p; 500V-O 001 to 0 .05 1Zp; 0 .1 1Sp; 0.25 25p; 0.47 3Sp. 
MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
SUB-MIN MICRO SWITCH, 2Sp. Single pole change over. 
TWIN GANG, 3B5 + 3B5pF SOp; 500pF standard 7Sp. 
365 + 365 + 25 + 25pF. Slow motion drive 65p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 2SOV. Amber or red 30p. 
RESISTORS. 1CD to 10M. '14W. 'I2W. 1W, 20% 2p; 2W, 10p. 
HIGH STABILITY. '!2W 2% 10 ohms to 1 meg .. 12p. 
Ditto 5%. Preferred vatu~ ~0 ohms to 10 meg ., Sp. 

ELECTRO MAGNET--.c-· .j 
PENDULUM MECHANISM 95p Post 30p . 
1.5V DC operation over 300 hours contmuous ·on SP2 
battery. fully adjustable swing ancf speed . Idea l displays . : 
teach ing electro magnet ism or metronome, strobe. etc . · 

BAKER SUPERB £22 12in 25 watt ~ Post £1 .60 

High Fidelity 
Quality loudspeaker, low c'one resonance ensures clear 
reproduction of the deepest bass . Special copper drive and 
concentric tweeter cone. Full range reproduction with 
remarkable efficiency in the upper register . 
Bass resonance 25 cps Useful response 20-17,000 cps 
1 6, 500 gauss Flux Density 16,500 gauss B or 1 6 ohms 
models 

_ .. ~~1,~·~ BAKER "BIG-SOUND" SPEAKERS. Post £1 
'Group50/W "Group 25' 'Group 35' 

12 InCh 
l~~~ £14 

15 inch 
30watt £12 75 watt £33 
4 or B or 1 6 ohm 4 or B or 1 6 ohm B or 16 ohm 
BAKER LOUDSPEAKER,121NCH. GO WATT. 
GROUP 50/12, 4 OR 8 OR 16 OHM HIGH POWER 
FULL RANGE PROFESSIONAL QUALITY. 

£21 RESPONSE 30-16.000 CPS 
MASSIVE CERAMIC MAGNET Post £1. .6U 
WITH ALUMINIUM PRESENCE CENTRE DOME. 

TEAK VENEERED HI·FI SPEAifER CABii\fETS 
For 13x8in. or Bin. speaker £S.SO Post £1 
For 6'12in. speaker and tweeter £5.95 Post 75p 
Many other cabinets in stock. Phone your requi·rements . 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABIN~!YJ,!'DDING 1 ~~n wide 20p ft. 

R.C.S. 100 
VALVE 
AMPLIFIER 
CHASSIS 

~ 

Four inputs .. Four way mixing, master ~ol~,.;e :· freble and b~~s 
controls: Su1ts all speakers . This 'professional quality amplifier 
chassts IS SUitable for all groups.· disco. PA, where high quality 
power ts req_u~red. 5. speaker outputs. AC mains operated. Slave 
output socket. Produced by demand for a quality valve amplifier 
1 OOV line output to order £10 extra. Send for leaflet. 
Su1table carrying cab £21 Price £9 9 carr. £6.00 
·Horn tweeters 2-16kc/s. 1 OW 8 ohm or 16 ohm £3.60. 
Audax Tweeters 3-1Bkc/s. 50W B ohm £7 .50. 
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; 6V2in. £1.95; 
Bx5in .. £1.90; Bin .. £2.50. 
SPECIAL OFFER: BO ohm. 2 1/.oin .. 2 314in .. 35 ohm. 3in .. 
25 ohm. 2V2in ., 3in., 5x3in ., 7x4in. , 8 ohm, 2'12in .. 3in .. 3'12in .. 
5in ., 15 ohm, 3V,in. dia , 6x4in ., 7x4in. , 5x3in. , 
3 ohm., 2V2in., 2o/sin ., 3'12in., 5in . dia . £1.50each. 
PHILIPS LOUDSPEAKER, Bin ., 4 ohms. 4 watts, £1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Bin . diameter 4W £2.50. 1 Oin. diameter 5W £2.95; 
1 2in. diameter 6W £3.50. 3/8/1 5 ohms, please state 
MOTOROLA PIEZOELECTRIC HORN TWEETER. £7.95 
Handles up to 1 00 watts. No crossover required 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia. Sturdy job. Size 6 1/.o x 4 3/.o x 2in . £1.SO 

BAKER 150WATT 
PROFESSIONAL 
MIXER AMPLIFIER 
.All purpose transistorised. -
Ideal for Groups. Disco 

: -;::--: -· ~ ... baker-;.. . - - ~--1 

1 , .J ' ""' ... ~ It 

oooo--· ~· 
and P.A. 4 inputs speech and music. 4 _way mixing . 
Output 4 B I 16 ohms. A.C. Mains. Separate treble and 
~~~ ~~~~~~~:C~~t1e~~~lume control. £79 £1.50 ca~ . 
BAKER 50 WATT 
AMPLIFIER 

£59 Post£1 · 

Superior quality ideal for Halls/ PA-systems, Disco's and Groups 
Two Inputs with-Mixer Volume Controls . Master Bass, Treble and 
Gain Controls . 50 watts RMS . Three loudspeaker outlets 4, B, 16 
ohm. AC 240V (120V available). Blue wording on black cabinet . 

TYPE. 
Sizes 5 X 4 .. X 1 ·· 95p. 6'12 .. X 2 X 2 1/4' 65p. 
JACK PLUGS. Plastic 25p; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 3Sp. 
JACK SOCKETS. Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS -Cable end 30p. 
2.Smm and 3.5mm JACK SOCKETS 1Sp. 
2.Smm and 3.5mm JACK PLUGS 15p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin, S-pin 2Sp. 
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 1Sp. 
Screened Phono Plugs ea. 1 5p. 
TV CONVERGENCE POTS 1Sp each 
Values = 5, 7. 1 0 , 20, 50. 1 00, 200, 250, 4 70, 2000 ohms. 
·MONO PRE-AMPLIFIER. Mains operated 
solid state pre-ampl ifier un·it designed to 
complement amplifiers w ithout low levet · 
phono and tape input stages. This free-, · 
standing cabinet incorporates circuitry for 
automatic R.I.A.A. equalisation on magnetic 
phono 1nput and N .A.B . equalisation for tape 
heads. 

£4.s«r 
Post 50p 

WIRE-WOUND RESISTORS 5 watt . 1 0 wa-t'i: -1 5 watt '1Sp~·· 
CASSETTE MOTOR. 6 volt £1 .00. 

'Rl\ .. 010 COIVIPON ENT SPECIALIST.S .337 ~~!!.~~-~~~~a~:e?.~~,s-~~?vo_oN Radio Books and Components Lists ZOp. (Minimum posting charge 30p.l Cash prices include VAT. (We accept Access or Barclaycard. Phone your Order) Tel. 01-6S4 1665. 
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HILOMAST 
.SYSTEMS 

PNEUMATIC 
TELESCOPIC 
MASTS 

Pneumatic - and winch operated telescopic masts and 
towers. Vehicle, Held and wall mountings available . Many 
standard models ex-stock. 

WW-078 FOR FURTHER DETAILS 

WIRELESS WORLD. APRIL 1979 

Model146 

VERY LOW DISTORTION 
(.0015%) ' 

AUDIO SIG: GENERATOR 
Based on 

J. Linsley Hood Design (W.W.) 

£36 
(Kit. £31) +tax 8% 

Low cost version, A0113 (02% dist), £27.50 (Kit £23). Other 
instruments include : Millivoltmeter, Tachometer, Noise level 
meter, Distortion Analyser, F.M . Sig. Gen . Crystal Frequency 
Standard. KEF Speaker Units. Send S.A .E. for lists. VAT extra 8%. 
Post/Pkg. £1 .50. 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, N.9. 01-807 3719 

Closed all day Thursday 

FOTOLAK 
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER 

Enables YOU to produce perfect printed circuits in minutes! _ . · 
.Method Spray cleaned board with lacquer. When dry. place positive master of 
required circuiton now sensitized surface . Expose to daylight. develop and etch. 
Any number of ·exact copies can of .course be made from one master. W1dely 
used in industry ior prototype work. · 

Pre-coated 1 ;16 · · Fibre-g-lass board 
FOTOLAK 
Developer 
Ferric Chloride 

Plain Copper-c lad Fibre-glass . 
Approx . 3. 1 8mm thick sq ft. 
Approx . 2 OOmm thick sq . ft. 
.Approx 1 .00mm thick sq. ft 

£~.50 
30p 
40p 

204mm x 114mm £1.50 
204mm x 228mm £3.00 
408mm x 228mm £.600 
467mm x 305mm £9.00 

Single-sided 
'0:1 .25 
'0:2.00 
£1.50 

· Double-side·cr 
'0:1.50 
£2.25 
£1.75 

Single sided Copper-clad Paxolin . 10 sheets 245rnm x 150rnrn 
Clear Acetate Sheet for making master. 260mm x 260mm 

£2.50 
12p 

Postage and packing 6.0p per order . VAT 8% on total 
G. F. MILWARD ELECTRONIC COMPONENTS LIMITED 

369 Alum Rock Road, Birmingham 88 3·DR . Telephone: 021-327 2339 

[~~·cassette copiers 
~"-' from PENTAGON 
Simple operation -fully automatic 16 times speed. 
Choice of one or three copies. C32/34- . 
outproduces all other makes-75 C60 per hour. · 
Budget Price from £587 +VAT 

Model 
C32S
Mono 
C34S-· 
Stereo 

I 

Model 
C-1-
Mono 
C-4-
Stereo 

PENTAGON from OlA. 
1-7 Harewood Avenue, Marylebone Road 

London NW1. Tel. 01-724 2497. Telex: 21879 

WW-091 FOR FURTHER DETAILS 

. WIRELESS WORLD, ~PRIL 1979 

~,;r;; NEW 
WW TELETEXT DECODER 

- - - -
components and PCB for new Character Rounding "Board 4" 

available now. PCB £14.60. Kit (inc. PCB) £25.75 
·aoard 3' is also aVailable •• an additional unit to update the ·w,reless World' Teletext Decoder to 
give double height che,..cters, colour Hckground. conceal I reveal, etc., •• described in l)ecember 

1977 and January 1978 isaues of Wi"reless World 
The Kit includea plated .. mrougn 11o1e P.C.B., an componenh and inatallation in•tructiona. Price 
£33.88 +VAT (£3.47) + P&P (30p) "'£37.45 total. P.C.B. •nil•ble .. par•tely •t £19. 30. , 

Our main kits contam a_ II the /'------~.,..,--~·~-- -. -
printed circu1t boards and com- , ' 

'complete decoder. · ~~ ........ -...... ...... __ ......_......_...._ .. .._ .. ~-~ .... -~ 

A reprint of the series of articles is ~ •rl ··- ·~·" .... , : ... - .~, . ....> . • -{ 

p_onents necessary to budd the ·-~- · . 

available at [ 1.95 +large 18V2p . -~ t } '"' ·' 0 000" @' f ' j @~ 
~-~~~i5n~~d~~:r;iegi~1c:~:lf:; ~~)e ,. -~---~~~--~~~~=.: 7~..,;:..: ___ ~ __ ::- ~~ .:_ __ J 
Version with TEXAS X887. Setof5 PCBs £26.80 + 30p p&p· 
eluding VAT Components Kit (inc. PCBs) 

. £139.25 + £1.50 p&p 
Cabinet £21.00 + £1 .00 p&p 

Also PLATED THROUGH hole PCB at additional cost of t27.00 

FULL FAULT·FINDING-AND-REPAIIi SERVICE AVAILABLE
COMPONENTS ALSO AVAILABLE SEPARATELY- SAE for price list 

READY BUILT AND TESTED DECODERS- £241.87 + £5 Carr. 
DE LUXE VERSION WITH NEW FACILITIES- £292.50 + £5 Carr. 

We are ·now agents tor V.G. ElectroniCS Ltd .. and can-otter their 'model VGtl 0:.12 (as 
' supplied to broadcasting authorities, etc.) at the 

SPECIALLY REDUCED PRICE of £248+VAT = £279 

• it ilEiiliJiJfi_Dt{tJIJ .~ ifi ilij: II :t!JI; 
____ T_:_ch.:.ce:.cf_::_o::cllo:.:w.:c.ing counter i.c .s. are now available .. 

74C926 £5.30; ICM 7208 £15.70~ ICM 72160 £19.65; ICM 7226 £27.20. 
Application information also available. 

Try us for 7 segmen1 displays, display drivers and prescaler IC.s 

All prices include VAT but please add min. 30p p&p 

CATRONICS LTD. (Dept. 924)-

at ,0 nICs Communication• Houn. 
_ 20 WALLINGTON SQUARE, 
WALLINGTON, SURREY. 
Tei. 01-669 6700 

-WW-924 FOR FURTHER DETAiLS 

0.89 0.20 CD4099 
0.20 CD4502 
0.20 CD4510 
1.11 CD45 11 
0.39 CD4514 
0.20 CD4515 
0.20 CD4516 
0.20CD4518 
0.64 CD4'>20 
0.64 CD452 7 
1.39 CD4532 
0.80 CD4555 

0.83' CD4032 
0.48 C04;)33 
0.79 CD4034 
0 .83 CD4035 
0.50 CD4036 
1.11 CD403 7 
0.90 CD4038 
0.82 CD4039 
0.18 CD4040 
0.10 CD4041 
0.20 CD4042 
1.55 CD4043 
0.44 CD4044 
0 .17 CD4045 
1.03 CD4046 
0 .50 CD4047 

1.25 CD4050 
1.71 CD4051 
1.06 (04052 
2.86 CD4053 
0.85 (04054 
0.96 CD4055 
2 .78 CD4056 
0.97 CD4059 
0.75 CD406D 
0 .69 CD4063 
0 .88 CD4066 
0.84 C04067 
1 .26 <:;04068 
1.20 CD4069 
0.89 (04070 
0.50 C0•:071 

0.50 C04072 
0.43 CD4073 
0.82 C04075 
0.82 C04076 
0 .82 C04077 
1.04 CD4078 
1.t8 C04081 
1.18 C04082 
4:29 CD4085 
1.00 CD4086 
0 .98 (04089 
0.55 C04093 
3.35 CD4094 
0 .20 CD4095 
0.20 CD4096 
0.46 CD409 7 
0 .20 CD4098 

1.69 CD4~>56 0.78 
0 .94 MC14528 
0 .94 MCI-1553 
3 .35 

CD4048 0.98 

CRYSTALS MEK6800DZ 
1.30 32.766 KHz 2.95 MC61100 
1.30 MC61120 
4.90 MEMORIES/" Ups 180-CPU 

2102H 1.85180A-CPU 
?112A-4 2.90 180-CTC 

free dala IS av;ilable on some of lhese ilems. SEND FOR FREE CATALOGUE 180-PIO 

SOME 74LSTTL 
NOW AVAI-LABLE 

PLEASE SEND 
FOR LIST 

io-;;; offic~s are at Chapei Street:· Oxf;;;d:;:;;;;~~~e do not use this as a postal address 

190.00 
13.88 
6.94 

16.80 
22.40 
10.15 
10.15 

FAST SERVICE. We guar8ntee th•t Telephone Orders for goods in llock, received by 4 .1 5 
p.m. CMon .• fri.l will be dispatched on the aemeday by 1at Clasa Poat Caome heavy items by 
parcel post) end our stocking ia good. Private cu•tomen should telephone •nd pay by giving 
1heir Access or Ba.:-cl~ycerd number !Nith • minimum value of£ 5. Offichil orders r:'O minimum. 
Off'ocial o..S.., CompaniH, Govt., Nate. lnda., end Univa. 
ORDERS: C.W.O. add VAT at 8% + 35p p&p . TELEPHONE and CREDIT invoiced ORDERS add VAT 
at 8% + GOp p&p minimum charge (the balance will be charged at costl . Please send FAST 
SERVICE . EXPORT OROBRS welcome. no VAT but ada 10% (Europe) . 15% (Overseas) for A ir Mail 
p&p For export postage rates on heavy tiems-cdntact us first 

fC:J ~'"0 '0"" ~~N:g~ 75C OXFORD!~~~ i ~ ~. ~ ORDER TO Tel: 0865 49791 ~2! ~!! ~ ~ 

• J 

SAME~DAYDESPATCH 
M~JNS ISOLATOR VAT 8% 12 or 24-VOLT 

Pl;ll 120 or 240V Sec· 1 20 or 240V Separate 12V windings Pri 220-240V 
Centre Tapped and Scree~ed Ref Ampa £ P!.P 

Raf.VAIWBtl$1 £ PiliP_· 12v 24v 
OH 20 4.40 .79 111 0.5 o-.25 

149 60 6.70 .96 213 1.0 0.5 
150 100 7.61 1 '1 4 71 2 1 
151 200 11.16 1.14 18 4 2 
152 250 13.28 1.50 85 5 2.5 
153 350 ,.6.43 1.84 70 6 3 
154 500 20.47 2.15 lOS 8 4 
155 750 29.06 · OA 72 10 5 
156 1000 37.20 OA 116 12 6 
157 1500 51.38 OA 17 16 8 
158 2000 81.81 OA 115 20 10 
159 3000 86.66 OA 187 30 1 5 
*115 or 240 sec only State volts 226 60 30 
quired. Pri 0.220-240V. 

VOLT 
E Pri 220-240V 

Pri 220-240V. Sec. 0-20-25-33-40-SOV. 
Volia9es available 5, 7, 8, 10, 13. 15. 
17. 20. 25. 30. 33. 40or 20V-0-20V and 

Sec. 0-12-1 5-20-24-30V 
Voltages available 3, 4, 5, 6, 8, 9, 10, 12, 15. 18, 

20, 24. 30V or 1 2V-0-1 2V and 1 5V-0-1 5V 

Rltf. - Amps £ P&P 25V-0-25V Screened 
- Alnp.s-··-£- - ·---,.ji 

0.5 3.41 .78 
1.0 4.57 .96 
2.0 7.16 1.14 
3.0 8.56 1.32 
4.0 15.06 1.50 
6.0 14.62 1.64 
8 .0 20.26 2.08 

0 OA 

Sec 0-24-30-40-48-BOV. Voltages 
available 6. 8, 10, 1 2, 16, 18, 20, 24, 
30. 36, 40, 48. 60V, or 24V-0-24V 

and 30V-0-30V 
Amps- · - £ 

0 .5 3.88 
1.0 5.91 
2.0 7.60 

' 3.0 11.00 
4.0 12.52 
5.0 15.84 
6.0 18.06· 
8.0 25.56 

10.0 29.55 
12.0 34.06 

Ref. 
238 
212 

13 
235 
207 
208 
236 
239 
214 
221 
206 
203 
204 

112 0.5 2;64 .78 
79 1.0 3.51 .96 

3 2.0 5.77 .96 
20 3.0 6.20 l.14 
21 4.0 7.99 1.14 
51 ' 5.0 9.87 1.32 

117 6.0 11.17 1.45 
88 8.0 14.95 1 '64 
,89 10.0 17.25 1.84 ' 

IA'fURES Primary 240V 
mA Voita-- - --.--£· ---...-11" 
200 3-0-3 2.57 :55 
1A: 1A 0-6.0-6 2.85 .78 
100 9-0-9 2.1 4 .38 
330,330 0-9,0-9 1.9.9 .38 
500, 500 0-8"9. 0-8-9 2.77- .71 
1A, 1A .0-8-9,0-8-9 . 3 .• 53 .78 
200,200 0-15,0-15 1.!~9 .38 

~g~~oo '6~2g: 12~2o . ~:=~ :~~ 
700 (DC) 20-12.-0-1 2-20 3.~1 . 78 
1A, 1A 0-15-20,0-15-20 ·4.63 .96 
500.500 0-15-27. 0-15-27 ' 3.99 .96 

·1A.1A 0-15-27,0-15-2-7 6.04 .96, 

15 0-115-210-240V 
7 5 0-11 5-210' 240V 

RME 

1 50 0-115-2Q0-220-240V 
300 " soo' 

1000 
1500 
2<000 
3000 
4000 

5Q9_Q =-~,.-'---=--=---

11.7 
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ELECTRONIC KITS -oF DISTINCTI.ON FROM 
DE LUXE EASY TO BUILD LINSLEY-HOOD 75W AIV_IP_LIFIER 

Pack Price 

1. Fibreglass printed cir.cuit board l or power 
amp . . .. . ..... .. . .. . ..... . . . . . £1.15 

2. Set of resistors, capacitors. pre-sets lor power 
amp . . . .. · .. ... . ... . .. . . .. . . .. . £2.50 

3. Set of semiconductors lor power amp . .. £6.50 
4. Pair ol2 drilled. finned heat sinks . . .. . E1.10 
5. Flbraglass printed-circuit board lor 

pre-amp .. . . : ... .. ... ..... .. .. . E1.90 
6. Set al low noise resistors. c1pacitors. pre-sets lor 

pre-amp ..•.. . .. . . . ... .. .• . . • . .. £4.10 
7. Sat of low neise. high gain semiconductors for 

pre-amp .. . .. ....... , .... . . . .. . E2.40 
8. · Set of potentiometers pncluding mains 

switch) .. . . . .. . . .. . . . .. .. . . .. . . £3.50 
9. Set ol 4 pusb~uHon switchiS, rotary made 

Pack 1· Price 
11. Fillnglass prinled-circuil board lor power supply· 

. .. .. . : . . .. ... . . .. . - .- . .. - . ..... £0.85 
1Z. Sel ol resistors, capaciton. secondary fuses. 

semiconduclors lor power supply . . ... . £5.40 
13. Sel of · miscellaneaus parts including DIN skis .. 

mains Input ski .. fuse holder. interconnecting 
cable. control knobs .... . . . .. .. .. . . E6.ZO 

14. Set ol melalwork parts including silk screen 
printed fascia panel and all brackels. fixing parts . 
etc. . ... . .. . .. . .. .. .. .. •.. . . .. E8.ZO 

15. Handbook . . . . . . . . . • . . . . . . . . . . .. £0.30 
16. High Quality Teak Veneer cabinet 18.3" x 1Z.7" x 

3.1" ... . ... . . . .. ... . .. .. . . . .. £10.70 

AVAILABLE AS SEPARATE PACKS 
PRICES IN OUR FREE CATALOGUE 

SPECIAL PRICE FOR COMPLETE KIT 
The standard model of our kit for Mr. linsley-Hood·s 75 watt desi~n has for a long tim'e O!fe red exceptio.nal 
performance at a very modest cost with high quality high power ready-butlt units of comparable quality generally bemg 
over three times the price. · 

· t-eatz;res of the3mplifier 1ndUde \/ery low distortion (loss tt'lan 0 .01 %), 75W rms per channel power output, rumble · 
filter , variable slope scratch fi lter. variable t ransition frequency tone con trols, tape monitori ng facilities and ind iv1dua!ly · ~ 
adj~table inputs. This model is based on 5 circuit boards which not having the controls mounted on them can. if :D 

~·~;r~:~b~=~:;~~:':du;~-"~~~:p;:•:::r;s h:h~;·~~:~:::~::tu:ii:h•::,:mp~:.:: :•o5:t~:: :~~::t•~:.~:~ed to have the : 
potentiometers and switches mounted upon them. This system almost eliminates internal wiring , making installation , :z=-
after their assembly. delightlullt straightforward. and as each board can be easily removed in seconds from the 
chassis. checking and ma intenance is so simple that even newcomers to electronics will be able to cope competently 
with the ki t. Additi onal features of our rlew model are inclusion of the latest c ircuit improvements. generously sized 
heat sinks for heavy duty use. even in trOpical climates. and metal oxide resistors throughout for long-term stability and 
reliability. · · 
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w switch ... . .... ........... . ... . . £5.40 
c 1 D. Toroidal tnnslormer complete with magnaiic 
z screen/ housing primary: 0 117-234 V: -secon-

Z each ot packs 1-7. 1 each of packs 8-16 inclusive are 
required lor complete stereo amplifier. Total -cost 
of individually purchased packs ...... £92.80 

C daries: 33-0-33 V, Zlt-O-Z5 V ..... . .. £I Z.95 PACK PRICES FOR STANDARD K IT £79.80+VAT ..... 
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Designec:J in response to demand for a tuner to complement the world-wide acclaimed 
Linsley-Hood 75W Amplifier, this kit provides the perfect match. The W ireless World 
(Sking ley and Thompson) published original circu it has been developed further for 
inclusion into this outstanding slim line unit and features a pre-aligned front _end module , 
excellent a.m. rejection and temperature compensated varicap tuning, which may be 
controlled either continuously or by push-button pre-selection . Frequencies are indicated 
by a frequency meter and sliding LED indicators, attached to each channel selector 
pre-set. The PLL stereo decoder incorporates active filters for " birdy' · suppression and 
power is supplied via a toroidal transformer and integrated regulator. For long term 
stability metal oxide resistors are used throughout. 

AVAILABLE AS SEPARATE PACKS - PRICES IN OUR FREE CATALOGUE 

LINSLEY-HOOD CASSETTE DECK 

SPECIAL PRICE FOR COMPLETE KIT £79.60 +VAT 

SPECIAL _PRICE FOJ;l COMPLETE KIT 

WIRELESS W9RLD FM TUNER . 

SPECIAL PRICE FOR COMPLETE KIT £70.20 +VAT 
Pack Price 

1. Stereo PCB (accommodales Z rep. amps. Z meter, 
amps, bias/erase osc. relay) . . . . . . . . £3.35 

2. Stereo sel ol capacitors, M.D. resistors. poten-
tiometers lor above ... . . .. . . £7.95 

3. Stereo set ol semiconductors lor above . £8.50 
4. Miniature relay with socket . . . . . . . . . £2.90 
5. PCB. all components for solenoid. speed control 

circuits .. . .. .. .. -. . . . . . .. . . . , .. £3.80 
6. Goldring-Lenco mechanism as specified £18.50 
7. Function switch. knobs .. . ... . . . •• . £1 .90 

~: ¥~~~ydu.r;~~rn~~~~~~m:rt~n~~~~Pscrean E:ri~ 
0- f17V. Z34V. Sec. 15V . . . . . . . . . . . . £4.90 

Pack Price 
I 0 Set or capacitors. rectifiers. I.C. voltage regulator 

. P.C.B. lor power supply (Powertran design) £2.80 
11 . Set ol miscellaneous parts. including sockets. ruse 

holder, fuses. interconnecting wire. etc . £3.40 
1 z. Set ol metalwork including silk screened las cia 

panel. internal meen.llxing parts, etc . £7.10 
13. 'Conslruction notes . . . . . . . . . . . . . . . £0.25 
14. High Quality Teak Ve1eer cabinet 18.3" x IZ.7" x 

3.1" .... ... . . . . . · . . . . .. . .. ... £10.70 

One each ol packs -1-14 inclusive are required lor 
complete stereo casselte deck. Total cost ol 
individually purchased packs . . . . . . . £83.00 

Matsushita WY 436 AZ head (optional extra) . '£4.50 
(free with compete kill 

Published in Wireless World (May , June, August 1 g76) by Mr. Linsley-Hood. thi~ design , although stra ightforw'ard ar,1 d relatively low cost. nevertheless provide; a very high standard of 
performance . To permit circu it optimization separate record and rep1ay amplifiers are used. the latter using a discrete compo'nent front-end designed such that the n·oise level is below that 
of the tape background . Pushbutton switches are used to provide a choice of equalization time constants , a choice of bias levels and also an option of using an additional pre-amplifie.r for 
microphone use. The mechanism used is the Goldring-Lenco CRV. a unit distinguished in its robustness and ease of operation . Speed control and automatic cassette ejection are both 

-implemented by electronic circuitry . This unit which is powered by a toroida l transformer and uses metal oxide re_sistors throughout offers an excellent '{Tlatch for the Wireless World Tuner 
and the Linsley-Hood 75 Watt Amplifier . Circuit changes as published in February, 1 g7s, follow-up article are 1ncluded in the k1t AT NO EXTRA COST' A higher performance head 
(Matsushita WY 436 AZ head as recommended in the folloyv-up article) is offered as an optional extra but this will be automatically supplied FREE OF CHARGE with all orders for complete 
kitS! , . , . , 

T20 + 20 AND T30 + 30 
20W, 30W AMPLIFIERS 

SPECIAL PRICE FOR COMPLETE KIT £47.10 +VAT 
AVAILABLE AS SEPARATE PACKS- PRICES IN OUR FREE CATALOGUE 

Following the success of our Wir eJess World FM Tuner K it ·,t~ isrcost reduced model was 
des1gned to complement the T20+20 and T30+30 amplifiers and the cabinet size . front 
panel format and electrical charactet istics make this tuner compatible with either . 

~:~~1~;~d ~~,"f~=~~n e~J:7 a8~~~a~~~e~~~ci~~fudd~n a ';!~~~\~~11 ~~~~~~~~ ~~:n:i:~ ~ i~6~a ~~ ~ ~r~::~~~ t~~~~=~~ i ~~n~ 
T20+ 20 delivers 20W rms per channel of true ~ i- Fi at exception311y low cost . The aa•v to build design. is based 
on a sing le F/ Giass PCB and features all the normal facilities foUnd on quali ty amplifiers includ ing scratch .and 
rumble filters . . ad.aptable input selector and headphon~s socket . In a follow-up art icle fn Practical Wireless further 
mod ifi cations were suggested and these have been incorporated into the T30+30 . TheSe in.1= lude RF 
interference fi lters and a tape monitor facility. Power output of this model is ' 30W rms per chan riel 

SPECIAL PRICES FOR COMPLETE KITS 

T20+20 KIT PRICE £33.10 +VAT 
T30+30 KIT PRICE '£38.40 +VAT 
AVAILABLE AS SEPARATE PACKS- PR ICES IN OUR FREE CATA LOGU E 

PRICE FOR COMPLETE KIT £35.90 +VAT 
- AVAILABLE p.s COMPLETE KIT ONLY 

This is a simple. ·low cost design which can .be constructed easily w ithout special alignment 
equipment but which sti ll gives a first-class output su itable for feeding any of our very popular 
amplifiers or any other high quality audio equipment. A phase-locked-loop is used for stereo 
decoding and controls include switchable ate . switchable muting and push-t?utton c~annel 
selection (adjustable by controls on the front panel). This un it matches well with the T20+20 
and T30+30 amplifi : rs . 
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200+ 200 watt AMPliFIER 
.As ;eaturea m i.:iectronics lociay International 

4UUW rms continuous-- BOOW peak! 
0.03°/o THD at FULL power! 
PLUS all the following features too! 
* Each channel totally independent w ith its own stabilised power supply d · b . 

TOROIDAL tra nsformers! nven Y custom des1gned 

* In herent rel iabil ity- monster heat sinks for cool run ning at t he hottest' ven 1 short circUit protect ion! · ues- e ectronic open and 

* Ultra low feedback (an incredible low 1 4dB overalll). super high slewing rate 20V 
continuous to 4 ohm from EACH cha nnel. input sensitivity 0 . 7 7 5V (OdB) . ( 1 ~ s), 20 0W rms 

* Profess1onal quality components. sturdy 19 · · rack mounti ng chassis complet 'th 1 d f 
for free standmg work too. e w 1 s eeve an eet 

*- Easy to bui ld - plenty of working space with ready access to all com 
0 

• · · . - . 

extens1ve mstruction su1table for both experienced' constructors and newctm~~snt~ -e~~~;~n~~;'' n ng. 
* ~:b~~ fo r money - quality and performa nce comparable with ready-built ampl if iers costing over 

Cabinet size 17 .2" x 6 . 7" 

COMPLETE KIT ONLY £196.90 ~ VAT 

READ THE REVIEW 
IN SOUND INTERNATIONAL DEC 78! 

The kit includes fully f inished metalwork. fully assembled sol id 
teak cab1 net. filter sweep pedal. professional quality components 
(a ll res1stors e1ther 2% metal oxi de or V2% meta l film I) and it really 
IS co:nplete -:- nght down to the last nut and bolt and last piece of 
w~re . There IS even a 13A plug in t he kit - you need buy 
absol~tely no more parts before plugg1ng in and making great 
mus1c. Virtually all the components are on the one professional 
qual1ty f1bre glass PCB pnnted w1th component locations. All the 
controls mount directly on the main board . al l connections to the 
board ~re made w1th connector plugs and construct ion is so 
Simple It can be bUilt eas1ly m a few evenings by almost anyone 
capable of neat soldenng ! When fi nished you will possess a 
synthesizer comparable m perfo rmance and qua lity w ith ready 
built un1ts sell1ng for between £500 and £7001 

COMPLETE KIT 
ONLY 

£1 72~00 + VAT! 
Comprehensive handbook supplied with all complete k its! This 
fully descnbes construct1on and te lls you how to set up you r 
!~';;~es12er With nothmg more than a multi-meterand a pair of 

rh,, w""""'"'m'~"~ ~. ~"~'~!~.~gY,!"~~~'~'"~:~~ANNEL LIGHTING EFFECTS SYSTEM 
lights IS comprehensive to say the _least. You can run the unit as a straightforward so AL has 5 frequency channels With mdividual leve l controls on each channel . Contro l of the 
settmg or use the mternal digital Circuitry which produces some superb random and o;tave ~ st~ob~ a lithe lights at a speed dependent upon music level or front panel control 
mm1mal and construction very straightforward . e ects . ac c anne! handles to 500W and as the kit 1s a single board design wiring is 

K,it includes fully finished metalwork. f ibreglass 
PCB, controls, w1re, etc. -Complete right down to 
the last nut and bolt' 

COMPLETE KIT ONLY 
£49.50 +VAT 
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. . . _ . . MPA200 100W MIXER/ AMPLIFIER 
Featured as a constructional art icle 1n ElectroniCS Today International the MPA 200 is anexce -ti · · · - · - ---,-- - . . 
WhiCh has an adaptable range of inputs such as disc, microphone, guitar. etc; . There are 3 wid~ r~~ally low-pnced but professiona lly fmlshed gene ra l purpose. rugged, h igh-power amplifier 
extreme With min imal wmng making construction very straightforward. Kit includes full f . h d ge tone controls and a ma.ster volume control. Mechan ically the design is simplicity in the 
bolt! .· Y In IS e meta lwork, f1breglass PCB s, controls, w1re. etc. - Complete right down to the last nut and 

COMPLETE KIT ONLY 
£49.90 +VAT 

All kits also available as separate packs (e.g . 
P . ~ . B . _component sets, hardware sets, etc .) . 
Pnces rn FREE CATALOGUE. 
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EXPORT A SPECIALITY! O~r ~xport De~artment can read ily despatch orders of any size to any country in the world So , ·· 1 · h .. _,_ · -, 

weights of all packs and kits . Th is will be sent free on request by airma i~ t~~e~:rs!7tth ~~r1 ?.~ year are shown in _this advertisement . To assist in vstimating postal costs 0~7 c~t~ loeg~~u;~~:~~~ 
same as for U.K. customers but no Value Added Tax charg~d . Postag~ charged at actual co xpo;t p~~al Guide wh ich gives current postage pnces. There IS no m inimum order chec'le . Prices' 
Order. International Money Order or cheque drawn on an account in the U.K. Altern ative! / t P ~s P do~umentaton and handlmg. Please send payment· With order by Bank Dra~ft , p,sta f en 

Y or or ~rs over 500 we w1ll accept Irrevocable Letter of Credit payable at sight in London . ; 

c 
iiC .... 
U) 

= c 

Value Added Tax not included in prices ~~CALITY: All components are brand new first g rade full spec i fi cat i o ~ guarante-ed dev ices All res.istors ; ~ 
UK Carriage fREE ' dri ll=~t ~rere stated as metal ox, de_) are_ low noise carbon film types. A ll printed circuit boards ~ re flbreglass en 

PRICE STABILITY Order with confidence! Irrespective of any pr ice 
changes we ':"'II honour all pnces In th1s advertisement until Ma 31 1 9 79. 
of tho<: month s advertisement IS mentiOned with yo ·. d E y . d VAT 
r€!! !l chan~es excluded. · u.r or er. rro rs an 

U.K. ORDERS: Subject to 1 2Y2 % - surcharge for V-AT (i e add v, o th e 
pnce) . No charge IS made f~r ca rnage ' Or current rate i f charged . • t 

~dEdcg,R~g~A~Fn~:~s~v~r ~:ro~i;h's optional service (U K ma in la nd on ly) 

SALES COUNTER: If you prefer to collect your kii f ro~ th f · 11 t 
Sales Counter (at rea r of factory) Op en 9 a ·-4 

30 
9 actoMry . cad a_ 

Thursday .m. · p .m . on ay 

ro er tm ned and supp l1ed Wi t h CirCu it diagrams and construction lay,outs. _ · 

FOR FURTHER INFORMATION PLEASE WRITE OR 

TELEPHONE FOR OUR FREE CATALOGUE 

POWERTRAN ELECTRONICS 
PORTWAY INDU STRI_A L ESTATE A NDOVER 
A NDOV ER HA NTS 'S'P 10 3NN (0 2 64) 6 4 455 _ 
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C.T.ELECTRONICS(ACTON) ~~~=· 
LT'.. Registered in England 11 79820 · 

.,. 267 & 270 ACTON ~ANE, . LONDON W4 5DG. Telephone: 01-994 6275 

CMOS 

400008 0.17 40278 0.44 40758 0.20 
400108/8 0.17 40288 0.77 40768 1.17 
400208/8 0.17 40298 1.03 40778 0.38 
40068 1.04 40328 0.19 40788 0.20 
400708 0.11 40348 1.71 40818 0.20 
40088 0.17 40408 0.97 40828 0.28 
401108/8 0.11 40438 0.18 40938 o.1o 
401208/8 0.20 40448 0.84 401608 1.19 
40138 0.43 404908 0.50 401618 1.19 
40148 0.13 40508 0.43 401628 1.19 
40158 0.13 40518 0.12 401638 1.19 
40168 . 0.41 40528 0.12 401748 0.15 
40178 0.78 40538 0.12 401758 D. II 
40188 0.13 40668 0.55 401948 1.11 
40208 1.11 40688 0.20 45101 1.01 
40218 0.90 406908 0.20 45118 1.25 
40228 0.12 40708 - 0.41 45128 0.91 
402308/8 0.11 40718 0.20 45168 1.01 
40248 0.70 40728 0.20 45188 0.97 
402508/8 0.20 40738 0.20 45288 0.10 

TTL 
74110 0.12 7451 0.20 74141 0.75 
7401 0.12 7453 0.20 74150 1.111 
7402 0.12 7454 0.20 74151 0.70 
7403 0.12 7460 0.20 74153 0.70 
7404 0.12 7470 0.35 74154 1.110 
7411 0.11 7472 0.30 74155 0.70 
7411 0.32 7473 0.30 74156 0.15 
7407 0.32 7474 0.30 74157 0.70 
7408 0.20 7475 0.45 74160 0.95 
7409 0.20 7476 0.35 74161 0.50 
7412 0.20 7410 0.10 '74162 1.110 
7413 0.30 7481 1.1111 74163 1.1111 
7414 0.70 7482 0.90 74164 1.1111 
7415 0.30 7483 0.10 74165 1.111 
7411. 0.30 7484 1.10 74166 1.110 
7419 0.50 7485 0.90 74167 2.50 
7420 0.11 7486 . 0.30 74110 2.1111 
7421 0.20 7489 1.10 74114 0.15 
7422 0.35 7490 0.35 74175 0.10 
7423 0.32 7491 0.50 74176 0.10 
7425 0.30 7492 0.45 14m 0.10 
7426 0.30 7493 UD 74180 o.• 
7427 0.30 7494 0.90 74181 1.15 
7428 0.40 -7495 0.65 74182 0.95 
74JI 0.111 7496 0.65 74184 1.50 
7432 0.21 7497 1.90 74185 1.50 
7433 0.110 74100 1.40 74188 2.50 
7437 0.30 74104 0.70 74190 1.1111 
7438 0.30 74105 1.70 74191 1.00 
7440 0.11 74107 0.30 74192 1.00 
7441 0.70 74J09 8.55 74193 1.111. 
7442 0.50 74110 0.55 74194 1.00 
7443 1.30 741111 0.95 74195 0.95 
7445 ' 1.111 74119 1.30 74196 0.95 
7446 1.110 74121 0.28 74197 0.10 
7447 0.75 74122 0.55 74198 1.&0 
7448 0.75 74123 0.55 74100 1.60 · 
7449 1.110 74125 0.50 
7450 0.20 74132 0.70 

6'\ IMHOFF 19" Racks. Brand new. £25.00 each 
+8%VAT. 

ALUMINIUM BOXES SPECIAL OFFER 
Rll1il price 741 15p +8'/eVAT 

lal w H 8 pin D.I.L. 
Nl7 (5Y• 2\1 1111 0.70 
NIB 14 4 1Yrl 0.70 

A89 ~ 2% 1\11 0.70 
MilO 5% 1Yrl 0.70 VEROBOARDS Mill 2\1 2 I 0.15 
Nl1213 2 1 I 0.70 
Nl131& 4 2 I 1.110 0.1" Pitch Copper Clad 
A814(7 5 2l1f 1.20 2.5 " X5" 0.59 
A815 (II 6 3 I 1.55 2.5"X3 .. 75" 0.50 
Nl16(10 7 3 I 1.75 2.5" X 17" 1.77 
A811(10 4\1 3 I 1.45 3.75"X5" 0.18 
ABlB (12 5 3 I 1.75 3.75"X3.75" 0.59 
Nl19(12 8 3 I 2.40 3.75"X17" 2.28 

4.7"X17.9" 2.99 
BWE REX.E COVER£D 2.5" X 1" (Sold in 5s) 0.70 

RBI (6 4\1 2!41 1.45 
R82 (II 5 3 I 1.70 0.1" Pitch Plain Board 
RB3 19 5 3Yrl 1.110 3.75"X 17.9" 1.49 
RB4 (11 6 4 I 2.30 3.75"X2.5" 0.31 
R85 Ill 1Yt 4\11 2.70 3.75"X5" 0.51 

0.15" Pitch Copper Clad ' 
2.5"X5" 0.53 
'2.5''X3.75" 0.44 

Vero 19" sub rack units 3.75"X 17" 1.98 
1) Large DL27696, will accept 3.75"x5" 0.74 
card size 203(L) X(190-

0.1 5" Pitch Plain Board 
~~~~~8~46rrc~~i AlB 5"X3.75" 0.47 
will accept card size 2.5"X5" 0.30 
203 X (95-11 5)mm. £1.00 

New V-Q DIP BOard +8%VAT 1.11 

TRANSFORMERS, all 24.0V primary 
6-0-6 500mA (63X35X48) 
0-11, 2A; 0-22, 1A (76 X64x 60) 
12V 130mA(36X45X40) 
17V 300mA (44X47X 74) 
18V 2A (BOX 55 X 70) 
1.8V 2.5A (115X65X62) 
28V 200mA (53X45X 37) 
32V 250mA(46X37X31) 
0-2-4-6-8-1 0-1 2, 0-1·1, 5A 

AUTO TRANSFORMERS 
0-11 0·115-120-230-240-250V 150VA 
0-11 0-115-230-250V 2KW 

MAINS FIL TEAS 

£1.40 
£2.40 
£0.75 
£1.50 
£2.80 
£2.50 
£1.00 
£1.20 
£6.00 

£1.50 
£20.00 

Potter 30A, 12 5V (184 X 51 x 70). Sealed £3.00 
Erie SA. 250V (61 X 120 x 4 7). Diecast box £5.00 
Brimar CRT M 17 I 1 5GV, with scan coils and Wallis 
power supply . Rectangular screen (96 X 130) £20.00 

CINCH BARRIER STRIPS 
5A 8-way (57 X 6) 
1 OA 6-way (66 X8) 
lOA 10-way (105X8) 
1 OA 12-way (124x8) 

CAM TIME;RS by General Time 

£0.16 
£0.24 
£0.40 
£0.48 

0-4 .5min. with 22A 150VAC ms (70X 70X60) 
£4.00 

0-60sec. with 1 OA 250VAC ms (84 x 84 fascia) 
. £4.00 

1-17sec. with 1 OA 250VAC ms (80 X 80 X 50) £4.00 

LARGE PANEL METERS (Clear view) 
Sl fam 140-0-140microAmp (1 07X 145). Calibrated 
0-14 and 7-0-7 Boxed £5.00 
Anders 1 rnA f.s.d. (145 X 115). Calibrated 0-15KV, 
boxed . £5.00 

We have at time of press over 2 million Electros.il & 
Welwyn Metal Oxide Resistors well below manufac· 
turer's price: Phone for details. 

This-advertisement is a fraction of stock held by us. 
Phone for details: 

No mail order accepted unless over £5.00. 
Hours of business 9.30am-6pm, Man-Sat con
tinuous. Carriage & packini:J charge extra. Govern
ment, colleges and export welcome . 

We have considerable stock of PT1 0 & PT1 5 Presets. 
Special price for PT 15 of the followin.g value: 1000, 
1k5, 2k2, 4k7, 10k, 22k, 47k, lOOk : All the above 
values @£25/ 1 ,000. @12% VAT. Retail prices all 
values 1 Op either PT 1 0 · size or PT 1 5. Open or 
enclosed. 

220011F 100V computer g,rade electrolytic Mullard 
£1.00+VAT. 12% . 

PL259 Plugs with Reducers &Op each retail. S0239 
to suit Plug (259) Bulkhead Socket 45p each +So/a 
VAT. 
BNC Plugs. Brand new. 30p +8% VAT. Either 500 or 
750. . 
N Connectors available at a fraction of list price. Phone 
for details. 

Sealectro Plugs (miniature) Conhex for VHF & UHF 
· applications 

75p straight entry type 51-130-3187-91. 90p 
right-angled gold plated type 055-014-3196. 
All the above RF Connectors are held in depth and are 

brand new. 
Cassette Monotape Heads V4" £1.00 each. Brand 
new. 
Cassette Erase Tape Heads V.." £1.00 each. Brand 
new.+ 12'1<% VAT. 
Potentiometers W. Wound 10-1 OOv by A. B. or 
Colvern Ltd, 1 V2 watt 40p, 3 watt 60p, 5 watt BOp. 

ROTARY SWITCHES available in 30 different types, 
prices range from 45p-£1.20 + 8% . 
PREH Television Push-button Tuner Units. 4 and 6 
button, brand new in original boxes. 75p each 
+ 12%% VAT. Large quantity available . 
*SPECIAL OFFER* 1 OOk LIN Mono Slider Poten
tiometer by Noble (metal body). 63mm length , price 
20p each +12V2 VAT. All boxed as original. Dis
_count on quantity. 

EDGE CONNECTORS 
Single sided 0.1 pitch: 
24-way (fixing holes 73mm)-UCL 
40-way (fixing holes 118mm)-RS 
78-way (length 204mm)-UECL 
Single sided 0.15 pitch : 

£0.70 
£1.20 
£1.50 

15-way (fixing holes 73mm). Gold plated. EB £0.60 
18-way (fixing holes 85mm) inc. locating pin £0.75 
32-way (fixing holes 136mm). Gold plated. EB£1.50 
27-way (fixing holes 122rrim) £1.30 
Double sided 0. 1 pitch: 
2 X 40-way (fixing holes 11 7mm). Gold plated £2.00 
Double sided 0 .1 5 pitch: 
2X40-way (fixing holes 165mm). Gold plated £2.00 

PUSHBUTTON SWITCHES by A.B. Electronics 
4-way 2PCO, £0.50, 7-way, 5 X 2PCO, 2 X 4PCO 
£0.80 

ILLUMINATED SWITCHES by Licon 
Rectangular snap in (0 1-800 series). 1 OA contacts. 
Min. flange bulb holders 
2PCO Latching £1.50 SPCO Momentary £1.00 
2PCO Momentary £1.50 Indicator only £0.50 
Price includes lenses but not bulbs. 
Red, yellow, blue, green and white lenses available . 

KEYSWITCHES - HEAVY DUTY by Kraus & 
Naimer 
2P (1 PM-1 PB) 12A 600VAC £1.50 49mm square 
1 OP (4PM-6PB) 12A 600VAC £3.00 fascia 
By Baco: . 
8P (4PM-4PB) 1 OA 380VAC £3.00 

LEVER SWITCHES GPO BP1000 Type 
4PCO, BPCO with knobs 
All the above at 8% VAT 

£0.60 

*SPECIAL OFFER* 2k 2 LIN single gang Poten
tiometer by Egen. V.." shaft, %"bush plastic spindle . 
Price 10p each + 12Y2% VAT . Discount on quan
tity. 
Miniature Moulded Track Presets by Plessey. 
Screwdriver operation . 0.25W dissipation. PCB 
fixing . 15paach +8%. • 
Open Cermet Presets. Most values in stock. 15p each 
+8% VAT. 
Trim pots 1 00-500k0 10 turn and 20 turn SOp each 
+8% VAT. By MEC, Paignton, Bournes Mini Square, 
%" rectangular or 1 V2" rectangular Cermet or W. 
Wound. 
Convergence Pots. Most television values. 20p each 
+12WYoVAT . 

MOTORS 
(+8% VAT) 

PAPST Motor HSZ 20-25-2-425 EEM . 42V 50CIS 
1 011f cap across size: < 6cm Diam 3Acm. Shaft: < 
1. 7cm Diam 4mm. £1.00 each. 
Smiths Motor 240V 50 CIS 3-hole fixing. Spaced 
4. 75cm 3rpm. Shaft 1.5cm 3mm diam. £1.50 each. 
Cassette-deck Motor by Fujiya. 6V DC. < 3 . 2 Scm. 
Diam. 3.5cm. Shaftdiam 2mm <.9mm. 3-holefixing 
4cm to centres. £1.25 each. 
General Time Motors with clutch. 240V 1 I 5rpm. 
2-hole fixing. 4.75cm : 3cm depth. Body .diam. 
4 .85cm. Shaft length lcm, diam 3mm . £1.50 each. 
Crouzet Motors . Speeds 6rpm and 1 Orpm. 2-hole 
fixing . 4.75cm, 3.9cm depth~ Body diam. 4.5cm. 
Shaft <0.9cm. Diam. 4mm. £1.50 each. 
Miniature DC Motor 4-1 5V operation. High torque. 
< 3.5cm. Body diam. 2cm. 2-hole front fixing, shaft 
diam. 1.75mm. £1.00each. · 
Plus large stocks General Time Motors in the following 
speeds: 1 I 1 80, V2 rph 12V DC; 1 I 5rpm 240V; 1 rpm 
240V. 
Miniature Motor Clutches by General Time (USA) 24V 
operation. Body diam. 2.2,cm, 6mm shaft centre. 
£1.30 each. · 

The above advertisement is a fraction of our stock holding. 
Trade & Export welcome. No Mail Order other than trade. 
VAT extra 8 °/o or 1 2 °/o. P& P dependent on article, etc. 
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NEW SURPLUS NEW SURPLUS LINEAR 
CA3014 £2.00 
CA3018 .70 
CA3020 2.00 
CA3028 .90 
CA3036 1.10 
CA3046 .70 
CA3048 2.30 
CA3075 1.60 
CA3089 2.75 
CA3090 4.20 
CA3140 0.9~ 

LM723 .40 
LM725 2.20 

STABILISED POWER SUPPLIES:-
TTL TEXAS 

INSTRUMENTS 

AT DISPOSAL PRI.CES, in packs 
of 25 except 74198(15) and 
74151(5). 

STOCK UPDATE: 

Unit 
Device Stock Price Unit 
7 400 84 7 5 .075 Device Stock Price 
7401 75 .075 74109 515 .15 
7402 1459 .075 74123 2000 .25 
7404 8650 .075 74125 2264 .20 
7408 2000 - .08 74153 1425 .30 
7412 280 .18 74161 39025 .40 
7413 738 .15 74163 700 .40 
7428 454 .22 74164 275 .40 
7430 7050 .09 74175 1000 .30 
7437 4054 .1 2 74198 889 .80 
7438 1975 .1 2 74278 340 .80 
7485 40 .40 74393 1272 .80 
7493 775 .16 75110 1115 .60 
7496 581 .30 75451 4000 .18 

For quantities up to 1 ,000 prices as shown . 
Over 1 ,000 on any. single item - where' 
stocks allow - deduct 10%. Add 8% VAT 
(p&p free). 

MINIMUM ORDER £20 +VAT. 

NE555 .25 
NE556 .80 
NE560 4.20 
LM304 1.30 
LM308 .40 
LM324 .53 
LM340 .70 
LM380 1.00 
LM709 ' .45 
LM710 .60 

LM733 .63 
LM741 .15 
LM747 .86 
LM748 .45 
KM3900 .70 
TAA700 4.25 
TBA510 2.25 
TBA520 2.40 
TBA530 2.20 
TBA550 3.40 
TBA800 1.00 
TBA810 1.10 
TBA820 1.10 
76013 1.40 
76023 1.40 
78XX series 

.85 
79XX series 

.95 

FARNELL A 15 lp.i1 01 240V @ 50-400Hz. Dual Op., adjustabl~ 
12-1 7V @ 1 OOmA per rail. Remote sensing, current limit overload 
protection with automatic voltage reset. Card (130x164mm.) 
mounted, clearance 38mm. With manual- £5.00 plus 8% VAT. : . 

FARNELL 7 /3SC lp.1201 240V.Op. has adjustable current limit 
Oc2A Remote sensing. 96x93x188mm . Available in 5V. 15V, or 30V 
versions. Brand new. £15,00 plus 8% VAT. 
COUTANT OA2 op. amp power supplY, lp. 1201 240V. Dual op. 
12-15V@ 100mA (138x80x45mm.) Brand new. £15.00 plus 8% 
VAT. 
COUTANT IC200 lp . 100/ 13iV or 2001 264V @ 45-400H~ . O~. 
5:6V@ 1 A. Remote sensmg. Over voltage crowbar protection. Current 
tnp protection . (180x90x54mm) . Brand new with manuaL Current list 
pnce £36.00. Our price £20.00 plus 8% VAT. 
BRANDENBURG Model 374 photomultiplier power supply, 300V-
1 KV @ 5mA current limit. Metered. Rack mounting. · Brand riew. 
£20.00 plus 8% VAT. . 

Berk Tek BTK-30-3CL 3.0 AWG 5mil wall Kyn~r cable (for computer back panel wi~ing) style 
1423 105° C, red or wh1te. Approx. V2 list price at £20 per 10,000 ft. reeL 

Blue Macs RIBBON CABLE £20 + VAT. 25-way (150V, 1 05° C) . 1OOft. Reels per reeL 

Thermosetting Silver Compound £20 +VAT. per 50g Tube . 

Special offer Filmet SC 65 1 MQ 0 .1% M . Film Resistors 20p each . 

REED RELAYS OSMOR CD3182 6V 2PCO PCB MOUNTING (60 x 18 x 13 mm), £1 .00 + 
VAT. 

DATA GENERAL COMPUTERS 
WE HAVE SEVEN COMPLETE SYSTEMS, EACH CO'MPRISING 

Cabinets with power supplies. Fans, mains filter units, 240V 50HZ. Nova 820 mainframe 240V . 
50HZ, Nova 820 expansion chassis 240V 50HZ. CPU 1 (8206) power mon and restart. 
CPU2 (8207) multi div. I I 0 int (4007 I 401 0) for TTY. 
32K word of core store memory, 16 bits per word. 
Disc pack controller board (4046). 
Gen. purpose int. bd. with data channel (404014042). 
2. 5m by~e disc storage system (Diablo) Series 30 (404 7 A) moving head. Disc power supply (24QV. , · 
50HZ) w1th adaptor and logic board (4047). Computer Control Panel. .. 

.OFFE~S AROUND £5000 

C.T. ELECTRONICS (ACTON) LTD. 
267 & 270 ACTON LANE, LONDON W4 5DG 

Telephone: 01-994 6275 

DATA GENERAL 
PHOTO PAPER TAPE READERS 

400 I.P.S. 8 BIT Part No. 6013-2 
SPECIAL OFFER PRICE E 150 + VAT 

AFEWONLV SHACKMAN 831 
SUPER SEVEN OSCILLOSCOPE CAMERAS NEW 
IN MAKERS PACK. 

SPECIFICATION 
BODY: Stove-enamelled compact aluminium alloy casting 
OSCILLOSCOPE ADAPTOR Type A interchangeable. hinged L & R; allows camera body to be 

swung away for scope v1ewmg wh ile 1n pos1t1on . 
LENS: 51 mm f! 1 . 9; apertures f /1 9 to f /11 ; fixed Object: Image ra tio 1 :0.7 
SHUTTER: Self-cocking, speeds T. B. and 1 sec to 1/125 sec; with extra Maker's-fitted 

electrical shutter-release module. 
FOCUS: Manual te lescopic-action with calibrated scale 
FITTED WITH POLARO ID FILM BACK for Polaroid 100 Series 8-exposure Film Packs (Black & 

Wh1te. Colour. or Negat1ve) . Camera and Film use instructions supplied. 
CURRENT LIST PRICES 

BODY AND LENS £315. ADAPTO R £24. FILM BACK £51 

OUR PRICE £100 + 8% VAT (UK Carriage paid) 
N()te: We are not in a position to offer written gua1antees on these cameras. but we will 
willingly replace or refund (accordmg to stocks and preference) in the unlikely event of a 
working defect · 

WE ALSO HAVE A SMALL NUMBER OF USED CAMERAS 
of the same Make and Specification and in good wo.rking order. also fitted with Polaro id Film 
Backs. but w1thout focusing screens (obtainable:a'iiS:nra(l' cost from the manufacturers). 

NEW SURPLUS OFFER 
VERY HIGH SPEED 15M Hz 8-BIT 

DIGITAL TO ANALOGUE 
CONVERTERS 

by Micro-Consultants Ltd. 

50ohm Cable-drive output 
Linearity 0 .25 % max; 0.125% typ, 

Settl ing time: 2volt step 70nS typ; 2mV step 50nS. 

:Colour Television Transmission Standard 
Di,fferential Gain 0.5% Differential Phase Shift 0.5° 

TYPES RAD 802 AND MC2208!8 
UNUSED. EX-MAKER'S PACK 

ONE-OFF CURRENT LIST PRICE . .. OVER £250 

SPECIAL OFFER PRICE £60 
+ 8% VAT (UK Carriage Paid) 

Quantity Price Negotiable 
DATASHEETS AVAILABLE ON REQUEST 

PRICE £75 + s%.vAf0 Kcarriagepaidl · , DISC DRIVES 211
2 

MBYTE 
IT •s AD~~:.~ii~L~i"~Ei~D"'~lsEE~Nv~~~ANNcE FOR -.:-vP~E--~-· 4_7_ A WITH PSY £400 + VAT 

01-994 6275 
1....-..----------=~=-::~---:-----·..:..___ __ __.__ ___________________ .....J. 
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COMPUTER APPRECIATION 
86 High Street., Bletchingley., Redhill., Surrey RH1 4PA. Tel. Godstone (0883) 843221 
DATA PRODUCTS Model2310 LINE PRINTER. 300 lines per minute drum printer with£ 
sign. In immaculate condition with very low hours. £850.00 
CENTRONICS Modei101A matrix printer. 1 65 c .p.s. £650.00. 
LOGABAX Moxal LX180 matrix printer . 180 c .p .s . £650.00. 
REPCO Model 120 matrix printer. 1 20 c .p .s . Parallel TTL interlace , electrosensitive 
'Teledeltos' paper . Compact desk-top unit . £85.00. 
TELETYPE Modal ASR33 with 20mA interface and reader control. Fully reconditioned . 
£425.00. 
TELETYPE Moclal KSR33 ax ICL 1900 console. Needs 500mA drive current. but standard 
in all other respects . £150.00. · . 
TELETYPE Model KSR33 with case and CCITT V24/ EIA RS232 line unit by MOORE REED 
£225.00. 
I.B.M. 'Selectric' Modal72 1/0 golfball typawritan. Refurbished , but WITHOUT head. 
£150.00. 
I.C.L. Modal 250 high speed (250 c .p.a.) optical paper tape reader. With photocell amps 
and facility to stop on a character . £68.00. 
ELLIOTT 250 c.p.a. tapa reader. As above, but prev ious model. £45.00. 
ADDMASTER high speed miniature paper tape reader with TTL output . NEW. £145.00. 
DATEK reader /punch units. Incorporating 40 c.p .s . Model 40 reader and 20 c.p.s. punch 
in compact desk-top unit . With power supply, but WITHOUT electronics. £48.00. . 
DIGIT,P.L EQUIPMENT CORP. Model PC01 High Speed tape reader/ punch. Incorporates 
50 c .p .s . punch . and 300 c .p .s . reader. together with power supply and all electronics . 
Suitable for PDP 8/PDP 11 . £350.00. 

TTL.s by TEXAS 741 74 93p 7~ ' S374 195p ~~~ERIES 
7400 t3p 74175 85p 74LS377 170p t60p RESISTORS 
74500 63p 74176 90p 74 LS3 78 200p 9302 175p Carbon him 5'" H1gh 
7401 14p 74177 90p 4000SERIES 9308 316p Stab Mu 1 To 8S9 110 
7402 14p 74178 160p 4000 t5p 9310 275p 1/~w 100 - 11\~0 E12 

7403 14p 74180 93p 400t 17p 9311 275p 7p pe 1 pack. of 5 1one 

7404 17p 74181 200p 4002 17p 931'2 160p value) 

74S04 90p 74182 90p 4006 ll6p 9J14 t65p £t.20 P<' 100 l one 

7405 18p 74184A tSOp 4007 t8p 9316 225p va lue\ 

7406. 32p 74185 150p 4008 80p 9321 225p '! : W 10ll - 10Mil E12 
7407 32p 74186 500p 4009 40p 93 22 150p Sp per oack of 3 to ne 
7408 19p 74190 tOOp 4010 &Op 9334 225p value\ 
7409 19p 7419 1 lOOp 401t 17p 9368 200p' £t.SO oe' oack of 100 
7410 15p 74192 lOOp 4012 t8p 9370 · 200p !One val ue) 

7411 24p 74193 tOOp 4013 50p 9374 200p 
7412 20p 741 94 lOOp 4014 84p LINEAR I.C.s 'MC3360P t20p 

. 7413 30p 74 195 95p 4015 84p AY1 -0212 600p 'MFC4000B t20p 
7414 60p 74196 95p 4016 45p AY1-131 3 668p MK503gB 750p 
74 16 27p 74197 SOp 4017 80p AY1 -1320 320p NE531 130p 
741 7 27p '74198 1S0p 4018 89p AYl -5050 211p 'NE540L 250p 
7420 17p 741 99 tSOp 4019 45p 'AY5-1315 600p NE543K 221ip 
742 1 40p 74200 £tO 4020 tOOp 'AY5 -1317 636p NE555 25p 
7422 22p 7422 1 160p 4021 110p 'CA3019 SOp NE556 70p 
742 3 34p 74251 140p 4022 tOOp 'CA3046 70p NE561B 425p 
7425 30p 74259 250p 4023 22p ·cA3048 225p NE5628 425p 
7426 40p 74265 90p 4024 50p CA3060E 220p NE565 130p 
7427 34p 74 278 290p 4025 20p CA3080E 72p NE566 155p 

·7428 36p 7427 9 140p 4026 t30p 'CA3089 E 175p NE567 175p 
7430 17p 74283 190p 4027 50p CA3090AQ 375p 'NE570 400p 
7432 30p 74284 400p 4028 84p CA3130E 100p 'NE571 425p 
7433 40p 74285 400p 4029 tO!Op CA3140E 70p RC4151 400p 
7437 3Sp 74290 150p 4030 55p CA3160E tOOp 'SAD1024 1SOOp 
7438 35p 74293 1S0p 4031 200p CA3161 E 130p SFF96364 tt50p 

'7440 17p . 74294 200p 4033 tBOp CA3162E 450p 'SN76003N t75p 
7441 70p 74298 200p 4034 200p , FX209 7S0p 'SN76013N 140p 
744 2A 60p 74365 150p 4035 110p ICL7106 7SOp 'SN76013NO 120p 7443 112p 74366 150p 4040 tOOp ICL8038 340p 'SN76023N 140p ' 
7444 112p 74367 120p 4041 80p LF356P 95p 'SN76023ND t20p 
7445 tOOp 74368 1S0p 4042 80p LF3 58 P 45p 'SN76033N t75p 7446A 93p 74390 200p 4043 90p LM301 An 30p SN 76477 250p 
744 7A &Op 74393 200p 4044 90p LM3 11 120p 'SP8515 750p 7448 SOp 74 490 22Sp 4046 ttOp LM318 200p 'TAA621 Z75p 
7450 17p 74LS SERIES 4047 tOOp LM324 70p 'TBA641B11 225p 
7451 17p 74LSOO t8p 4048 !5Sp LM339 7Sp 'TBA651 200p 
7453 17p 74lS02 . 19p 4049 32p / LM348 95p, 'TBA800 90p 
7454 17p 74lS04 tBp 4050 48p LM377 17Sp 'TBA810 tOOp 
7460 17p 74lS08 22p 4051 80p LM380 75p 'TBAB20 90p 
7470 36p 74LSIO = 4052 80p LM381AN 160p 'TCA940 t75p 
7472 301> 74lSt 1 4053 80p 'LM389N. 140p 'TDA1004 300jJ 
7473 34p 74LS13 45p 4055 t25p LM709 36p 'TDA1022 600p 
7474 30p 74LS14 72p 4056 135p LM710 SOp 'TDA2020 320p 
7475 36p 74LS20 22p 4059 600p LM725 350p TL074 t50p 
7476 35p 74 LS22 28p 4060 1t5p LM 733 100p TL084 130p 
7480 SOp 74 LS27 38p 4063 120p LM741 22p XR2206 350p 
7481 tOOp 74LS30 22p 4066 &&p LM747 70p XR2207 400p 
7482 84p 74 LS32 40p 4067 450p LM748 35p XR2211 600p 
7483A 90p 74 LS47 90p 4068 22p LM3900 70p 'XR2216 
7484 lOOp 74 LS55 30p 4069 20p LM3911 130p 

.875p 

7485 74 LS7 3 SOp 4070 30p 
XR2240 400p 

90p LM4 136 120p ·· 'ZN414 90p 
7486 34p 74lS74 40p 4071 22p 'MC1 310P 150p' ZN424E 135p 
7489 210p 74LS75 50p 4072 22p MC1458 55p ZN425E 400p 
7490A 33p 74LS83 90p 4073 22p MC1495L 400p ZN1034E 200p 
749 1 SOp 74LSB5 lOOp 4075 22p MC\496 100p ZNt040E 700p 
7492A 46p 74LSB6 40p 4076 107p 

- ~~;~~:~~R~GiJ~~~s IIC90 t400p 
749 3A 33p 74LS90 60p 4081 22p 
7494 84p 74LS93 60p 4082 . 22p 

95H90 800p 
Fixed Plastic TO-~ 7495A 70p 74LS 107 45p 40g3 80p \A , ve ----

7496 65p 74LS112 tOOp 4094 t20p -ve 
7497 t80p 74LS123 75p 4098 t~ 

;,v 7805 75p 7905 90p 
1.~ V 78 12 75p 7912 74100 130p 74LS 124 1SOp 4411 £t1 15V 78 ' 5 75p 7915 

90p 
74104 65p 74 LS I 32 120p 4502 120p 90p 

18V 78 18 90p 7918 lOOp 74 105 65p 74LS133 &Op 4503 70p 24V 7824 90p 7924 lOOp 74107 34p 74LS138 60p 4507 55p 
74 109 SSp 74 LS139 &Op 4510 99p lOOmA T0-9.! 
741 10 S5p 74 LS1 51 lOOp 4511 150p 5V 8LU5 35p 79L05 SOp 
74 111 70p 74 LSI53 60p 4514 250p 12V 78L12 3Sp 79L12 SOp 
7411 6 200p 74LS 157 60p 4516 110p ! 5V 78L15 35p 79L15 SOp 
74 118 130p 74 LS1 58 120p 4518 lOOp OTHER REGULATORS 
74119 210p 74LS160 130p 4520 lOOp LM309K 135p TBA625 8 120p 
74120 110p' 74LS1 61 lOOp 4528 tOOp LM3 17T 200p TL430 65p 
74121 28p 74 LSI62 140p 4532 140p LM323 K 625p 78H05KC 675p 
741 22 48p 74LS 163 110p 4543 180p LM723 37p 78MGT cC 135p 
74123 55p 74LSI64 120p 4553 460p OPTO-ELECTRONIC;> 
74125 55p 74LS165 tSOp 4556 90p 2N5777 4Sp ORPI:iO 90p 
74126 &Op 74LS166 1S0p 4560 250p OCP71 130p ORP61 90p 
74128 75p 74LS173 110p 4583 90p ORP12 90p TIL!f:l 70p 
74 132 75p •74LS174 110p 4584 90p liD'S'. 
74 136 75p 74LS17 5 110p 400t4 90p 
74141 70p 74 L5 181 320p 40065 200p 0.125" 02 

TIL32 75p TIL220 R· •d 16p 
74142 200p 74 LS190 lOOp 400g7 90p 

TIL209 Red 13p TIL222 G• 18p 
74145 90p'• 74LS191 lOOp 14411 £t1 
7414 7 1!191> 74LS192 140p 14412 £11 TIL211 G' 20p TIL2 28 RerJ 22p 

74148 1S0p 74LS 193 140p 14433 £t1 TIL212 Ye 25p MV5491 TS 120p 

74150 lOOp . 74 LS 195 140p iNliiifia TIL216 Red 18p Cl tO() 3p 

74 15\A 70p 74LS196 120p MC1488 lOOp -FND500 120p 
74153 70p 74 LS2 21 140p, MC1489 100p DISPLAYS . FND507 120p 
74154 lOOp 74LS240 175p 75107 180p 301 5 i= 200p MAN3640 175p 
74155 90p 74LS241 t75p 751 SON 200p DL704 140p NSB5881 570p 
74156 90p 74 LS242 175p 75154 225p DL/07 Red 140p Tll31t 800p 
74 157 

~~=· 
74 LS243 175p 75182 230p 701 G• 140p TIL312/3 110p 

74159 74LS244 170p 75324 375p OL7 4 7 Rc<J 225p TIL321/2 130p 
74160 lOOp 74LS 24 5 170p 75325 375p 74 7 G• 225p nL330 140p 
74161 lOOp 74 LS251 200p 75451 72p FN03 57 120p 7750 / 60 200p 
74162 lOOp · 74LS253 140p 7549t /2 96p 

TELETYPE Modal BRPE 110 high speed (11 0 c.p .s .) tape punch . £95.00 
DATEK Model40 tapa reader. NEW and boxed. £45.00. 
PERTEC Series 6000 magtape drives. Most models usually available from stock. £250.00 
-£475.00. 
PERTEC Model 6840-75-25 tapa drive with cable and control for DATA GENERAL 'NOVA.' 
BRAND NEW. £675.00. 
DIABLO Series 30 cartridge disc drives. Various models and options available . £350.00 • 
£650.00. 
MOTOROLA CARD READER. Portable desk-top unit completely self-contained with 
RS232 serial interface . £225.00. 
FLEXOWRITER Model 2301 machines now avai lable fully refurbished in EIA and ISO 
codes. £325.00. 
PDP 11 MEMORY type MS11-FP. 8K x 18 (parity) MOS on single card . £275.00. 
PDP 8 SYSTEM comprising 4K processor and Model 580 magtape drive . £250.00. 
GENERAL AUTOMATION Model SPC16 Minicomputer with 8K X 1 6 memory and 
expander box. Extensive software is available for this machine . £425.00. 
INTERSIL 'INTERCEPT' IM6100 prototyping system. PDPBE compatible microproces
sor system with 4K CMOS and full programmers panel. £850.00. 
WEIR Model DTM 1000 digital teat set. Measure Volts A .C. and D .C., resistance and 
frequency. £75.00. 
•VAT and carriage extra, all items . 
*We are very keen to bid competitively for all good used or suplus equipment. 

""" 
TRANSISTORS BFX29 :: ... 

Z25p :! N38 20 50p DIODES IP3 5A TRIACS 
AC126 25p BFX30 TIP35C 290p :! N.!823 70p "BY127 12p PLASTIC 
AC127 ' 8 20p BF.,84 5 30p TIP36A 270p 2N3866 90p 'OA47 9p JA 400V 60p 
AC 176 25p BFX86 7 30p "IP36C 340p 2N3903 4 18p 'OA81 15p 3A 500V &Sp 

. AC 18 7 ' 8 25p BFX88 30p fiP41 A 6Sp 2N3905 6 20p 'OA85 15p 6A 400V 70p 
AF 116 • 7 30p BFW10 ' 90p TIP41 C 78p- 2N4036 65p 'OA90 9p 6A 500V 88p 
AD149 70p BFY50 22p : I P4~A 70p 2N4058 9 12p "OA91 9p 8A 400V 75p 
AD16 1 •2 4Sp BFY5 1 2 22p TIP4 2C 82p 2N4060 12p 'OA95 9p 8A 500V 9Sp 
BC 107 / 8 ttp BFY56 33p TIP2955 78p 2N4061 2 18p 'OA200 9p 12A 400V SSp 
BC109 11p BFY90 90p TIP3055 70p :!N4123 4 22p 'OA202 tOp t :! A500 V 105p 

'BC\17 20p BLY83 700p TIS43 34p 2N412 5 6 22p '1N914 4p 16A 400V 110p 
'BC\4 71 8 9p 8RY39 45p TIS93 30p 2N4:!89 ZOp '1N916 7p 16A500V 130p 
BC149 tOp BSX19 20 20p ZTX108 12p '2N4401 3 27p '1N4148 4p T2800D 120p 
BC 157 8 tOp BU1 04 225p ZTX300 13p 2N4427 90p 1N4001 / 2 5p 

'BC1 59 11p 8U 105 190p ZTX500 15p 2N4871 &Op 1N4003/4 Bp 
BC169C 12p 8U108 2SOp ZTX502 18p 2N 5087 27p 1N4005 &p 
BC172 12p 8U109 225p ZTX504 30p 2 N5089 27p 1N4006/7 7p 
BC177 B 17p BU205 200p 2N45 7A 2SOp 2N5172 27p 1N5401/3 14p THYRISTORS 
BC 179 18p BU208 200p 2N696 35p· 2N51 79 90p 1N540417 tBp 1A 50V 60p 
BC182 3 tOp BU406 14Sp 2N697 2Sp 2N519 1 83p 1sg20 tOp 1 A 400V 7Sp 
BC184 11p MJ481 17Sp 2N698 45p 2N5194 90p 1 A 600V 85p 
BC187 30p MJ491 200p ' 2N706A 20p 2N5 24 5 40p ZENERS 3A 400V 90p 
BC212 3 ttp •\~J 2 501 226p 2N708A 20p 2N5296 SSp " IV-33V 8A 600V 140p 
8C214 12p MJ2955 100p 1 2N918 45p 2N540 1 50p 400mW 9p 12A 400V t60p 
BC461 36p MJ300 1 22Sp I 2N930 18p '2N54 5 7 8 40p lW 1Sp 16A 1 OO V 160p 
BC47 7 8 30p MJE340 65p 2N! 131 2 20p 2N5459 40p 

HEAT SiNKS 16A 400V t80p ' 8[5 16 . 7 SOp MJE2955 lOOp 2N 16 13 ZSp ·:! N5460 40p ! 6A 600 V 220p 
BC54 78 t&p MJE305 5 70p 2N17 11 25p ! N5485 44p For T0220 V•> lt· 

BT106 110p 
8C548C 16p MPF\02 45p 2N2 102 60p 2N 602 7 48p Age Regs and 

C106D 4Sp 
'8C549C tap ~' PF 1 03 4 40p 2N2160 350p 2N 62 47 190p Tranststors 22p 

MCR\0 1 36p 
BC5578 16p MPFl 05 6,40p 2N2219A 22p 2N6254 130p Fa• T0 5 t:!p 

2 N35 ~5 120p 
·sc559C tap MPSA06 30p 2N2222A 22p 2N6290 65p 2N4444 140p 
BCY70 18p MPSA 12 SOp 2N2369A t8p 2N6 292 6Sp BRIDGE 

2N5060 34p 
BCY71 ' 2 22p MPSA56 32p 2N2484 30p ' 3N128 120p RECTIFIERS 2N5064 40p_ 
8013 1 2 SOp MPSUQ6 63p 2N2646 50p 3N140 100p ! A 50V 21p 
80135 ' 6 54p MPSw56 78p 2N2904/5 25p 3N 141 110p 1A 100V 22p 
80139 S&p OC28 130p 2N2906A 24p 3N 201 110p 1A 400V 30p 
801 40 60p OC35 130p 2N2907A 30p 3N204 100p 1 A 600V 34p 
80242 70p R2008B 200p '2N2926 9p 40290 250p 2A 50V 30p 
BDY56 200p 'R2010B 200p 2N3053 22p 40360 40p 2A 1 OO V 35p 
BF200 32p TIP29A 40p 2N3054 · 65p 4036 1 2 45p 2A 400V 45p PLEASE SEND 

'8F244B 35p TI P29C SSp 2N3055 48p 403b4 120p 3A 200V 60p SAE FOR FULL 
.-sF2568 70p TIP30A 48p 2N3442 140p 40-108 70p 3A 600V 72p · 

. UST 
~ F 25 7 ! 8 32p "i' IP30C 60p 2N3553 240p 40409 &Sp 4A 1UOV 95p 
8F259 38p TIP31 A SSp '2N3565 30p 40410 65p 4A 400V 100p 
BF459 45p :!P31 C 62p '2N3643/4 48p 40 41 1 300p 6A 50V 90p 

'BFR3g 30p TIP32A 6Bp '2N3702 / 3 t2p 40594 97p 6A 1 OOV lOOp VAT RATES. 
'BFR40 30p TI P32 C 82p '2N3704/ 5 12p 40595 10Sp 6A <IOOV 120p A tl l tfHl -: <; : 11 8 
"BFR41 30p TIP33A 90p "2N3706/7 14p 4060J 58p lOA 400V exceot markP.d 
'BFR79 30p TIP33C 114p '2N3708 /9 12p 40673 75p 200p wh tch a'e ., 
'BFR80 30p TIP34A 11Sp '2N3773 300p .; 084 t 90p 25A 400V i 2" . > 

'BFR81 30p TIP34C 160p • '2N3819 25p 40871 ' 90p 400p 

-~o~~r:'INIATURE SWITCHES. MEMORIES 
UART 
AY-3 -1015 P SSOp 

2102-2L 120p AY-5 10 13P 400p SPST Stp 
2102L-4 t20p IM6 402 550p SPOT !13p 
21078 600p TMS6011 NC 400p DPDT 55p 
2111 -2 225p DPDT (centre of!) 7Sp 
2112-2 CHARACTI:R 
2114 

300p 
GENERATOR PUsh to make ···---· 

700p . ~ 

5101 3257ADC 1100p (Red, Green. Yel .. Blue) 15p StOp 
Push to break 6810 350p MCM6576 800p 

ROMiPROMs _ __ · R0-3-2513 u.c llSOp (Biad<only) 25p 
RQ..3-2513 LC 875p 74S 188 22Sp CRYSTALS .. 

74S287 32Sp SN74S262AN 1380p 100KHz 300p 
745387 325p OTHER 1M Hz 370p 
7454 74 1000p 3245 400p 3.2768MHz 350p 
74S571 600p 6820 600p 10.7MHz 3SOp 
934 27 400p 6850 700p 18M Hz 300p 
93436 &SOp 8205 320p ' 27 .135MHz 300p 
93446 650p 8212 2_25p 
CPUo 821 6 225p EDGEBOARD CONNECTORS 
6502 1200p 8224 400p 0 .1S6" Solder Tail 
6800 900p 8228 52Sp -~ X lQ W<iY 85p 
6802 1400p 825 1 700p • X 15 W?tV 100p 
8080A 650p 8~53 1200p ...! x 18 wny 120p 
Z80 1200p 8255 5S0p 2 X :~.!. W•IV 135p 
EPROMS 8257 1100p 2 X 25 \1\.<IV 160p 
1102A 600p 8259 1400p 
2708 900p MC\4411 1100p 

I 
KEYBOAR-D ENCODER 

2716 Z500p Z80 P10 950p AY -5-.'31 6 £10 
4702 900p Z80CTC 9S0p AY-5 -3600 £12 

LOW PROFILE DIL SOCKETS BY TEXAS 

I 
WIRE WRAP SOCKETS 

8 pin 11p 18 pin 2Sp 24 pin 33p 8 (Hn 30p 18 pin 70p 90p 24 pin 
14 pin 12p 20 pin 28p 28 pin 42p 14 O H"I 40p 20pin 75p 28 pin 110p 
16 pin 13p 22 pin 30p 40 pin 51p 16' otn S!ip 22 pin lOp 150p 40 pin 

LOW-COST DIGITAL FREQUENCY METER (200MHz with 1KHz Resolution). As 
described' in January / February '79 Wireless World . All components (except PCB) ava ilable 
MC1 0 1 16P 60p, MC1 0231 P 350p. 

LOW-COST LOGIC ANALY!JER (March/ April WW). All parts available·. Please send s .a .e . 

-
74163 lOOp 74LS257 120p BT26 200p 

Please add 25p p&p & VAT at appropriate rates . TECH NOMA TIC LTD. 74164 120p 74LS258 160p BT28 300p 
130p 74LS259 17Sp 741 65 8T95 150p 

74 166 140p 74LS273 130p 9Tg7 150p Government. Colleges, etc . Orders accepted . 17 Burnley Road. London NW1 0 74 167 200p 74LS279 160p 81 LS95 140p 
74170 240p 74LS2 98 249p Bl LS96 .140p (2 minutes Dollis Hill tube station) (ample ·street parking) 
74172 720p 74LS324 200p 81 LS97 ~:: CALLERS WELCOME Mon .-Fn. 9 30-5 30 

Tei:_01-4521500 . Telex: 922800 74173 120p 74LS373 200p 81LS98 Satu,day 10 .30-4 .30 
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We are now able to offer this superb compact WM 
at an even lower price . 

Original specifications 
lv-300v AC 
300mv-1 OOOv DC 
Hl -1 000 Mll resistance 
lnputZ 
0.3v range 10Ml1 
1v range 30Ml1 
All others 100Ml1 

NEW LOW PRICE 
less AC probe circuit 
shown in manual, only 

TIL 302/MAN 7 7 segment LED readout 
common anode direct drive (v1a 
resis tors) from 7447 £1 -10 each 
Tll119/0C72 Darlington opto 

· isolator 3 for £1 -00 
SAVE THAT SPACE! THICK FILM 
RESISTOR NETWORK 7x100S2 
resistor in D ll pack . Ideal for use with 
7 seg . displays etc . 4 for £1 -00 
Tll305 0 .3 .. 7 x 5 matrix LED 
alphanumeric readouts £4 .75 each . 

PHOTO TRANSISTOR 
Fairchild FPT 100 N PN silicon 

30 volt 350 m a S.C.R . T01B 
2()p each 6 for £1 -00. 
LM380N -Sl6051 14 D.I.L. 2 watt 

I.C.'s and Transistors by A .F. amp. 75p each 8 for £5 -00 . 
well known manufacturers and fully CA3028B DC-120 MHZ differential/ 
guaranteed. No fall outs. Compre- cascade amp £1 -00 each 3 for £2-50 
hensive data on I.C.'s 12p per type . n~S3114 DUAL MOS 12B b1t stat1c 

Tektronix 545A double beam DC- 25M Hz fast 2N4351 N channel MOS FET shift reg .-DC ·2 .5mhz £1 -75 each 4 for 
risetime complete with C.A. plug in £195.00 2N4352 P channel MOS FET.' £5 -00. 
Marconi TF1330 dual input DC - 15MHz 95p each £1.50 per pair. TMS 4050 4096 x 1 dynam1c ram 
IV/CM £125.00 HIGH VOLTAGE NPN POWER £4 -75 each B for £30-00. 
Marconi TF2200 double beam DC- 33M Hz SWITCHING transistors BVcbo 600v NE555 tO for £2-40 · 
complete with 2 plug ins £215.00 BVceo 500v 8Vebo 5v 1 c 5 am ps Pc 125 GE424 zero voltage switch. triac SCR 
Hewlett-Packard 1058 double beam 1 OOMHz watts HFE 60 typ ft 2 .5 mhz ideal inverters, relay driver T05 can £1-00 each 7 for 
sampling , complete with probes £240.00 etc. T03 £1.50 each 4 for £5.00. £5 -00. 

BF258 NPN 250v@ 200 rna 40p each CA3011 20M HZ wideband amp 
Solartron CD568 single beam £55 .00 3 for £ 1.00 _ T099 case 60p each 2 for £1 -00 
Many other scopes ex-stock from £25.00 A .E . I. power TR lACS 10 amp 400v FSA 2719 8 d iodes1 N414B-1 Ng14 

SIGNAL GENERATORS ready mounted on 2\1," x 2\1,'' heatsmk type ' n 16 D .I.L. pack all 
Marconi TF8&7 15KHZ-3 0MHZ £SO .OO 95p each 4 for £3 -50 independently connected 35p each 
Marconi TF801 8/3/5 12 -485MHZ £140.00 I.A. BSB01 2 .5 af!lP 1 OOv bndge rec . 

4 
for £t-OO. 

P.C . mount long leads . 30p eac h 4 fo r FP03725 4 NPN 50v 500ma silicon 
:;;;~;~~~!;~~2H~t-::a6;;;;£~~S~~OO , £1 -00 transis tors in 14 D . I.L . pac k 65p eac~ • 
RBS Sweep Generator50KHZ-12MHZE225 

1 

IN4998 4 amp 100v P.C . mount diodes 2 for £1-00,. • 
j long leads 12p each 10 for £1-00. TEXAS LOW PROFILE I.C. SOCKETS 

~~;J~~~4~N4105 powersig . gen . 30- I ~~~o:~~£~~0102amp regulator £1 .00 ~~ g:~ ~~~ ::~~ ~ ;~; ~~ :gg 
MISCELLANEOUS I E .C.C . 1.6 a·m .. p 400v triacs 35p each 24 OIL 30p each 4 for £1-00 

RSS BN1523 UHFtestreceiver£200 4 for £1 ·00 2N5109 R.F . power output 400ma 2 .5 
RBS BN1523 Selective Microvoltmeter 10KHZ- 2N1671B un,tunction 450mw 30v watts up to 1200 mhz T05 7()p each 
30M HZ £175 .00 · 45p each 3 for £1 -00. 2 for £'1-00. 
Marconi TF1020A/IX 50l1 wattmeter, dual IN4004·SD4 1 amp 400v d iodes AF279 low noise P.N .P. germanium 
range, 0 -50 , 80-100 watts £55.00 6p each 20 for £1-00 up to 7BO mhz 30p each 4 for £1·00 . 1-------------------1 I. A . 10 AMP BRIDGE RECS. 200 volt 2N4304-WN720 F .E.T. transistor. 35p 

MULLARD + PLESSEY 
HY-GRADE SMOOTHING CAPS 

1500 mF 1 OOv Screw Term 50p• 

3300 mF 63v Screw Term ______ 60p• 

4500 mF 25v Screw Term 60p 

•Ex equipment but tested 
. . 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value m ixed semi-conductors, include 
transistors, digital, linear I. C.'s, triacs, diodes, bridge 
recs. etc. etc. All devices guaranteed brand new, full 
spec . wtth manufacturers markings, fully guaranteed. 

50 + BAGS £2 .75 100 + BAGS £4 .95 

working. £1-00each . each 4 for £.1-00 . 

ULTRA 0 .1' EDGE CONNECTORS. Open ended, easily cut, 39 way double 
sided 75p each . 78 way single sided £1 .50 each . 

, PLESSEY EDGE STACKABLE DECADE SWITCHES Gold plated contacts, 
dimensions 2 x 2 x :Vs BOp each B for £5.00 
AM PHENOL SOil BNC chassis socket single hole fixing 45 p each 

' C90 Audio Ca$Settes screw type construction 40p each 3 fo r [1 -00 . 
Scotch 215 long Play Tape B'and new·~ " low no•se on 1200' 5' .," 
spools £1 -50 each 4 for £~ -00 + P P 45p 
1000 Watt fully shrouded auto transformers te-rm . l>lock connec t •ons £13 75 
+ P .P. £2 -25 • 
Bulbs 24v 14 watt wh,te hosted S B .C . 8 fo, £ 1-00 
S,B.C . Bulb Holders A ll steel cad . plaled p anel m ount P~sily hxeo v1~ ~ u t and 
round hole . Ideal d<Sco d1splays, scoreboards etc. 4 fo r £1 -00 
X tal fillers S.E. I . O C 1121 t/B m1n1ature low 1nsen ,on loss ~C . mount 
C .F .10.7 mhz 11111t h B.W of 7 .5 khz . 2000 ~l,mp 1n-out Brand new at £7 50 
Heavy Duty Flat Insulated Earth Braid B0 -100 amp b ra1d ed t in ned copp er m 
heavy c lea r P.V .C . sheath 40p per metre £5 -00 lor 15 mPtres P.P. 8p pe' me tre 
BULGIN m•n1atu re 6 way m~le chaSSIS moun t socket w1d m atch.ng sh,ouded 

. free plug. 60p each 2 for £ 1-00 

........ .._~ ........... L.IL&..I.IIo..llt.,;;~ ~~~a~~~~~·isc~u~is~se~ogL~.~~ ;',~~:: ~r~,:~ 1'o~: ~~' tch currplete w•th lead and 

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 , Switches, 
etc . etc. surplus to our requirements. Because we 
dol'\'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 t imes what you 
pay plus we always include something from our ads 
for unbeatable value' ' Sold by weight 

71b £ 4-75 141b £ 7-50 
281b £12-75 561b £21·00 

PLEASE ADD P + P £1 .00 

ONE INCH 

NUMERIC DISPLAYS 
This fine example of modern m in iature optical 
engineering consists of a 12 lamp and lens system 
constructed to project numerals between "0 " and 
"9" and a " + " and "-" sign onto an opaque 
screen to give extremely legible, rounded charac1ers 
of up to 1 · in height. Features easily replaceable 6 
volt bulbs, changeable negative for different 
character fonts. Dimensions 1 r X , .. X 3.1" supplied 
complete with bulbs andylug in £1 0 0 
earner . Ex· equ1prnent • 

min . jack 1Jiug £1 -00 each 
T05 HEATSINKS " Thermaloy " black anod1sed press on alum,n,um hnned 
type . 15p each 10 for £1 HARDWARE PACK D on' t be stuck l or the 

New and Boxed £15.00 each 

Where cost of post and pack1ng not 1nd•cated please 
add 25p pe' order Collect ,on saves cost of postage 
but d coll ect 1ng please telephone to check ava ll ab>l 1t y 

103 Tamworth Road Croydon C R9 1SG 01 688 1833 
MAIL ORDER INFORMATION 
All prices inclusive of VAT. Cash with orr:kr. Minimum order value 
£1 -00 . Postage quoted for UK on l y. Bona Fide account orders 
m inimum £10-00. Export and trade enquir ies welcome . Orders 

despatched same day where possib le . A c cess and Barclaycard we l come . 
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HOW TO 

GET HERE 

Victoria or London 

B ri dge to East or 

West Croydon . 

1 minute from 

West Crc;don Bus 

and Rail Stations . 

25 minutes 

POWER SUPPLY UNITS 
5 VOLT 2.5 AMP T.T.L. P.S.U. 

Made l or T.T .L. th1s compact ex compuler systems 
un1t fea tu res a 10 amp transformer with D.C. 
outputs of 5 volts@ 2 .5 amps and 7.5 volts@ 
5 amps. The 5 volt output 1s fully regulated and 
smoothed and has elec t roniC curre n t l1m 1t1ng. May 
be easily moded for 5 volts@ 7.8 amps, bel1eved 

work1ng but untested £7 25 
Comple tewithc~rcu i t • p.p . £1-50 

VERBATIM 
Soft Sectored Mini-Disks £3.50 each. 

I FREE !library case with pack of 1 0 · 
50p p.p. on 10 pack 

A special bulk purchase enables us to offer the above 
Key board at a lowest ever price. 49 coded keys encoded 
mto a direct TTL compatible 7 bit output . Features such 
as del.ayed strobe , 5 volt D .C. single rail operation and 
rollover protection make th is an absolute must for the 
MPU const ructo r! Suppl1ed complete with connection 
diagram and edge connector , at a secondhand " no timP 

50 P.P . £1-50 

lntel4 bit MPU chip complete 
with data 

£3.75 each 

EFFIC:I~~~ SMITHS 
RADIAL BLOWERS 

Are your hot par ts sweltering? Then keep them cool 
with our high efficiency radial snail type blowers. Made 
by Sm iths , designed for continuous use in expensive 
electronic equipment very powerfu l and quiet, gives 
massive ai r flow to prolong component life and 
reliability . Easily mounted , ai r aperture --11'!11~1-:l'l~ 
2f x 3 ". ldeallinears etc. 
Please state 240v or 11 Ov 
ope1ation . 50hz only. 



49/53 Poncras Road London NW12QB .Tel: 01-837 7781. Telex 2986 
Our background 

Electronic Brokers is Europe' s 
largest specialist in quality, second 
user test equipment, mini
computers and associated 
peripherals. Established 11 years 
ago , we have pioneered the second 
user concept in Britain, and many 
overs.eas territories. 

One reason for our success is the 
. company's policy of continually 

updating thetype of equipment we 
sell. So from selling to private. 
users, the business has rap idly 
developed, and today, our customer 
list includes leading international 
companies, research 
establishments, universities, 
colleges and government 

• institutions throughout the world. 

Back up 

To support our growth we have a service, and those who have :·dealt 
skilled team . This includes trained with us will know that we 
sales staff, whose role. is not only to endeavour to always live up to our 
sell, but provide a helpful reputation. Equipment can be 

· information service to our many configured to customer's exact 

Refurbishing 

Our own service laboratory checks 
each item that arrives at our 
Pancras Road headquarters. 
Ele.t:.tronic test equipment is then 
~ho roughly cleaned and a schedule 

customers . Backing this team is our requirement, and a number of 
own service laboratory where options can be made available -
technicians monitor each item of almost like custom-tailoring. 
equipment we sell. Our maxim is 

.;;;~~ 

prepared for any work which needs 
to be carried out to meet 
customer's requirements. Whether 
it is new test equipment or used, all 
items pass through the service 

laboratory where they are given 
final tests to ensure they meet 
manufacturers' specifications, 
before delivery to the customer. 
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SEND FOR NEW 
86 PAGE 
CATALOGUE 
Containing latest information on our 
stocks of test equipment, min i 
computers. computer peripherals, 
stroboscopes and tachometers 
Airmail to overseas addresses £2 

PORTABLE OSCILLOSCOPE TYPE T.932 
DC-35 MHz at 2nV /em. 
Trigger holdoff . Bright CRT Display. 
Lightweight. 
SUPERB CONDITION- QUANTITIES AVAILABLE 

£550.00 

I LIPS 
A.M./F.M. SIGNAL GENERATOR 

TYPE PM 5326 
1 00kHz-125MHz. 
Built-in 5 dig it counter displays 
RF carrier, marker and ext . freqs . 
Stabilised o/p level. 
Wobbulator facility for I. F. amplifiers AM I FM Radio & 
Receivers . 
AS NEW CONDITION . £695.00 

FLUKE 
AC/DC DIFFERENTIAL VOLTMETER 

TYPE 883AB 

1 mV - 11 OOV 20Hz- 1OOkHz 
AS NEW CONDITION . 
SHOWING A SUBSTANTIAL SAVING ON LIST PRICE . 

£975.00 

SOUND LEVEL METER 1933 
WITH CASSETTE DATA RECORDER 1935 
C weighting . 1 OdB-1 30dB 

· with \/2 microphone. 
band analyser with 1 0 

. 31 . 5Hz, 16KHz. 
h quality C60 cassettes . 

operated . 

STORAGESCOPETYPE7313 
split screen .· 

7A18 and 7B53A Plug-in units . 
25M Hz. 5mV-5V I Div . 
· 5S/Div . with X10 Mag . 

yed and intensified sweep . 
. I 11 S max writing speed . 

£2,500.00 

TRUE R.M.S. VOLTMETER 
TYPE DRM6 

DC coupled . UNUSED CONDITION. 
3 digit QUANTITIES AVAILABLE. 

display + 1 00% overange . 
0.1% ~ 1 digit 
from 1 OmV FS . to 1 OOOV F.S. 

£29~.00 

DIGITAL MULTIMETER TYPE 4449 

3\12 digit. Scale length 1999. 
AC-DC Volts 1 OOmV-1 kV. 
10011 V resohJtion . 
AC-DC current 100 11 A-1 mA . 

1 OOnA resolution. 
Resistance 1000-1 OmO. 
1 OOmO reso11Jtion. 

UNUSED CONDITION- QUANTITIES AVAILABLE. 
£79.50 

TWO TONE.A.F. SIGNAL SOURCE 
TYPE TF 2005R 

2 Identical Oscillators. 
20Hz-20kHZ. 
0-111 dB attenuator with metred 01 ~. 
z 6000 ° 1500- 750. 
QUANTITIES AVAILABLE . 
SUPERB VALUE . 

£35.000 

FLUKE 
UNIVERSAL TIMER COUNTER 

TYPE19S3A 
Optiona15 & 16 

9 digit . LED display. 
DC- 125MHz: 30mV sensitivity . 
Variable trigger level. 
IEEE interface , rear inputs. 

£850.00 

Add 8°/o VAT to all 
prices 

PORTABLE OSCILLOSCOPE TYPE 432 

Dual Trace. DC-25MHz. 
1mV-10V/Div. 20nS-5S/Div. 
A superb solid state scope .. . 
Ideal for the service engineer. 
QUANTITIES AVAILABLE . 

£495.00 

1kHz- 1.5MHz. 1 011V- 1 OOV. 
Dynamic range 75dB. 
B.F.O . and recorder 0/P. ' 
Built in AM, LSB & USB Detector. 

£1,200.00 

DIGITAL MULTIMETER 
TYPE A.243 

S'i2 digit. Scale length 119999 
AC volts 1.850V. 1 011V resolution 
DC Volts 1 OOmV-1 kV, 1 11 V resolution. 
Resistance 1 kO : 1 OMO 

£675.00 
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BRIDGES 
GENERAL RADIO 
Impedance Bridge 1608A 

.. .. . . . ... .. ' .. £1450 
MARCONI INSTS. 
In Situ Univ Bridge TF2701 

. . ' . . . . . . ' .. ' .. . £39.5 
WAYNE KERR 
Univ. Bridge B221 (0. 1 %) 

. . .. . '' . . ' . . . £275 
Univ. Bridge B521 (1 %) £120 
Low Impedance Adaptor 0221 

. . ' ... . ' . .. '. £75 

CALIBRATION 
EQUIPMENT 
HEWLETT PACKARD 
DC Voltage Source & Differential 

Voltmeter 7 40B . . . .£850 
DC Voltage Source & AC/ DC 

Diff . Voltmeter 741 B £$75 
FLUKE 
DC Voltage Calibrator 332A 

£1350 
True R.M.S. Differential 

Voltmeter 931 B £1050 
High Voltage Divider 80E £225 
TEKTRONIX 
Time Mark Generator 184 £275 
Time Mark Generator 2901 

£450 
5nS Pulse Generator 21 01 

'. . . . . . . £525 
Pulse Generator 109 ·. . £320 

SOUND. LEVEL 
METERS 
GENERAL RADIO 
Portable Sound Level 

1565B 
Portab le Sound 

1981 
Portable Sound 

1983 

DIGITAL 
COUNTERS 

Leve l 

Level 

GOULD ADVANCE 

Meter 
£225 

Met er 
£575 

Meter 
£190 

500MHz CounterTC15 + 15P1 
' ... ' .. . £495 

80MHz Counter TC1 7 or TC 1 7 A 
£195 

1OM Hz Counter TC21 . £195 

FLUKE 
80MHz Multi-Function Counter 

1900A .... . .... £175 
l 25MHz Multi-Function Counter 

191 OA-01 . . . . . . £285 
1 25MHz Multi-Function Counter · 

1910A . . .... . .. £199 
520MHz Comm u nicat i ons 

Counter 1920A-06 £490 
125MHz Multi-Function Counter 

1925A .. . £405 
520MHz Univ. Timer Counter 

1953A-07 £675 
125MHz Univ. Timer Counter 

1953A-15-16 . £850 

PHILIPS 
80MHz Timer Counter PM6612 

£405 
1 GHz Timer Counter PM 661 5 

' . .. .. ' ' £795 
80MHz Freq. Counter PM66 1 

£185 
512MHz Freq . Counter PM 6645 

£710 

'DIGITAL 
VOLTMETERS & 
MULTIMETERS 
ADVANCE 
True R.M.S. Voltmeter DRM6 

£295 

FLUKE 
3V2 digit D.M .M . 8020A £99 
4 1/2 digit D.M .M . 8040A-01 

£220 
4V2 digit D.M .M. 8600A £290 

HEWLETT PACKARD 
5% digit D.M .M . 34702A + 

34740A £295 

PHILIPS 
4 dig it D.M .M . PM .2424 £300 
4V2 digit DC. D.V.M . PM2443 

£430 
3V2 digit D.M .M . PM2513 £90 
3V2 digit D.M .M . PM2513A£95 

SCHLUMBERGER
SOLARTRON 
5% d ig it Digita l Multimete r 

A243 . . £675 

Add8°/o 
VAT to 

OSCILLOSCOPES 
COSSOR 
35MHz Dual Trace . CDU . 150 

'' . .. . . . £450 
50MHz Dual Trace. 4000 £495 
DYNAMCO 
30MHz. Dual Trace. 71 00 

. . . £350 
40MHz. Dual Trace. 7500 

£495 
PHILIPS 
50MHz Portab le Dual Trace . 
PM 3240 £950 
5MHz Miniscope Battery I Mains 
PM3010 £325 
TEKTRONIX 
15M Hz Battery /Mains D.T. 422 

' . . . . . . ' £750 
24MHz Dual Trace Bench . 543B 
+ CA . . . . . . . . . £350 
50 MHz Dua l Trace Bench . 64 7 
+ 1 OA2 + 11 B2 £600 
Sampling 66 1 + 5T3 + 4S 1 

£585 
24MHz D.T. Bench. 545B + CA 

£425 
50MHz D.T. Bench . 54 7 + 1 A 1 

£775 
80MHz D.T. Bench 585A + 82 

£775 
Digital Delay Plug ln. 7D 11 

£850 
Four Trace Plug In M £275 
Four Trace Plug.ln 1 A4 £600 
Dual Trace Plug InCA . . £60 
Different ial Compa rator Plug In Z 

£150 

OSCILLOSCOPE 
PROBES 
ELECTRONIC BROKERS 
(NEW) 
X 1 Probe Kit EB90 
X 10 Probe Kit EB9 1 
X1 X10 Probe Kit EB95 

GREENPAR 

£9 
' £11 
£15 

X 1 X 1 0 Probe Kit G E 8 1 600 I 2 
. £27 

SIGNAL 
SOURCES 
ADVANCE 
Sine/Square Oscillator H 1 E 

.. . £80 

Low Dist . Oscillator SG 68A 
£120 

HEWLETT PACKARD 
AM/FM. Generator 202H £495 
VHF Sig. Generator p08D £495 
VHF Sig . Generator 608E £675 
UHF. Sig Generator 61 2A £950 
MARCONI INSTS. 
A.M . Sig . Generator TF801 D/ 1· 

. . from £400 
A.M. Sig . Generat or TF80 1 D/ 

BS . . . . £600 
AM / FM Sig . Gen . TF.995A/2M 

. . .. . ... . . .. .. £475 · 
AM/ FM Sig . Gen . TF995A/5 

' . .. £380 
AM/FM Sig . Gen TF995B/2 

... £675 
AM/FM Sig . Gen . TF2006 

£875 
Two Tone Source TF2005R 

. . . . . . . . . . . £350 
A. F. Oscillator TF2000 £325 
R.C. OscillatorTF1 10 1 £120 
A. F. Oscillator TF21 00 £150 
PHILIPS 
Function Generator PM5167 

£875 
AM I FM S ignal Generato r 

PM5326X £735 
SIGN / ROGERS 
Low Distortion Oscillator S324 

'. £90 

MISCELLANEOUS 
BRUEL & KJAER 
Measuring Amplifier 2607 

£1200 
Deviation Bridge 1 504 £190 
E.N.I. 
R.F . Power Ampl ifier 500L 

£315 
HEWLETT PACKARD 
Distortion Analyser 33 3A £515 
MARCONI INSTRUMENTS 
A.F . Transmission Test 
Set TF2332 . . £425 
M .F. Transmiss ion Test Set 

TF2333 £600 
Quantization Distort ion Tester 

TF2343 . . . . . . . £400 
Distortion Factor Meter TF2331 

£435 
De~i~ti~~ Me·t~r· i-f:-7916 £195 
PHILIPS 
Pulse Generator PM 5 712 £525 
Pulse Generator PM5715 £575 
Pulse Generator PM 5 77 5 £600 
Pulse Generator PM5776 £700 

Carriage and Packing charge 
extra on all items unless 
otherwise stated. ALL PRICES 

Please note: AU instruments 
offered are secondhand and 
tested and guaranteed 12 
months unless otherwise 
stated. 

Hours of Business: 9 a.m.-5 p.m. Mon.-Fri.: closed lunch 1-2 p.m. 

A copy of our trading conditions is available on request. 
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, .. --~SILENT 700 
725KSR Terminal mounted in integral carrying case 

with built-in acoustic coupler. 64 ASCII character 
5 x 7 dot matrix. 30 tps . Weight 351bs , 

e.nsions 21 %"X 19" X 6Y2" £695.00. 

EW ASCII KEYBOARDS 
56 ROM -encoded 56-station keyboards· w i th full 128 
II character set . Standard TTL logic. Power 
rements + 5 -12V . Supplied with full techn ical data 

circuitry (see next column for prices),. 

SCOPE DATA PRINTERS 
240 cps . 80 column receive-only matrix printer. Full upper 
an d lower case ASCII character set . Standard RS232 
interlace. Electro-sensit ive prrnting ensuring quiet 
operation BRAND NEW SURPLUS . ONLY £6 95 .00. 

DATA GENERAL NOVA· 
Special Purchase of these popula r 16-bit minis 
Prices from: £9 95.00 (4K 1200 series CPU) to £3,500.00 
(32K 800 series CPU with 2 . 5 Meg disc). 

ASR33 and KSR33 
TELETYPES 
Input/Output terminals w ith 64 ASCII character set . . 11 0 
baud operation . Paper tape punch and reader (ASR3:3 
only). Choice of interlace (20mA or RS232) KSR33 -
£425.00, ASR 3 3 - £650.00, Pedestal £30.00 . 

DEC EQUIPMENT 
BIG SAVINGS ON OUR LARGE STOCKS OF PROCESSORS, 
PERIPHERALS AND ADD~ON MEMORY: 
PDPBA Add-on RAM Read/Write Memory 
MSBAA 1K 
MSBAB 2K 
MSSAD 4K 
'PDP11 -04 I 11-34 Add-on MOS Memory: 

£225 
£375 
£550 

MS11FP BK £550 
MS11JP 16K . .. .. .. . . .. .. . .. .. .. .. .. . £1,200 
PDP1 1-05 I 11-40 / 11-45 Add•on Parity Core. Memory· 
MM11 LP BK £1,000 
MM11UP 16K £1,250 
MF11UP16Kcompletewithbackplane . . . . . . . . . . £1,500 
PC81 High Speed Reader I Punch & Control for PDP81 £895 
DD11A 4 SPC·slot backplane . . . . . . . . . . . . . £195 
DR11 B DMA Interface complete with backplane £750 
KW 11 P Programmable Clock . . . . . . £345 
PR 11 High-speed paper tape reader and control . . . . . . £1,4 50 
RT01AB Single-line data entry terminal with hex keyboard and 20mA 
interface . . . . . . . . . . . . . . . . . . . £ 150 
TC11 TU56 DECtape drive and control £1,395 

COMPUTER PERIPHERALS 
PRINTERS 
CENTRONICS MODEL1 01 MATRIX PRINTER 
64 ASCII (uppercase) character' set . 132 Column . 165 characters per 
second . 5 x 7 dot matrix . Parallel Input PRICE £750 
WANG TH ERMAL PRINTERS 

· 64 ASCII (uppercase) character set. 80 Columns . Silent Operation . 30 
characters per second . RS232 Input PRICE £495 

SEALECTRO PATCH BOARDS 
Programme boards for switching and interconnecting input/ output 
c~rcuits. 11 x 20 )('( matri.x. Interconnection is by means of shorting . 
Sk1p and component holdmg pms (not included) . Dimensions: 7Y>" x 
5 31'4 11 

X 1" 
PRICE £12.50 (mail order total £14. 58) 
BURROUGHS SELF·SCAN ALPHANUMERIC DISPLAYS 
Single line panel display with 1 6 or 18 5 x 7 dot matrix positions and a 
repertoire of 64 characters. Input requirements: a six-bit (binary) code 
must be present at the data input terminal during the first five clock 
pulses of each character position . Power re_quirements : Positive logic 
supply 4. 75-5.25V, 160mA. Negative log ic supply -11 .4- ~ 12.6V 
-SOmA. Display power supply 237 .5-262.5V 30mA. Supplied with 
full technical data. 
£55 (mail order total £60.21) 
CALCOMP 565 DIGITAL DRUM PLOTTE R Y-Axis 11", X-Axis 
120' . Maximurr speed goo increments (6.3") per second. Input : 
Positive or negative polarity pulses, amplitude greater than 1 OV, rise 
time less than 10 microsec ., minimum pulse with 4 microsec. Source 
1mpedance less than 500 ohms. 
PRICE £1,250 
BADGE READER MATRIX TYPE M ODEL 181 
AMP Model 161 split matrix type (6x 14) + 6x 1A). Gold platedcontact 
spring and interposer buss. Dimensions: JY2" x 4 " X 2'.4". 
PRICE £25 (mail order total £28.08) 

NEW KEYBOARDS (mail order 
total) 

KB756 key-stations mounted on PCB £49.50 £55.08 
KB756MF. as above . fitted with metal mounting frame 

for extra rigidity ' £55.00 £81 .02 
Optional Extras · 
KB 1 5P Edge Connector 
KB701 Plastic Enclosure 
I<B702 Steel Enclosure 
K B 7 1 0 N'umeric Pad 
KB2376 Spare ROM Encoder 
LATEST ADDITION TO THE RANGE 

£3.25 £4.05 
£12.50 £14.31 
£25.00 £28.62 

£8.00 £9.18 
£12:50 £14.04 

KB 771. 71 Station key ooard incorporating separate numeric I cursor 
control pad and installed in custom-built steel enclosure w ith textured 
enamel finish . Case dimensions: 17V." x 7Y>" x 3%" . Total weight : 
4K~ . 

. PRICE £95 (mail order tota l £1 08) 
O~antity Discounts available . 

NEW KEYTOP/ KEYSWITCH KITS- AS.CII CHARACTER SET 
BRAND NEW SURPLUS 
Pack of 58 keytops and k.eyswitches comprising 49 " Owerty ·set. TTY 
format + g Edit/ Function keys. 
PRICE £15 (mail order total £17.28) 

SURPLUS KEYBOARDS 
KB3 ROM -encoded ASCI I keyooard with 63 push-bujton key stations . 
Selectable mode-e1ther full ASCII or TTY . Selectable parity 
TTL-compatible. Power requi remenTs : + 5V- 12V. Constructed · on 
rugged PCB with metal mounting plate. Supplied with full technical 
data . Manufacturers surplus. 
ONLY. £35 (mail order total £39.42) 

18-KEY PUSH-BUTTON 
CALCULATOR KEYBOARDS . 
18 keys including numerals 0-9, decimal point. <!: K + -X + = Push 
button " make-or-break" keys . Overall dimensions 5l'o" x 4%" x 
1 Y2 ". Mounted on PCB with output from each key+ common 
PRICE £4 (mail order total £4.58) 



ALL INVOICES, ENQUIRIES, ETC. TO 
OUR TEMPORARY ADDRESS OF 

CHIL ...-.. EAD LTD 
NORWOOD ROAD 

RE~DING 

Telephone No.·: READING 65916 

These units are designed to permanently provide power to essential 
electrical equ ipment. Incorporating a 12V DC trickle battery 

· 500mA charger operating whi le the public power supply is 
maintained and internal inverter with control relays that automati

. cally restore mains power in ·the event of a domestic power fa ilure. 
All assembled in ventilated cases . 

Features: \Neon panel indicators to show mains or inverter 
operating mode, DC inline fused , AC output fused , separate DC 
and a.c . relays. 

Inverter power output provides 240V AC at 50Hz with square wave 
. form smoothed an'd filtered . 

Installation is simple , just connect tbe mains lead to an earthed 
: socket, clip the battery leads onto a· 1 2V DC car battery, insert the 

lead of the electrical item you want to permanently operate. 
Guaranteed 2 years . Delivery 1 6/20 days. 

· ACE/1-Cased 6Vz 1 1 x 41!2 11 x 5 11 at 150 watts · 
ACE/2-Cased 8 11 x 6'' x 6 11 at 200 watts · 
AC/4-Cased 1211 x 10 11 x 1011 at 300 watts 
AC/2-Cased 12 1'x 10,'x 10,' ·at400watts 
CE/7-Cased 12 11 x 12, x 12 11 at 700 watts 

£38.50 
£4 6 .73 
£70.87 
£91 .0 0 

£158.90 

• Please add £5.00 per unit carriage ·- Overseas at cost 

Callers by ap pointme nt - Telephone: 01 -736 0635 

ELECTROVANCE, P.O. BOX 191 
LONDON SW6 2LS 

Model HFC600-D 1HZ= 600MHZ Frequency Counter fitted 
with XTAL Oven 8 dig it . 5' , LEDs driven to high brightness. 

Ranges= 1HZ- 50MHZ= 60 - 600MHZ. 

Gate = X.TAL 5 .24288MHZ 1.0 or .1 sec . by pushbutton 
selection . 

Input Imp = 50Q at 60 - 600M HZ 1 Qin par with 15PF at 
60MHZ. 

Typical Sensit ivity = 1 OmV = 50M HZ. 20mV = 200M HZ. 
150mV = 500MHZ. 

. Resolution = 1 HZ=0~60MHZ . 1OHZ= 60-600MHZ. 

Typical Stability = 3 parts 1 0 ·' per oc after 1 min . wa.rm-up 
time. · 

Power = 100-240V A.C. 40-60HZ=,9- 16V D.C. 
I 

Size =H .68mm W = 263mm D= 216mm . (Provis ion forint . 
batt pack) . Anodized aluminium cabinet . 

. Price£145-.00 +VAT 

7 HUGHENDEN ROAD, HASTINGS, SUSSEX, 
TN34 3TG ENGLAND. Telephone : (0124) 42~ 131 

WW - 101 FOR FURTHER DETAILS 

Name 

Name 

Company 

Address 

Post to: Miss Jennie Wisher, Silicon Seminars, PO Box 67 
Cobham, Surrey. KT11 3AG Telephone 09326·2388 

WW- lOS FOR FURTHER DETAILS 



'MULTI RANGE METERS Type MF15A. 
A.C.ID.C. volts 10. 50. 250. 500. 1000. Ma 
0-5. 0 -10. 0-100. Sensitivity 2000V. 24 ranges, 
Dimensions 133 x 93 x 46mm. Price £7.00 
plus 50p P&P (£8.10 inc. VAT & P) . 

TRIAC. 
Raytheon tag symmetrical Triac. Type Tag 25D/500v. 10 amp 500 p•v. 

· Glass passivated plastic triac . Swiss precision product for long term 
reliability £1.25 P&P 10p (£1.48 inc. VAT & P)' (inclusive of date and 
application she~t). Suitable Diac 22p. 

0 to 60 MINUTES CLOCKWORK TIMER. 
· Double pole 15 amp 230AC. Contacts (no dial). £11 50. P&P 30p (£1 .94 
·inc. VAT &_P). N.M .S. , 

MERCURY SWITCH 
Size 27m x 5mm, 10 for £5.00, P&P 30p. total 
inclu:Ji~~! -~5:12. M~r. qu~~t~- ~0 t-J M,~-

230 VOLT AC FAN 
ASSEMBLY 

, P~werful continuously r~t:d AC motor complete 
w1th 5 blade 6%" alum•n•um fan . New-reduced 
price £3.00 P&P 65p (£3.94 inc. VAT & P) . 
N.M .S. 

Carriage extra 

BRAND NEW. All types. 
200W (1 Amp) fitted A/C 

volt mater .........•. £14.50 
0.5 KVA (Max. 2 1h Amp) .. £17.00 
1 KVA (Max. 5 Amp) .... . £22.50 
2 KVA (Max. 10 Amp) .•.. £37.00 
3 KVA (Max. 15 Amp) •... £45.50 
5 KVA (Max. 25 Amp) .... £74.00 
10 KVA (Max. 50 Amp) . . £168.00 
17 KVA Max. 75 .. £260.00 

LT TRANSFORMERS 
0 10 \ 1 S\ ' ('I! J amp 1ex nc>w eq~ n p) £2.50 P&P flOp 1£3 .24 1nC" VAT) 
13-0-1 ] Va t 1 amp £2.50 P&P 50p i£3 .24 •nr VAT) 
7o 0 co V et o • . amp £4.50 P&P 75p(£5.67 on r VAT & Pi 
114•· 6V 24V 32Va11 2 amp £18.50P&P•1 90(£22.03•nr VAT&P1 
(l 6V ':• v a t :>O amp [14.70 P&P ' t oO l< nr VAT £17.501 
0 l /\' ;,t :-'0 ~m p o r Q./4 V i'll 10 amp £12.00 P&P • 1 ~10 j£14.58 mr 
VAT & Pl 
0-61' '/Vot t O amp £8.25 P&P •.t 75 tHK VAT £10.261 
l i- 6V ':> V t 7V t 8V :>(lV at 20 amp £19.00 P&P '1 oO i£22 .15 "" 
VAT & Pi 
0 '0V 171' 18Vat 10ant p £10.50P&P !t 50 t•n< VAT£12 .961 
OthE'I ty pef. •n stock phone f.or enq u1r1es o r send s<'lc for lcdfl(·t 

&PUMP 
Carbon vane oil-less. 10011 1 5V a.c. 1 /12 h .p 
motor 50 / 60 cycle 2S75 / 3450 rpm . 20" 

21-WAY SELECTOR . . .. / .. -_-:··~ · vacuum 1.25 c.f.m. TO p.s.i. (approx . figures) . 

SWITCH with reset coil . ·~ . ~ ·. _ ~~rp bl,~~~ T,?~t~~~c~i~; .~om~kc~r'~l~i~e :~i~~~~ 
!~ftd~~~~~~~ ~~~. ~~~it~-~~h. ~a~~cc.a!nd~~i~=s~-~~0~ ~ . . ~-~~ ·. : ~~~~~o~~rJ~s £3.50 P&P 50p . (Total: £3.78 inc 
any position by energis1ng the reset cod. 1 t-="=-=~~-;;;;.;;;;,;_~~~~ ......... =,.,--------1 
230/240v. A.C . operatiOn . Un1t is mounted on ' BLOWEF\/VAC.UUM PUMP ._. 
strong chassis . Complete with cover . Price £5.50 · · ._ - 3 phase A.C. motor 2201250v or 3S0 / 440v. 1.425 rpm y, hp ccint . 
P&P 75p (£1.75onc. VAT & P) . N.M .S Direct coupled to William Allday Alcosa carbon vane blm"er l vacuum 

VORTEX BLOWER -AND ·. -

VACUUM UNIT . '-': Dynamically balanced totally enclosed 9" · ....-• . , ' 
rotor with max. air delivery ~f 1. 5 cubic . ' 1 

~~g~~P~_;i~.u~i~~- ::a~;~:rf~~~r; . ~~ 
side-by-side 37mm 1.0. circular apertures , · 

rated 115v a.c . motor mounted on alloy base · ~- ' 
f itted to .base. of. u. ". it . Powerful continuously _-' . . . · 

with fixmg fac1ht1es . Dimensions : Length : 1 ' 
22cm x width 25cm x lteig_ht 25cm.' 
These Un"ltS'are ex-equipment but have had minimum use. Fully tested 
prior to despatch. Price £12 + £1 .50 P&P (£14.58 inc. VAT & P). 

·Suitable transformerfor 2301240v a.c . £8 + £1 P&P (£7 .58 me. VAT & 

cENTRIFUGAL BLOWER. · -~ 
Smith type FFB 1606 022 2201240v A.C. · -- . .. 
Aperture. 10x4'12cm averall .size 16. x14c.m . Price g.~ · · 

• !~~ra5b 1:&;;'~Pf~~n~~t~i~T :t.s:) Other types . \~ .)1 . . 
_. -- - " . ~- -~-----~· - ~....:.. 

24V DC BLOWE RUN!; . 
usA""made . 24v··o:-c . 8 amp blower that operates well on 12v. 4 amp 
D.C. producing 30 cu . ft . min. at normal air pressure. Maximum 
housing dia. 1 1 Omm . Depth inc. motor 75mm . Nozzle length 19mm. 
dia . 22mm: Ideal for cooling mobile equipment. car, c!aravan, etc . £4.50 
P&P 75p. 1£5.67 inc. VAT & P) . N.M .S . ... . - ' . ' . ~ 

0:2. :.0 P&P 3Sp 

pump. 0 .9 cfm 8 hg. Price £22.00 P&P £2 .00. (£25.92 tnc. vat +p) 
N.M.S 

. Jtln~l:Dil]_~tl):lilii;td:llf 
« HY-LIGHT STROBE KIT Mk. IV . lt 
il' ~~~e~i~~jP3eO~e~%3 :C~;t~.1~.h~~~~a~io8n~ 1 ~p~=~e~~j~~t~~~~dt;9Jf.~ns~ * iC Designed for large rooms, hall_s. etc. light output gre<:~ter than many Jt-
~ ~0Pla~~~cia~l~u~~s~~~et;f~~~!'~~:~e~i~c~:C~~~ ~~~~i~~;~~:~~ ~~s; Jt 
~ £100 ,1£10.58 inc YAT ~ P) _ •IJt 

~~*~**-********~**~~*~ t ULTRA VIOLET BLA{;K LIGHT ""'-
. '?' FLUORESCENT TUBES ....-
~ 4ft. 40 _watt £B. 70 (callers only). 2ft. 20 watt £6.20._ Post 7 5p. : * 
~ ~:;g~~o~~~s~ ~~~~~u1~~~~ta~A~-~nP;•t~7~~li ~~~1:;~2: * 
~ Post 35p (£2 .81 inc. VAT & P) . &in. 4wan £2.25 Post 35p (£2 .81 * 
~ ~~.;,~~~e&b:llast unit . Ei ther 6", 9" or 12" tube 230V. A.C . op Jt 
~ £3.50 plus P&P 45p (£4 .27 inc. VAT & P) . Also available for 12V Jt 

, ~ ': D.C~ op. £3.50 plus P&P 45p (£4 .27 inc . VAT & P) . . .* 
Jf' _,400w UV lamp and bal last complete £31.50. Post £3 . 1£37 .26 . • . Jt ~:~~ ~:.J ~ :/ 400w UV lamp only £11 .25 Post £1 .20 (£13 45 Jt. .... , ................ . 
SQUAD LIGHT 
A new conceptiOn in light 
control. Four channels each 
capable of handling 750 watts 
of spotlights or dozens of sm~ll mains l_amps . ~even pr~grams all speed 
controlled plus flash modulatiOn, effect1vely givmg 1 4 drfferent displays . 
Makes sound-to-light obsolete . Completely electrically and mechan ically 
noise free . Price only £60.00 (£65. 61 inc. vat + p) 

S.A.E. (Foolscap) for further details. Post 75p 

WIDE RANGE OF DISCO 

SOLENOID 
Mfg. by Magnetic Devices . 2ll0v A .C. 
Operation approx . 1 Olb . pull at o/oth . in 
Ratmg rnterm1tant Pnce £:4.00 P&P 60p 

-J£4.96 InC VATJ N M s •

- - . LIGHTING EQUIPMENT 
• SA E. (Foolscap) for details 

l ' o , a---X-E_N_O_N_F_L_A_S_H-----------1 

GUN TUBES ~~~-----~-~-~_;_~,?, ·'PYE EYTHER 
240v A. C. Solenoid . Approx. 1 lb pull. 'A in 
travel. intermitant rating. Price £1.00 P&P 
20p (£1.30 inc. VAT _&_~M . S . 

'wESTOOL TYPE MMB MODEL 2 
240V AC. Approx . 1'/.o _lb pull at 'h •nch . Rating I 
(£1.84 inc .. VAT & P) . N.M.S. 

Price £1.50 P&P 20p 

lNEW\ : .· ~--· -~~ ~ t0\1.E. SJJ~~.: . nu~ged metal constructron . · . ' .' 
suitab.le'"for be~ch or fie_ld wor~. c. ons_tant speed . . . . _- .. : • . · 
clutch Si2e L. 8 m .. W 4 :n . H. 6 tn . we1ght 6 lb . • 
500 VOLTS 500 megohms · , ' 

1000 
~~L~ fgbto ~0~0~~~-78 me. VAT & P) C:::::::::' .4ttQ 

' £55.00 Post SOp 1£80.28 inc. VAT & P) -
SAE for leaflet 

ANOTHER-OUT-STANDING OFFER 
FD 600V D"bilier wire ended capacitors, 1 0 for £1.50 P&P 50p 
inc. VAT + P&P) . (Min 1 0) . 

Range of Xenon tubes available from -. =-~-
stock . S.A.E. for full details . 

-R E LAYs W i.de. range of AC and DC ~ela_vs available 
from stock . Phone or wnte m your en_________ qurne.s 

~3P~t240V A. C. Relays: Arrow. 2 c l o . ,Ts ·a;,:;p£1-:-so (£1 .84 inc . VAT 

T.E.C. open type 3 cl o. 10 amp £1. tO (_£1.40 inc. VAT & P). Omoron or 
Keyswltch 1 c/o. 7 amp £1_.00 (£1.30 1nc. VAT &"P) 
D.C.-R~;;; O~en-t~~~-9 t.12V-3 ~~~-7-;··;,.;~El.DD (£1.30 inc. VAT & 
P) . Sealed 12V 1 c/o 7 amp octal base, £1.00 (£1.30 inc. VAT & P) 
Sealed 12V 2 c/o 7 amp octal base. £1 .25 (£1 .56 inc . VAT & P) . Sealed 
1 2V 3 c / o 7 amp 11 -pin , £1.35_ 1£1.67 inc. VAT & P) . 24V. Seale,d 3 . 

, c / o 7 amp 11-ptn £1.35 (£1.87 1nc. VAT & P) (amps= contact ratong) 
P&P on any Relay 20p. 
Other types available- phone for details . N .M .S 

tiiamo~d H heavy duty A .C. relay 230/240V ~.c .. two c/o contacts ~5 
amps res at 250Va.c. £2.50 P&P 50p. (£3.24inc VAT+ P&Pi Special 
base 
~-r~r-wr----,. 
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GEARED MOTORS 
100 R.P.M. 115 1bs. ins.!! 

1 15 lb. ins. , 110 volt. 50Hz. 2 .8 amp, single phase. 
spli t capacitor motor . Immense power . Continuously 
rated . Totally enclosed. Fan coole_d . ln - l i ~e gearbox . 
Length 250mm . Dia. 135mm. Spmdle Dta . 15. 5mm 
Length 115mm, ex-equtpment tes_ted £12.00 Post 
£1 .50 (£14.58 inc. VAT & P) . Suitable transformer}"-!!!IJ!!!Iij_f;'!!!zt~ 
230/240 volt £8.00 Post 75p (£9.45 1nc. VAT & P) . • ·''"""'"''! .. . ..., 
R&T 
GEARED MOTORS 
28 ;:p :.-,.;.~ 2-oib.'iRCh~-, 15~a.z.Reve~s•~i~ motor 
71 r.p.m. 10 lb. inch. 115v a.c. Hevers1ble motor. 
Both types stmilar to above drawmg . Pnce etther type £4.75 + 
P&P. (£5.94 inc. VAT + P&P) 
SUpplied w ith t ransformer for 240v a.c. operat ion £7.25 + P&P £1 
(£8.91 inc. VAT + P&P) . 
N.M.S 

FRACMO MOTOR 
56rpm 501bs inch 240vAC reversible , 0 . 7 amp. 
sharplength 35mm . dia. 16mm. weight 6 kilos 
600 grams. Price £15.00 P&P £1. 50 (£17.82). 
N.M .S 

PARVALUX MOTOR TYPE S.b-.i 
12V .~DC ~t-,~~~~~ 1 /30thP-hffiOtor:-c·Onifr1UOu~ate_d_ 4600 rPm Price 
£10.00 P&P 75p (£11.81 inc. VAT & P) . N.M .S 

ALUX 230 I 250V a.c. 
MOTOR 
Type SOlS 240V AC reversible 30 rpm 501ba inch . 
Pnce £15.00 P&P £1 .50 (£17.82 tnc. VAT) N.MS 

-~-• ~ •• ~ I. • 

'

' -

REVERSIBLE MOTOR 230V A.C. 
General Electric 230v A.C ., 1,600 r .p.m . 0 .25 amp. Complete with 
anti -v ibration mounting bracket and capacrtor . 0/A size 1 1 Omm x 
90mm . i I 5 / 16 dia . reversing . Ex-equipment tested £3.00. Post 

VAT & Pl. 

fh wf·rf \ .1 f o r <;r t r' 
Apprp-.. "-PPI"<! rtt fi V 60 rp r11 40 m;r 
Appr<·>< :.rwt'd ;~ t 9V 80 r pn1 !)(J m ;1 
..J.ppro" "P<'P<I ilt 1 :v 1 20 rpm 6 ( ' nl~l 
S:Jt• ~:n, rr cfr;l J8mrn h•llfjth Wf!I~J hl 55 ~ JI <lll \ Or rvt· ~p n1 dl• :, n U l ' ~ ~ 
n 1:· <h, 
Price: £2 .50 pn~ t p" rd t£2 .70 rnr I VAT\ 

METERS (New) - 90mm 
DIAMETER ... : 
AC Amp., Type 62T2. 0- 1A, 0-5A, 0 -20A AC Volt. . • 
0-15V. 0-300V. DC Amp, Type 65C5 . 0-2A. 0-10A. • .. _, 
0-20A. 0-50A DC Volt. 0-15V. 0-30V. All types £3.50 . . 
eo + P&P 50 o <£4.32 •ncl VATJ 0 50 A 0 C 0 · 1 OOA 
0 C P11ce £5.00 + 50 o P&P £5.94 1ncl VAT) 

'VENNER TYPE' ERD TIME 
SWITCH 
200 12 50V AC 30 amp. 2 on / 2 off every 24 hrs. at any 
ma~u~\ly pre-~e t t ime _. 36-ho':' r spri ng r eserv~ and day 
om1tt1ng dev• ce . Bu tlt to hrg hest Electri c1ty Board 
spec ification . Price £7.75 P&P 75p. (£9.181. A & T. 

SAN 0 WESTON TIME SWITCH 
Type S251 200 / 250VAC 2 on 2 off every 2 4 hours. 20 amps contacts · 
with override swrtch, d1ameter 4 "' x 3 · . pnce £6.00 P&.P 50 p (£7 .02 
inc . VAT & P) . Also available with Solar dral .. R & T 

AEG TIMESWITCH 
200 / 250VAC 1 on / 1 off every 24 hours. 80 amp contact (idea l storage 
heaters) . Spr ing rese rve £10.00 P&P 50p (Total · £11 .34 inc . VAT) 
N.M .S 

New ceramic construct ion. vitreous enamel 
embedded winding . heavy duty brush assembly , 
con tinuously rated . 

25 WATT "1 0 75 100 150 7o0 500 1 k 1 5k '""" £2.40 p,,, 
:>Op 1£2.81 ' '"" VAT & P) 50 WATT :>SO <1hn 1 £2.90 Pt ·!--1 ;>~)p 
,£3.40 ''" VAT&PJ 100WATT 1 5 tO ?5 ~,[1 tOO 7S(1 

;, O() l k 15~ ')Sk 5 k ohm£5.90 P0"1 ~l ~;pt £6 . 75 HH· VA1 
& p~ 
Black Silver Skirted Knob l"t=ilr b rfi1P.d rn No!- 1 9 1'. 111 d 1:1 hr;,..,.-. 
ht•·-h htf" <'l l i o• (lhnve Rhoset1S 24p ea. -

SPECIAL OFFER" 
BERCO type L RHEOSTAT 
85 ohm 300 wan 1.86 amp £7.50 P&P 50p (Total £8 .64 inc . VAT) 
N.M S 

FRACMO MOTOR 
1400 rpm HP 1 / 30 co nt inuously ra ted 115V AC fitted with 
antr -vibratron cradle mounti ng . Supplied complete wi1h t ra n sform er for· 
230 / 240V ACop. £10.00 P& P £1 00 (Total · £1 1.88 inc. VAT) . N.M .S. 

' N .M .S. - New Manufacturers · Surplus 
R & T - Reconditioned and Tested 

ACCOUNT CUSTOMERS 
MIN. ORDER £10.00_ . 

-=----A-:::AIL ORD;~~-:LSO CALLERS AT - - -SE-RVICE TRADII\IG. co. -----;E~~~AL CALLERS ONLY 0 

57 BRIDGMAN ROAD. CHISWICK. SHOWROOMS NOW OPEN I 9 LITTLE NEWPORT STREET, 
LONDON, W4 588. Phone: 01-995 1560 AMPLE PARKING LONDON, WC2H 7JJ 

ClosedSaturdafS Tel 01-4370576 
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SYNERTEK* 
SYM-1 
MICROCOMPUTER 

Features Include: 

e Ready to use because it's fully assembled, tested and completely integrated as 
soon as you open the sh1ppmg contamer . . 

e 51 totat 1/0 lines, expandable to 71. 

e The powerful SY6502 8-bit microprocessor with advanced architectural 
features which make it one of the largest selling "micros'" on the market 
today. 

e Five on-board programmable interval timers available to the user for timing 
loops, watchdog functions. and real-time communications protocols. 

• 4K-byte.ROM SUPER-MON resident monitor and user expandable. 

e Single 5-volt power capability is all that is required. 

e IK-bytes of static RAM on-board with sockets provided for immediate 
expansion to 4K bytes on-board, with total memory addressability to 65.536 
bytes. 

e User PROM/ROM- the system is equipped with 4 PROM/ROM expansion 
sockets for SY2316/SY2332 ROMs or 2716/2732 EPROMs, up to 28K bytes. 

e Standard interfaces: digital audio c~ssette recorder interface ·with remote 
control; full duplex 20mA teletype interface; system expansion bus interface; 
TV /KB controller board interface; RS 232 compatible interface; four 
strappable relay drivers or input buffers; and a 32-character single line 
oscilloscope display interface. 

e Application port - 15 bidirectional TTL lines for user applications with 
expansion capability for added lines. 

e Expansion port for add-on modules (51 110 lines in basic system). 

e Separate power supply connector for easy disconnect of the DC power 

. e Uses same hardware interface busses as KIM-I (MOS Technology). 

Sym-1 Microcomputer Board 
Sym-1 Reference Manual 

Ex-stock from:-

sou;nHI)(' 
lllsPlAY 

£192 (+8% VAT) 
£7 (no VAT) 

*Synertek Inc. 
is a Honeywell Company CITADEL PRODUCTS LTD. 

50 High Street. Edgware. Middx. HA8 7EP. Tel: 01-951 i 848 

WW-096 FOR FURTHER DETAILS ·-- - - -----~-

ELECTRONiC POWER UNITS 
............................................................... ~.-........... .. 

FOR XENON ARC AND MERCURY ARC LAMPS 
UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off the shelf models or to 
specific design. 

MAIL ORDER PROTECTION 
SCHEME 

(Limited Liability) 
11 you order from mail order advertisers in this magazine. except ior -Ciissified advertisem-ents. and pay 6y 
post in advance of delivery. Wir.eless World will consider you lor compensation it the advertiser should 
become insolvent or bankrupt. provided 
1. You have not received the gooda or had your money returned; .. d 
2. You write to the publisher of Wireleu Worl• explaining .. e position nul earlier than 28 days from the 

i 

fJFilMI 
· ~---~~~t~::§-.:~ · .. 

day you sent your order and not later than 2 month from that day. l 
Pleas6 do not wait until the 1111 momBIII to inform us. Whlln you write. we willlell you how to mike your • 
claim and what evidence ol payment is required. : 

mrm 
K. T. Manners Design Ltd. 

P.O. Box 936, London, W.4. Telephone 994 7155 

We guarantee to meet claims from readers made in accordance with the above procedure as ioon n : 
possible after the advertiser has been declared bankrupt or insolvent up to a limit of £3.550 '" 
per annum lor any one advertiser so affected and up to £10.000 per annum in respect of all insolvent : 
advertisers. Claims may be paid lor higher amounts. or when the above procedure has not been complied • 
with. at the discretion of Wireless World: but we do noltuarantee to do so in view of the need to set some : 
limit to this commitment and to learn quickly of readers· difticuHies. : 
This guarantee covers only advance payments aent in direct response to 11 advertisement in this • 
magazine Jnol lor eunple. payments made in respowsiToCilaloguas. etc .. received as a resull of : 
answering such advertisements. Personal advertisements are excluded. C 

•• • • • • • • • • • •-• • ••••w• •••• •• a ·a •••·•••• •••••• ••••••••••••••••••••* 

£145 + 8%VAT -· General Purpose Low Cost Counter Withoutlhe Sacrifice of Basic Perfo-rmance 
us to "Check the features we have that some other low-cost counters don't 

1 sec.:___ _ ____ ____ __ _ . _ . tl!IJ~~ - - e All Metal Cabinet e-Sensiti;;\y 10 MV at 60 e c;-;;,pletely Auto Decimal Point _____ • rheNew Model CTR-2A_ Series ~ounters are designed an d bu ilt to the h ighest standards to fulfill the needs _of • 8 Digit .4 LED Dis- MHz • 
~~~~~~;=~ ~~~;eu~~~a~~~~~~~;~~~;~".~;:~~~t~da~~r;~~~;~i~~il~teh:t~~;t ~i~~hae~ :~~u~~~~i~lt c~u~~~r~05%, the , play e 240V or 1 2V Operation e ;~~l~~~b~~e~~~ Times ( 1 sec & . 1 

, If y_~_uneeda rel1able counter at an affordable price . the CTR-2A is the answer e Input Cab le Included e Push Button Controls · e Crys1al T ime Base 1 ppm 
• Bui l t~nPre-Amp10mv@ 150MHz - • PeriodMeasureme~ t -(ciptio,;al) - ·· ·- e 12V )npu1Jack • Gat.-::e:=L-=:ig'-;:h,-:t-:-:c:,..-,;-;:::----;:::-:;:-;:;- --- - ·-
• :8 Digit .3LED D•splay _ e Input Diode Protected ~ CTR-2A-500 £280 & VAT 8% CTR-2A- 1 000 £420& VAT a·% e H1gh Stab•lity TCXO Time Ba>e e 12V-DC Operat•on (Optiona l) 
• Bu ilt-in VHF-UHF Prescaler e Oven Controlled Crystal :-c _5 ppm We are exclusive UK Distributors for DAVIS ELECTRONICS, NY; U.S.A. e Automatic Dp Placement e Selectible Gate Times-. 1 & 1 sec and European Distributors for LUNAR ELECTRONICS, San Oi"ego. e TCXO Std .: 2 ppm California, U .S .A . (Linear Amplifiers & Receive Preamplifiers) 

TRADE & EXPORT ENQUIRIES 
WELCOME 

SOTA COMMUNICATION SYSTEMS LTD. i6 CHJLDWALL LANE, BOWRING PARK, LIVERPOOL L 14 6TX. Tal: 051-480 5770 ' 

WW-076 FOR FURTHER DETAILS 



,132 WIRELESS WO_RLD. APRIL 1 ~79 ' 
- - ' 

LANG REX SUPPLIES LTD 
Climax House, Fallsbrool< Rd., Streatham, london SW16 6ED 

RST Tel: 01-677 2424 Telex: 946708 . - .RST 
• • .. :I I :. I · • ·.· ~ . ~ t I • -=,--_-·-o-,_·l'tlll . - I " -- -1 -I. 

2.50. 
2.50 
2.50 
1.75 
1.25 
0.75 

1.75° 
2.25*. 
1.75* 

1 ZTX502 0.16* 
ZTX 503 0. 17* 
ZTX504 0.20* 
ZTX531 0.20* 
ZTX550 0.16* 

OAZ201 1.00 CRS3/60 
GEX66 
GEX:>il AA119 

AAY30 
I I 

I 

AAY32 0.42 
AAZI3 0.18 
AAZIS 0.34 
AAZ17 0.27 
AC107 0.60 
ACI25 0.20 
AC126 0.20 
ACI27 0.20 . 
ACI28 0.20 
AC141 0.25 
ACI41K 0.35 
AC142 0.28 
ACI42K 0.30 
AC176 0.20 
ACI87 0.20 
AC188 0.20 
ACYI7 0.85 

. ACYI8 0.80 
ACYI9 0.75 
ACY20 0.70 
ACY21 0.75 
ACY39 1.50 
AD149 0.70 
AD161 0.45 
AD162 0.45 
AFI06 0.45 
AF114 0.75 
AF115 0.75 
AF116 0.75 

; AF117 0.75 
AF139 0.40 
AF186 1.20: 
AF239 0.45 
AFZII 2.75. 
AFZI2 2.75 
ASY26 0.40 

0.40 · 

-·----
Al834 9.00 

A'sz-.:s-1.25· 
ASZI6 .1.25 
ASZ17 1.25 
ASZ20 1.50 
ASZ21 2.00 
AU113 1.70* . 
AUYIO 1.70* 

· AVIIO 1.70* 
BA145 0.13* 
BA148 0.13* 
BAI:>i 0.09 
BAISS 0.10 
BA156 0.09 
BAW62 0.05 
BAX13 0.06 
BAX16 0.09 
BC107 0.1% 
BCIOS 0.12 
BCI09 0.13 
BC-113 0.12* 
BC114 0.13° 
BCIIS 0.14* 
BC116 o.15* 
BCII7 0.17* 
BC118 0.10* 
BC125 0.16° 
BC126 0.20* 
BC135 0.14* 
BC136 0.15* 
BC137 0.15* 
BC147 0.09* 
BC148 0.08* 
BC149 0.09* 
BC157 0.09* 
BC158 0.08* 
BC159 0.10* 
BC167 0.12* 
8Cl70 0.11• 

llci7z 
BC173 · 0.12* 
lie~ 
BCI78 0.14 
BCI79 0.16 
BC182 0.11* 
BCI83 0.10* 
BCI84 0.11* 
BC212 0.13* 
BC213 0.12* 
BC214 0.15* 
BC237 0.09* 
BC238 0.12* 
BC301 0.25 ' 
BC303 0.24 
BC307 0.10* 
BC308 0.10* 
BC327 0.20* 
BC328 0.18* 
BC337 0.18* 
BC338 0.17* 
BCY30 1.00 
BCY31 1.00 
BCY32 1.00 
BCY33 0.90 
BCY34 0.90 · 
BCY39 3.00 
BCY40 1.00 
BCY42 0.25 . 
BCY43 0.25 
BCY58 0.16 

~g~~ ~::~I 
BCY72 0.13 
BCZ11 1.50 
BDIIS 0.45 
BDI21 1.20 
BD123 1.20 
BD124 1.30. 

EF85t 
EF86t 
EF89 

BDI32 
BD135 
BD136 . 
BD137 
BD138 
BD139 
BD140 
BD144 
BD181 
BDI82 
BD237 
BD238 
BDXIO 
BDX32 
BDY20 
BDY60 
BF115 
BFI52 
BFI53 
BFI54 
BFI59 
BFI60 
BFI67 
BF173 
BF177 
BF178 
BF179 
BFI80 
BF181 
BF182 
BF183 
BFI84 
BF185 
BFI94 
BF195 
BFI96 
BFI97 
BF200 
BF224 
BF244 

0.38 
0.34* 
0.34* 
0.35* 
0.40* 
0.43* 
0.44* 
2.00 ' 
1.10 
1.18 
0.40 
0.55 
0.91 
2.00 
1.25 
1.50 
0.25 
0.18 
0.20 
0.17 
0.23 
0.16 
0.20 
0.20 
0.24 
0.24 
0.25 

.0.30 
0.30 
0.30 
0.25 
0.25 
0.25 

0.09* 
0.09* 
0.10* 
0.12* 
0.27 

0.20* 
0.28* 

A2087 11.81 
A2134 6.75 
A2293 7.50 ·. 

E!30L 
EISOCC 
El80F 
E182CC 
El86F 
EI88CC 
E280F. 
E283CC 
E288CC 
EA52 
EA76 
EABC80 
EAC9l t 
EAF42 
EAF801 
E841 
EB9lt 
EBC33 
EBC41 
EBC81 
EBC90t 

5.61 
16.85 
5.84 
6.12 
5.92 
8.04 
5.05 

18.27 
7.85 

12.75 
14.91 

·mn 
GUS! 
GXUI 
GXU2 
GXU3 
GXU4 

12.15 
12.15 
10.97 
17.20 
23.57 
28.50 
1.60* 
1.25* 
4.00* 
1.52* 
4.00* 
3.50* 
5.00* 
6.25* 
1.75* 
1.75* 
1.75* 
9.04 
6.37 
6.78 
5.58 
5.86 
7.85 
3.75 
3.56 
3.40 
5.20 
8.39 
6.60 
6.80 
4.50 
4.85 
4.75 
3.75 
5.10 
6.12 
5.87 
4.50 
4.60 
3.70 
6.50 
5.72 
9.16 
2.30 
2.80 
2.60 
7.95 

1.00* 

A2426 ·Jl.19 
A2521 10,11 
A2900 7.58 
A3343 22.23 
AZ31 1.10* 
AZ41 1.15* 
8K448 62.70 
8K484 84.70 
8S90 27.25 
BSSIO 27.75 
BT5 34.30 
8Tl7 61.95 
BT19 21.15 
BT29 188.90 
8T69 193.25 
BT75 79.65 · 
BT95 74.35 
CBL31 1.50* 
CL33 2.00* 
CY31 1.00* 

. EBF80 
EBF83 
E8F89t 
EBL31 

EF93t 
EF94 t 
EF95t 
EF98 
EF183t 
EF184t 
EF804S 
EF805S 
EH90 
EK90t 
EL32 
EL33 3,50* 
:. L :.J J'H\ ' 1.60* 

JL '·i\!L' L2,24_:', 
EL36 . 0.95* 
EL41 1.25* 
EL42 1.75* 
ELSI 1.10* 
EL83 1.25* 
EL84 0.45* 

GY501 
. GZ32 

GZ33 
GZ34t 
GZ37 
KT61 
KT66 
KT88 
KTW61 
KTW62 
KTW63 

CIK 10.00 · EC90t 
EC9lt 
EC92 
EC!57 
ECC33 
ECC35 
ECC40 
ECCS!t 
ECC82t 
ECC83t 
ECC84t 
ECC85t 
ECC86 
'ECC88t 
ECC89 
ECC9l t 
ECC 189 
ECC807 
ECC808 
ECF80t 
ECF82t 
ECF86 
ECH3~ 
ECH42 ' 
ECH8lt 

1.50 
1.20* ' 
0.50* 
1.25* 
1.75* 
2.00* 
0.40* 
1.75* 
1.25* 
1.10* 
0.75* 
9.50* 
1.25* 
0.45* 
2.50* 
0.55* 
2.80* 
1.25* 

! EL86t 0. 75* 

M8079 
M8080 
'1118081 
M8082 
M8083 
M8091 
M8096 
M6097 
1\18098 
M6099 
M8100 
1118136 
M8137 
1.18140 
M814! 
M8J42 
M8144 
M8149 
M81'l! 
M8162 

' ~t~t ~fa: C3A 10.00 
C3JA 20.20 
DA41 18.70 %18.50 

3.50* 
3.50* 
1.25* 
0.50* 
0.47* 
0.55° 
0.60* 
0.55* 
2.00* 
0.75* 
0.80* 
0.55* 
1.66• 
1.75• 
2.25* 
0.60* 
0.70* 
0.80* 
2.00* 
1.15* 
0.55* 
1.25* 
o.85* 
0.60* 
0.75* 
0.60* 
1.50* 
1.40• 
1.12* 
0.85* 
2.50* 
1.60* 
1.15* 
1.20* 
2.00* 
0.60* 
5.00• 
2.50* 
0.50* 

· EL95t 0.80* 
DA42 10.70 EL156 16.25 
DAIOO 46.00 EL360 2.75* 
DAF9lt 0.40* ' El.S00/504 1.88* 
DAF96 1.00* EL509 3.16* 
DET22 21.00 EL821 . 11.42 
DET24 46.00 EL822 6.55* 

EM80 1.10* 
EMS! 1.00* . M8163 

DF9lt 0.40* 
DF96 1.00* 
DK9lt 1.05* · EM84 1.00* 

I ~~~ :~~ DK92 1.25* 
DK96 1.10* 
DL92 0.75* EN32 15.66 
DL94 1.20* EN9lt 2.24 
DL96 1.10* EN92 5.81 
DL510 8.25 EY5l t 0.75* 
DLS15 10.76 . EY81 1.65* 
DLS16 10.76 EY83 1'.75* 
DLSI9 10.76 • EY84 5.33* 

· M8190 
M8195 
M8196 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MUI4 
MXI!9 
MXI23 
MX145 
MX\51 
MXlb2 
MX161 
MX1~3 
MX164 
MX!ti6 
MX!68 
N78 
OA2 t 
OA3 
OA4 
082t 
083 
OC2 
OC3 
OD3t 
OZ4 
PC86t 

DM70 1.25 
DM71 1.25 
DMI60 1.50 
DY8617t 0.55* 
DY802 0.80* 
E55L 21.89 
ESOCC 5.00 
ESOCF 7.21 

·. E80f 6.32 
E60L 5.53 
ESICC 5.76 

, E81L 6.20 
I E82CC 6.12 
, E83CC 6.23 
E86C 9.31 

; E88C 5.43 
; E88CCt 1.00 
• E90CC 5.46 
. E90F 5.16 
E91H 4.65 

'ECH83 
ECH84 t 
ECL80t 
ECL81 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86t 
EF37At 
EF39t 
EF40 
EF41 
EF42 
EF50t 
EF54 

BASES 
B7G unskirted D.IS 
87G skirted 0.30 
B9A unskirted 0.15 

CRTs 
2AP1* 8.50 
2BPI ' 9.00 
3BPI 8.00 

89A skirted 0.30 3DPI ' 5.00 
lnt Oc.tal 0.20 3EGI' 7.00 
Loctal 0.55 3FP7' 6.00 

Nuvistor.base 0.55, 
8 pin DIL 0.15 
14 pin DIL 0.15 
16 pin DIL 0.17 
Valve screening 
cans all sizes 0.30 

3GPI 8.00 
~PI' 8.00 
3JP2' 8.00 
3JP7' 10.00 
3KPI ' 15.00 
3RP1* 35.00 

EY86t 0.50* 
EY88 1.75* 

· EY500A 1.94* 
EY802 0.82* 
EZ35 0.55* 
EZ40 1.25* 
EZ41 1.25* . 
EZSOt 0.50* 
EZ81t 0.50* 
EZ90t 0.60• 
FW4·500 2.50* 
FW4·800 2.50* 
G l -371K 8.63 
G55-I K 11.00 
G\80-2M 16.02 
G240-2D 11.18 

' G400-IK 16.77 
GN4 4.50 
GN4A 4.50 

' G516 9.00 
GTIC 9.23 • 

24.75 
45.00 
33.75 
13.50 
80.00 
80.00 
14.55 
14.45 

110.00 
30.00 
9.00• 

t .55 
1.10 
1.10 
0.80 
0.75 
2.55 
0.75 
0.75 

1.60* 

. 5AbP! 
5BP1 ' 
5CPI' 
5CPIA 
5FP\5A 
5UP7· 
DG7-5 
DG7·32 
DH 3-9! 
DH7-ll 
VCR97' 

35.uU • vcR.t3s• 1o.Oii 
10.00 VCR138A ' 12.50 

5.00 VCRI39A * 8.00 
40.00 VCR517A "IO.OO 
15.00 VCR517B' 6.00 
14.00 VCR517C 6.00 
25.00 
38.00 Tube Bases 0.75 
31.00 • =Surplus 
68.00 VAT 8% 

5.00 

BF258 
BF259 
BF336-· 

: ; •• 1 

BF337 
BF338 
BFS21 
BFS28 
BFS61 
BFS98 
BFWIO 
BFW11 
BFX84 
BFX85 
BFX87 
BFX88 
BFY50 
BFY51 
BFY52 
BFY64 
BFY90 
BSX19 
BSX20 
BSX21 

I I 

I I 

I 

I I 

I I 

I' 

I' 
I 

I 

1 

I 

I' 

1 ' 

I ' 

I ' 

I 

I I 

I I 

· BTI06 1.25 
BTY79/400R 

BU205 
BU206 
BU208 
BYIOO 
BYI26 
BY127 
BZX61 
Series 
8ZY88 

·Series 
CRSI/05 
CRSI/40 
CRS3/40 

3.19 
1.75* 
2.25* 
2.00• 
0.45 
0.14 
D.l5 
0.18 

0.13 

0.45 
0.60 
o.75-

0.85* 
PC95 0.70* 
PC97 1.08• 
PCOOOt 1.00* 
PCC84t 0.50* 
PCC85 0.60* 
PCC88 11.65* . 
PCC89t 1.05' 
PCCI89t 1.00* 
PCC805t 0.95* 
PCC806t 0.95* 
PCES~t 1.72* 
PCF80 0.96* 
PCF82t 0.50* 
PCF86t 0.75* 
PCF87 1.10* 
PCF200t 1.15* 
PCF201t 1.10* 
PCF80lt 0.60* 
PC F802t 0.88* 
PCF805 1.44• 
PCF806 1.44* 
PCF808 1.44* 
PCL82t O.!i(l• 
PCL83t l.SS* 
PCLMt 0.7.)' 
PCL85t 0.96* 
PCL86t 0.65* 
PCL805/S5t 

0.96* 
PD500 3.60* 
PE!J6-40N 27.30 
FFL200 1.12* 
l'L36t 1.12* 
PL81 1.12* 
PL81At 1.12* 
PL82 0.60* 
PL83t 0.55* 
PL84t 0.75* 
PL504 / 505t 

1.20* 
PL508t 1.60* 
PL509t ?.72* 
PL519t 3.60* 
PL80! 1.10* 
PL802t 3.46* 
PY33 1.10* 
PY8lt 0.92* 
PY82 0.80* 
PYS:J 0.70* 
PY88t 1.16* 
PYSOOA t 1.60* 
PY800 8..92* 
PY801 0.92* 
QQV02-6 9.90 
QQV03-l Ot 2.00 
QQV03. 20At 

10.50 
QQV06-40At 

13.00 
QQV07-50 

40.37 
QQZ03-20A 

27.50 
QQZ06·40A 

7400 
7401 
7402 
7403 

-. 7404 
7405 
7406 
7407 
7408 
7409 
7410 
7412 
"7413 
7416 
7417 
7420 

45.20 
11.00 
3.00 

0.16 
0.16 
0.16 
0.16 
0.17 
0.16 
0.40 
0.40 
0.20 
0.20 
0.18 
0.26 
0.32 
0.32 
0.32 
0.17 

GJ3M 
GM0378A 1.75 ' 
KSIOOA 0.45* 
MJE340 0.80 
MJE370 1.17 
MJE371 0.61 
MJE520 0.52 
MJE521 0.55 
MJE2955 1.25 
MJE3055 0. 75 
MPFI02 0.30* 
MPFI03 0.30* 
MPFI04 0.30* 
MPFI05 0.30* 
MPSA06 0.24* 
MPSA56 0.28* 
MPSUOI 0.36* 
MP5U06 0.46* . 
MPSU56 0.49* 
NE555 0.45 ' 
NKT401 2.00 
NKH03 1.73 
NKT404 1.73 
OA5 0.95 
OA7 0.55 
OAIO 0.60 

· OA47 0.14 
OA70 0.30 
OA79 0.30 
OA81 0.30 
OA85 0.30 
OA90 0.08 
OA91 0.08 
OA95 0.08 
OA200 0.09 
OA202 0.09 
OA211 1.00 

228.00 
QZ06· 20 20.60 
RIO 5.00 
Rl7 1.65 
RIB 3.95 
R!9 1.00 
R20 1.44 
RG3·250 21.51 
kG~-250A 23.28 
RG3-1250 22.20 
RG4·1250 27.50 
RG4-3000 56.65 
RR3-250 34.77 
RR3-1250 62.37 
5111012 22.36 . 
5130 2.00 
S l ~OP 2.50 
STV80.40 10.00 
ST \ '280-bO 

20.00 
5U41 2.50 
SU42 9.00 
Tu03 ·lO 21.50 
TD03·10E 22.75 
Tuu~-IOF 24.00 
TTI5 22.00 
IT71 9.63 
IT22 9.63 
TT!OO 60.00 
TYZ-125 49.50 
TY 4·400 59.30 
TY 4-500 76.82 
rvo-500 160.00 
TY6-800 145.00 
TY6-5000A 

217.85 
TY6-5000B 

206.00 
TY6-5000W 

195.80 
TY7-6000A 

237.60 
TY7-6000W 

192.50 
TZ40 · 15.00 
Ul8-20 2.50* 
Ul9 9.15 
U25 1.16* 
U26 1.44* 
U37 11.00 
UA8C80t 0.58* 
UAF42 1.25* 
U841 1.25• 
UBC41 1.00• 
UBF89 0.60* 
UCC84 1.10* 
uccsst o.5s• 
UCF80 1.15* 
UCH42 1.20* 
UCHSH 0.65* 
UCL82t 0. 75* 

7423 
7425 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7447AN 
7450 
7451 
7453 
74:;4 

1.44* 

0.30 
0.30 
0.43 
0.17 
0.30 
0.36 
0.32 
0.32 
0.18 
0.85 1 

0.72 . 
O.!HI 
0.18 
0.18 
0.18 
0.18 

OAZ206 1.00 
OAZ207 1.00 
OCI6 2.00 
OC20 2.50 
OC22 2.50 
OC23 2.75 
OC24 3.00 
OC25 0.90 
OC26 0.90 
OC28 2.00 
OC29 2.00 
OC35 1.50 
OC36 1.50 
OC41 0.80 
OC42 0.75 
OC43 2.25 
OC44 0.80 · 
OC45 0.55 · 
OC71 0.55 
OC12 0.55 ) 
OC73 1.00 .. 
OC74 0.65 
OC75 0.65 
OC76 US 
OC77 1.20 
OCSI 0.65 
OCSIZ 1.20 
OC82 · 0.65 
OC83 . 0.65 
OC84 0.65 
OC122 1.50 
OCI23 1.75 
OCI39 2.25 
OCI40 2.75 
OCI41 3.25 
OCI70 1.00 
OC171 1.00 
OC200 ' 1.50 · 
OC201 1.75 

UF41 
UF42 
UFSOt 
UF85t 
UF89t 
UL41 
UL84t 
UMBO 
UY4lt 

'UY85t 
VLS631 8.22 
XGl·2500 25.25 
XG2·6400 72.30 
XGS-500 16.80 
XGQ2·6400 

78.60 
XRI -1600A 

21.40 
XRI -3200 

104.:;4 
XR1·3200A 

57.25 
XRI-6400 65.80 
XRI -8400A 

122.34 
YD1120 206.(1;) 
YD1240 206.00 
Z759 9.60 

· t~03L' 7~-
-'ZMIOOO 4.60 

ZMIOOI 5.38 
ZMI020 8.55 
ZMI021 7.96 
ZMI022 8.23 
ZM1023 7.66 
ZMI040 11.57 
ZMI041 9.67 
Z1Vll042 11.08 
ZX1051 87.GJ 
IB3GTt 0.65 
1824 10.00 
IB35A 17.00 
1863 45.00 
IR5t 0.55* 
!SSt 0.40* 
IT4t 0.40* 
2AS15 10.00 
2C39At 9.00 
2C43 18.00 
2D2l t 0.80 
2E26 5.00 
2J42 60.00 
2J55 175.00 
2J70A 235.00 
2J708 250.00 
2K25t 10.00 
3-400Z 3<;.00 
3-500Z 35.00 
3A5 1.35 
3824 5.00 
3828t 4.50 
3829 10.00 
3B-240M 15.00 
38241M 15.00 
3C23 10.00 
3C45t 8.50 
3CXIOOA5 2o.oo 
3E29t 8.50 
3S4t 0.75* 

7470 
7472 
7473 
7474 
7475 
7476 
7480 
7482 
7483 
7484 
7486 
7490 
7491 
7492 
7493 

0.35 
0.33 
0.36 
0.40 
O.M 
0.40 
0.55 
8.75 
0.90 
1.00 -
0.35 
0.52 
0.80 
0.60 
0.60 

0.30 
1.20 
0.20 

0.41* 
0.44* 

0.45 
0.48 
0.69 
q,73 
0.63 
0.70 
0.67 
0.56 

\ OC204 
OC205 
OC206 
OC207 
OCP71 
ORPIZ 
R2008B 
R2009 
R2010B 
TIC44 
TIC226D 
TIL209 
TIP29A 
TIP30A 
TIP31A 
TIP32A 
TIP33A 
TIP34A' 
TIP41A 
TIP42A 
TIP2955 
TIP3055 
TIS43 
ZSI40 
ZS170 
Z5178 
ZS271 
Z5278 
ZTX107 
ZTXI08 
ZTX109 
ZTX300 
ZTX301 
ZTX302 

.ZTX303 
ZTX304 
ZTX311 
ZTX314 

0.45* 
. 0.25* 

0.21* 
0.54* 

' ZTXSOO 
·ZTX501 

' 0.23* 
0.57* 
0.11* 
0.10* . 
0.12* 
0.12* 
0.13* 
0.15* 
0.17*· 
0.19* 
0.12* 
0.20* 
0.13* 
0.14* 

23.35 
lZ.OO 
36.00 
37.00 
25.36 
40.00 

4CX2508 17.50 
4CX350A 31.35 
4CX i50A 21.00 
4Xl50D 25.00 
58-254M 13.98 
5B·255M 13.98 
5C22 40.00 
5J-180E 614.79 
5R4GYt 1.10* 
5U4G 1.52* 
5U4GB 2.26* 
5V4Gt 0.65* 
5Y3GT 0.85* 
5Z3 1.50* 
5Z4G 1.12* 

. 5Z4GT 1.00* 
6-30L2 1.56* 
6AB4 0.75* 

::~~ ·~~ 
6AF4At 0.70* 

,6AG7 0.75* 
6AH6t 0.95* 
6AK5t 0.50* 
6AK6 0.95* 
6AL5t 0.40* 
6AM4 2.30* 
6AM5 3.85 

. 6AM6t 0.70* 
6AN5 2.50* 
6AN8At 0.70* 
6AQ5t 0.85* 
6ARq 0.70* 
6A56t 0.80* 
6AS7Gt 1.50* 
6AT6t 0.75* 
6AU5GT 4.26* 
6AU6t 0.55* 
6AV5GT 3.74* 
6AV6t 0.75* 
6AX5GT . 3.10* 
687 0.75 
688 0.75 
6BA6t 0.50 
6BA7 5.12 
68A8A 3.75 
6BC4 3.71 
6BE6t 0.48* 
6BH6t 1.20* 
6BJ6t 1.20* 
6BK4 4.21* 
6BL6 85.00 
6BL 7GT 3.66* 
6BM6 85.00 
6BN6 0.80* 
6BQ7A 1.55* 
6BR7 4.00* 
6BR8t 1.20* 
6857 4.00* 
6BW6 3.75* 
6BW7 1.40* 
6BX7GT 4.96* • 

74fi5 
7496 

: 7497 
74100 

. 74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 

0.72 
0.80 
3.00 
1.50 
0.45 
0.70 
0.50 
0.70 
1.75 
1.00 
1.50 
0.83 
0.40 
0.60 
1.00 
0.55 
0.55 
0.80 

of business: CWO. Postage and packing valves and semicond.uctors % 
VAT. Others 8%. P&P at 8 %. 
t Indicates cheap quality version o r s urplus , but also available by leading UK and USA manufacturers. Price ruling at time of 
despatch. · 
Account facilities available t o approved companies with minimum· otder charge £10. Carriage and packing £1 on credit orders. 

_ 0\ler 10,000 types of valves, tubes and semiconductors in sto~?k. Quotations for any types not listed. S .A.E. 

IN914 0.05 
IN916 0.07 
IN4001 0.06 
IN4002 0.06 
IN4003 0.07 
IN4004 0.07 
IN4005 0.08 
IN4006 0.08 
IN4007 0.09 
IN4009 0.06 
IN4148 0.06 
IN5400 0.13 
IN5401 0.13 
1544 0.04 
IS920 0.07 
15921 0.07 
2G301 1.00· 
2G302 1.00 
2G306 1.10 · 
2N404 1.00 
2N696 0.25 
2N697 0.25 
2N698 0.30 
2N705 1.20 
2N706 0.15 
2N708 0.20 
2N930 0.20 
2N1131 0.26 
2N1132 0.26 
2Nl302 0.35 
2Nl303 0.35 
2Nl304 0.45 
2Nl305 0.45 
2Nl306 0.50 
2Nl307 0.50 

· 2N 1308 0.55 . 

6C4t 0.55* 
6CB6A t (1.55* 
6CD6GA 4.90* 
6CG7 1.72* 
6CH6 4.42* 
6CL6t 0.75* 
6CW4 7.24* 
6D2t 0.40* 
6DK6 2.49* 
6DQ6B · 3.90* 
6EA8 2.21* 
6EB8 2.12* 
6EW6 1.50* 
6F6 1.75* 
6F23 1.60* 

. 6F28 1.16* 
6F33 13.35 
6Hl 11.75 
6H2N 1.05* 
6H3N 1.00* 
6H6 1.50* 
6.J4t 1.20* 
6.J6t 0.55 
6.J7 0.80* 
6K4N 1.25* 
6K6GT 1.30* 
6K7 1.50* . 
6K8 1.75* , 
6KD6 4.79* 
6L6G 2.50* 
6L6GA 1.50* 
6L6GT 0.85* 
6L6GC 1.95* 
6L7 2.00* 
6N2P 1.05* 
6N3P 1.05* 
6N7 1.05* 
6P25 3.80* 
6Q7 2.20* 
6R7 1.80* 
65A7 1.45* 
6SC7 1.50* 
65F7 1.60* . 
65H7 1.50* 
6SJ7 1.60* 
65K7 1.30* 
6SL7GTt 0.70* 
6SN7GTt 0.70* 
6SQ7 1.30* 
65R7 1.50* 
6557 1.80* 
6U5G , 2.00* 
6U8t 0.55* 
6U8At 0.55* 
6V6GTt 0.65* 
6X4t 0.60* 
6X5GTt 0.60* 
787 1.70* 
7C5 1.75* 
7C6 1.25* 
7H7 2.00* 
7R7 1.50* 
757 2.25* 
7Y4 1.60* 
7Z4 1.85* 
11E3 42.89 
l2AT6 1.20* 
l2A T7 t 0.50* 

·74132 ·- ··ojo 
74136 0.55 
74141 0.80 
74142 2.30 
74143 2.50 
74144 2.50 
74145 0.90 
74147 2.00 
74148 1.75 
74150 1.60 
74151 0.85 
74 154 1.75 ' 
74155 0.65 
74156 0.85 
74157 0.75 ' 
74159 2.10 ' 
74170 2.30 
74172 4.40 

2Nl613 
2Nl671 

'2Nl893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 
2N2223 
2N2368 
2N2369A 
2N2484 
2N2646 
2N2904 
2N2905 
2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N30:>i 
2N3055 
2N3440 
2N3441 
2N3442 
2N3525 
2N3614 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 

12AU7t 
12AV6 
12AV7 
12AX7t 
12AY7t 
12B4At 
12BA6 
12BE6 
12BH7t 
128Y7t 
12El 
12EI4 
12EIITT 
13El 
19H4 
19H5 
2489 
30Cl5 
30Cl7 
30Cl8 
30F5 
30FLI / 2 
30FL12 
30FL14 
30L! 
30Ll5 
30Ll7 
30P4 
30Pl9 
30PLI 
30PL13 
30PL14 

. 30PL15 
35W4 
50C5 
7581 
75CI 
85Al 
85A2 
90AC 
90AV 
90Cl 
90CG 
90CV 
92A.G 
92AV 
95Al 
15082 
150B3 
150C2 
!50C4 
211 
723AB+ 
803 
805 
807t 
811At 
812A 
813t 
833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 
4212E 

74173 
74174 
74175 
74 176 
74178 
74179 
74180 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
76013N 

0.25 
1.541 
0.25 
1.75 
1.65 
0.25 
0.24 
0.18 
0.18 
0.18 
2.75 
0.17 
0.21 
0.20 
0.55 
0.25 
0.25 
0.21 
0.21 

0.21* 
0.22* , 

· o.14* 
0.25 
0.50 
0.70 
0.60 . 
0.80 
1.10 
0.80 
1.50 

0.11* 
0.13* 
0.13*. 
0.13* 
0.13• 
0.13* .. · 
0.10* 
0.13* 
0.10* 

54.09 
43.55 
20.96 
22.50 
30.50 
1.56* 
1.56* 
1.44* 
1.60• 
1.12* 
1.72* 
1.44* 
0.84* 
1.72* 
1.72• 
0,92• 
1.12* 
1.32* 
1.72• 
1.68• 
1.72* 
0.60* 1 

0.70* · 
3.30 
1.70 
7.50 
1.65 
7.96 
7.96 
1.70 

13.68 
13.30 
7.26 
7.16 
4.60 
2.15 
3.90 
1.50 
2.30 
5.00 
8.00 

10.00 
20.00 

1.20 
3.80 
8.35 

10.00 
30.00 

8.85 
13.75 
4.36 

12.24 
2.25 
1.70 
2.50 

118.95 

1.50 
0.90 

. 1.10 
1.25 
1.25 
1.15 
1.50 
1.50 
1.35 
1.35 
1.25 
1.00 
1.20 
1.10 
2.25 
2.25 -

1.75* 

T_elephone 01-677 2424/7 
Te lf!,X 946708 
E&O.E. 

2N3771 
2N3772 
2N3773 

' 2N3819 
2N3820 
2N3823 
2N3866 
2N3904 
2N3905 
2N3906 
2N4058 
2N4059 
2N4060 
2N4061 
2N4062 
2N4124 
2N4126 
2N4286 
2N4288 
2N4289 
2N5457 
2N5458 
2N5459 
25017 
25019 
25026 
25103 
25302 
25303 
25322 
25324 
25701 
25703 
25721 
25745A 
2S746A 

1.7$ 
2.00 . 
3.00 

0.36* 
0.45* 
0.55* ·. 
0.72 

0.13* 
0.13* . 
0.13* 
0.14* 
0.10* 
0.12* 
0.12* 
0.13* . 
0.15* 
0.15* l 

0.20*. 
0.22* 

. 8.24*' 
0.35* 
0.35* 
0.35* 

8.50 . 
&.50· 

12.11!1 . 
1.50 
0.75 
0.75. 
0.80'· 

• 1.25 
1.50 
1.50 
3.00 
6.35 
0.35 

4212H 147.74 
:>544 M.OO 
5:;45 59.00 
5551A 69.75 
5552A 94.30 
5553A 225.30 . 
5642 5.26* 
5654 3.61* ' 
5651 180* 
5670 2.86* 
5675 9.09* 
5687 4.30* 
5696 1.94* 
5718 6.40* 
5725 3.40* 
5726 3.52 
5727 4.80 
5749 4.90* 
5751 4.86* 
5763 3.12* 
5814A 2.60* 
5840 4.40* 
5842 6.90* 
5876A 9.38* 
5879 4.84* 
5886 10.50 
5963 1.87* 
5965 2.36* 
6005 3.65* 
602\ 4.46 
6057 6.23 
6058 9.04 
6059 4.00 
6061 4.25 
6062 3.75 
6063 3.65 . 
6064 5.88 
6067 6.60 
6072 5.62 
6080 6.85* 
6097AX8XC 

40.00 
5.12* 
5.58* 

6146A 
61468 
6159 
6189 
6201 
6442 
68838 
6973 
7025t 
7551 
7586 
7587 
7609 
7868 
7895 
8005 
8068 
8122 
8136 
8417 
18042 
18045 

6.00 
6.08 
5.12 

15.00. 
5.92 

3.52* 
1.20* 
5.94. 

11.38* 
19.60* 
31.80 
3.94* 

12.90* 
30.00 
5.50, 

42.00 
2.44• ' 
5.34 
5.43. 
6.17 

T AA570 2.30* 
TAA630S 3.50* 
TAA700 3.91 
TBA480Q 1.84* · 
TBA520Q 2.30* 
TBA530 1.98* 
T8AMOQ 2.30* 
TBA550Q 3.22* 
TBA560CQ 

3.22* 
TBA673 2.19* 
TBA 700 1.52* . 
T8A 720Q 2.30• 
TBA750Q 2.07* 
TBA800 1.20 
T8A920 2.9t 
TBA920Q 2.99 
TBA990Q 2.99* , 
TCA270Q 2.99* . 
TCA 760~ l.38* · 
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DISPLAYED APPOINT~ENTS VA CANT: £8.50 per single col. centimetre (min. 3cm). Advertisements accepted 
up to 12 noon Friday, 
March 23 for May issue, 
subject to space being avail
able. 

LINE advertisements (run on): £1.20 per line, minimum three lines. · 
BOX NUMBERS: 60p extra. (Replies should be addressed to the Box Number in the· 
advertisement. c / o Wireless '?'orld, D~rset House, Stamford Street, London SE 1 9LU.) 
PHONE: Barry Leary on 01-261 8508 . · · . ·. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A. T. ... 

RADIO 
TECHNICIANS 

At the Government Communications Head
quarters we carry out research and development in 
radio communications and their security . including 
related computer applications. Practically every type of 
system is under investigation. including long-range radio. 
satellite. microwave and telephony. 

Your job as a Radio Technician will concern you in developing, 
constructing. installing. commissioning, testing. and maintaining 
our equipment . In performing these tasks you w ill become familiar 
with a wide range of processing equipment in the aud io to microwave ; 
range. involving modern logic techniques . microprocessors . and 
computer systems . . Such work will take you to the frontiers of technology 
on a broad front and widen your area of expertise - positive career 
assets whatever the future brings. 

T'raining is comprehensive special courses. both in-house and . with 
manufacturers. will develop particular aspects of your knowledge and 
you will be encouraged to take advantage of appropriate day release 
facilities. 

You could travel - we are based in Cheltenham but we have other 
centres in the UK. most of which. like Cheltenham are situated in 
environmentally attractive locations. All our centres require resident 
Radio Technicians and can call for others to make working visits . There 

·will also be some opportunities for short trips abroad, or for longer 
.e_e!iods of service over_seas 

If you have enthusiasm and want to be versatile then we could 
give you variety and excitement in a fast expanding company 
operating broadcast TV equipment . 

This is the sort of 

ENGINEER 
we are looking for . 

We operate anq maintain 2" quad V. T. R. 's, flying spot telecine, 
film recording units. helical scan equipment and 16mm optical 
sound recorders. 
If you have experience in one of these and an interest in the 
others, then you might fill the bill in our happy team. 
Qualifications- ONC or equivalent preferably, knowledge of TV 
systems useful. 

.Salary - ACTT ITCA agreement £4.205-£5.460 according to 
experience . 

Write or telephone : Fred Weinel, Colour Video Services, 
22-25 Portman Close, Baker Street, London, W.1. 01-486 
2881. 

(9024) 

WORK IN 
COMMUNICATIONS 
R&D AND ADD TO 
YOUR SKilLS 

You should be at least 19 years of age, hold, or expect to obtain 
shortly. the City and Guilds Telecommunications Technician Certificate 
Part 1 (Intermediate), or its equivalent, and have a sound knowledge of 
the pnnc1ples of telecommunications and radio, together with ex· 
penence of. mamtenance and the use of test equipment. If you are or 
have been m HM Forces your Service trade may allow us to dis;.>ense 
w1th the need for formal qu::_:. a:.l:..:.if:_::ic::::a.:,:ti.:,:o.:,:n~s;.,. -----~~----:--:-~-

You itart o-n £2 92 7 at 19. up to £3 700 if you are 2 5 or over , rising to 
£4252, and promotion will put you on the road to posts carrymg _ 
substantially more . There are also opportunities for overtime and on-call 
work paying good rates . 

Get full details from our Recruitment Officer, Robby Robinson, 
on Cheltenham (0242) 21491, Ext. 2269, or write to him at ' 
GCHQ, Oakley, Pri~>rs Road, Cheltenham, Glos. GL52 SAJ. If you 
seem suitable. we'll invite you to interview in Cheltenham - at our 
,expense. of course . 

(8508) 

Radio Communications 
Electronics Engineers and 

Software Designers 
Mid-Sussex-:- S.W. London ~alaries up to £7,000 

To join our expanding R&D Laboratories covering a wide range of A. 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. 
:;>ottware Designers .should be experienced Programmers with an 
Interest in control, signal processing or navigational software. 

Attractive -salaries -are compfemtmted -bY"excellent prospects and 
generous benefits. 

Contact : The Personnel Manager, Redifon Telecommunications 
Limited, Broom hill Road, Wandsworth, London S. W .18. Phone: 
01-874 7281 (reverse charges). (9033) 



Appointments 134 

ELECTRONIC ENGINEERS 
SMITHS INDUSTRIES LIMITED AVIATION DIVISION have openings in 

their Research & Engineering Department which will appeal to 
Engineers who seek a challenging and rewarding vocation. 

If ','OU are interested in any of the following fields:-

*DIGITAL HARDWARE/ *ANALOGUE HARDWARE 
SOFTWARE *CONTROLSYSTEMS 
(RE~L-TIME COMPUTING) (ANALYSTS&DESIGNERS-

*COMPONENT 
APPROVAL 

FIXED AND ROTARY 
WING AIRCRAFT) 

wehave vacancies at various levels in these Design Branches:-

e FLIGHT DECK 
INSTRUMENTS 

• TEST EQUIPMENT• 

e ELECTRONIC 
DISPLAYS 

eMICRO ELECTRONICS 

e WEAPON SYSTEMS 
(AVIONIC & NAVAL) 

e FLIGHT CONTROL 
SYSTEMS 

e FLIGHT CONTROL 
RESEARCH 

e ENGINEERING 
STANDARDS 

• COMPONENTS 
ENGINEERING (GYROS & 
ACCELEROMETERS) 

Applicants should have preferably a Degree with a minimum of two years 
experience although, relevant experience or other qualifications in lieu 
would be considered. 

Write to 
H.Upson, 

SMITHS INDUSTRIES LIMITED 

AVIATION DIVISION 
Bishops Cleeve, Cheltenham, Glos. GL52 4SF. 
or use our ANSAFONE facility:- (0242-67-5359) 

Broadcasting Engineer 
enjoy the benefits of working at the 

fore of broadcasting technology 
We require an Engineer, male or female, qualified to HNC or equivalent level. 
with at least three years' experience in a broadcasting discipline to maintain the 
advanced electronic equipment at our main transmitting stations and relay stations 
bringing Independent Television and Independent Local Radio into millions of 
homes. 
The successful applicant will become a member of a team based at our Black 
Mountain Transmitting Station, Hannahstown, Dunmurry. Northern Ireland and 
will be required to travel throughout Northern Ireland. A current driving licence 
is required. The post will involve some week-end working. Equipment 
familiarisation training will be provided. 
The salary will·be on a scale up to £5,688 per annum, with provision for move
ment on to a higher scale rising to £6,399 per annum. These rates are inclusive of 
a productivity supplement. 
Relocation expenses will be paid where applicable. 

INDEPENDE~T 

BROADCAST!:-;(; 
AUTHORITY 

Act now! Write or telephone for an application form quoting Ref. No. WW/35ER 
to:- Mr. M. Wright, Personnel Officer- Engineering Regions~ Independent 
Broadcasting Authority, Crawley Court, ·wiNCHESTER, Hants. 5021 2QA. 
Telephone No: Winchester 822574. 
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Electronics 
Technician 
£40 17-£4917 pa inc. 

to provide technical assistance to staff 
and students in the Polytechnic's projects 
laboratory. based at Enfield . 

Ma jor responsibil it ies will include the 
development of the Microprocessor Un1t , 
the design and construction of matching 
circuits for transducers and data logging 
equipment, and construction of working 
syste!"'s incoprorat1ng microprocessors 

Knowledge of workshop practice is 
essent ial. together with a good 
electronics qualification or sound 
industrial and manufacturing experience 
in al lied f ie lds . 

Write quoting ref 4.160 for further 
details and an application form, 
posting first-class to: Appointments 
Officer, Middlesex Polytechnic, 
Bounds Green Road, London Ntt 
2NQ. Closing date 2 April. 

(9057) 

Middlesex 
~-!olytechnic 

UNIVERSITY OF LEICESTER 

Electronics 
Technician 

There is a vacancy in the Electronics 
Workshop of the Joint Biological Sciences 
Medical Sciences Workshops for a Tech· 
nician to work on the design . develop· 
ment. construction and repair of scientitic 
electronic equipment used in teach1ng and 
research . Fault-finding and repair work 
will form a significant part of the job and 
experience in this type of work would be 
useful. Applicants must be qualified to 
ONC standard or equ ivalent . The post 
carries good conditions of serv1ce. in . 
eluding four weeks ' annual holiday 
Salary on an incremental scale for Techni · 
cians Grade 5 £3 186 to £3720 p .a . 
(under review) 
Applications in writing should be for- · 
warded to the Administrative Officer, 
School of Biological Sciences, Univer
sity of Liecester, University Road, 
Leicester LEt 7RH. 

MAINTENANCE 
ENGINEER 

A Maintenance Engineer is .required 
for the repair and testing of a range 
of professional audio and lighting 
control equipment 

Applicants should have sound 
knowledge of modern analogue and 
digital techniques and. ideally. 
possess a current driving licence. 
Salary will be negotiable around 
£4.000 p.a. 

Apply with full details of 
qualifications to Box No. 8956 
{London area). 

(8956) 

UNIVERSITY OF(O.NDON 
KING'S COLLEGE 

ELECTRONICS 
TECHNICIAN 

GRADES 
Required for the Departmen t of Chern· 
ist ry . In addition to the construction of 
specialised equipment the applicant 
would be expected to assist in the 
mamtenance of laboratory instruments. a 
knowledge of wh ich is desirable . Salary on 
scale £3651 per annum . rising to £4 , 185 
per annum inclusive (under review) . Good 
conditions, four weeks ' ann'ual holiday . 
Contributory pension scheme . Apply in 
w ri ting wittl ful l details to : The Head 
Clerk (Ref. 210235/WW), King ' s 
College, London, Strand WC2R 2LS. 

(90 26 ) 
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TEST EQUIPMENT ENGINEERS 

Come and join Rediffusion and help us design a brand new range of 
test equipment for production testing our future colour receivers. Our 
present equipment is a combination · of sophisticated manual and 
automatic test consoles employing both analogue and digital circuitry. 
We are currently loQking at the application of microprocessors to the 
testing of television modules and are confident that our future 
equipment will take advantage of these latest techniques. 

Applications are invited from well qualified and experienced test equipment engineers to join our energetic young team 
at Chessington, Surrey, working in a congenial and stimulating environment. We have vacancies at both senior and 
intermediate levels, offering excellent salaries and opportunities for career advancement in this exciting field. 

Since enginee~s are expected to see their projects through to completion, some travelling to our factories in the North 
East is expected to assist on installation and commissioning and to give back-up service where necessary. 

Additionally, an intermediate engineer is required to be based at Bishop Auckland in our Engineering Department on the 
main factory sitE:. This position involves some design and development work interspaced with the planned maintenance 
of complex production test equipment. 

If you are interested in these challenging positions and would like more details or wish to discuss the matter in depth, 
please write to or telephone: 

Mr H. Brearley, 

REDIFFUSION Rediffusion Consumer Electronics Limited. 
Fullers Way Sth., Chessington, Surrey KT9 1 HJ 
Telephone : 01-397 5411 

WE HAVE AN OPEN DOOR 
FORAN OPEN 
Test Engineers 
Open minds and creative thinking have 
made Linotype-Paul the market leader in 
the field of sophisticated phototypesetting 
equipment for the world's graphics 
industries 
We are leaders not by accident but by 
design and in order to maintain our 
position and our record growth pattern 
we now have excellent openings for 
electronics engineers at all levels. 
If yau have an electronic engineering 
background coupled with at least 2 years 
practical experience and/or a formal 
qualification we'd like to meet you. 
Anyone with experience in the following, 
would also be welcome. Prototype · 
Wirers , A.TE. Engineers, Electronic and 
Mechanical Inspectors. Skilled Fitters, 
P.C.B. Draughtsmen/women, Programmers, 
Electronic and Mechanical Development . 
Engineers. 

Ring Cheltenham 41441 , 
reversing charges, or write to 
Patrick Cooper, Personnel Officer. 
Linotype-Paul Ltd., Chelham House, 
Bath Road. Cheltenham. • • • Linotype-Paul. ,.,. 
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Radio Technology 
and the Future, .. 

TELECOMMUNICATIONS OPPORTUNITIES 
In the Home Office Directorate of Radio Tech
nology you will be responsible for the study of 
radio propagation matters over the whole of the 
radio frequency spectrum above 1 0 kHz and for 
the forward planning, management and 
regulation of frequency ba'nds allocated to the 
broadcasting , fixed . maritime and land mobile. 
and space services . 

Candidates (aged at least 25) must hiiVe ONC in 
Engineering (with a pass in Electrical En
gineering ·A') .or in Applied Physics, or hold an 
equivalent qualification. In addition, they must 
have had at least 7 years' experience of skilled 
work on radio , radar or other electronic work . 

The work will also involv,e preparing specifica
tions and giving type-approval of equipment for 
fixed and mobile services; applying computer 
techniques to fre·quency assignment problems, 
developing equipment for the location and 
suppression of radio interference, and giving 
technical advice on all aspects of licensing radio 
services and in connection with the internatio
nal radio monitoring service. 

Salary in London starts at £5230 and rises to 
£571 0; £250 less at Stanmore. Good promo
tion prospects . Non-contributory pension 
scheme. 

The vacancies are in Central London and 
Stanmore. Middlesex. 

Forfurther details and an application form (to' 
be returned by 5 April, 1979) write to Civil 
Service Commission, Alencon Link, Basing
stoke, Hants RG21 1JB, or telephone Basing
stoke (0256) 68551 (answering service 
operates outside office hours). Please quote 
ref: T /5096/4. 

HOME 
OFFICE 

Design/Development Engineers 
'' c£6,000 p.a. Croydon 

Aeronautical and General Instruments Ltd. is an expanding public company 
well respected internationally for the design, development .and manufacture .. 
of aerial reconnaissance equipment, marine instrumentation and · 
telecommunications. . . . . · . . .. 

·Two ElectronicsEngineersare needed to spearhead design and development 
work on an exciting new product area in the telecommunications field. They 
would be involved in both software and hardware. aspects of microprocessor 
design and in data transmission technology. Some foreign travel would be 
involved. . · 
Applicants sho~ld have at least two years design experience. preferably in · 
logic design. They could therefore be in their 20's, and should be qualified to 
HNC or degree level. 
Th~se are key appointments providing both an interesting challenge and 
excellent career opportunities. 
Please send brief career details to: 

· ,-. h··: ··Roger Hindle Limited 
34 Queens Gate Place Mews London SW7 580. 

. ' (907.5) 
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THE OPEN 

UNIVERSITY 

Faculties of Science and 
Technology 

Electronics Designer 
Sc1ence and Technol9y·. Elertron1cs Common 
Fac ll1ues hnve a VCICanr.y for cw El ectron ics 
Des1gner The successf ul app lican t wd l f1ll the post 
as the mam electron icS des•9ner 10 a small teAm 
back1 ng up both scte nce and technology based 
rese'arch and ho me expefiment k1t development 

The work ts va rre<1 and covers vrrtually th e w hole 
r.:~nge of e lectrOniCS Design ex penence IS esse nt1a l 
etS 15 an 1nnovat•vc nature . 

Th e sa lary rang e (w hich IS unde r re v •ew) tS 

~ 4 245-~4 . 7 8 2 Terms and condruons arc uood 
Housrng IS readily av;"~dnble w1th1n the c1;y o f 
Mdton Keynes set tn the no rth Buck1nghamshtm 
countrySille 

App l1r:at ron forms an d fu rthe r pnrt1culc·tr~ arc 
;tvaHable from the Recruitment O ff 1ce tMH494 
21 The Open Un1versrty P 0 Box 75 . Walton 
Hall M dton· K eyne~ M K 7 6AL or telepho ne 
Milton Keyn es 6 3405 1herc IS a :1 4 hour an 

. S >~-lenng sciv1ce on 63 8 6 8 

Clos1 ng date· for appi H"<.H I ~ns 26th M arch 

(9021 ) 

UN IVERSITY OF LONDON 
GOLDSMITH ' COLLEGE 

New Cross. london SE14 6NW 

TECHNICIAN 
Required in the Psychology Laboratory to 
start as soon as possible. Applicants should 
have qualifications and I or experience in one 
of the following :-

(a) Main tenance of electron ic equipment 
(e .g . CC T'-' and general audio-visual 
equipment) . 

(b) Construc t ion and maintenance of 
general laboratory equipment i n 
volving general workshop procedures . 

The appointment will be on either Grade 3 . 4 
or 5 depending upon qual i ficatio ns and 
experience, with salary on one of the fol
lowing scales :-

Grad·e 3 - £2 .697 x 5 increments to 
£3 .0B4 per annum 

Grade 4 - £2 ,976 x 5 increments . to 
£3.426 per annum 

·Grade 5 - £3 .210 x 5 increme nts to 
· £3 ,7'47 per annum 

plus £465 London Allowance 

' Write for further partic-ulars. to the Personnel 
Off icer, to whom applications should be sent 
by 30 th April. 1979 . 

(9059) 

. MARINE 
ELECTRONICS 

We need an eng·ineer familiar with 
Radar. MF / HF synthesised SSB / 
VHF Autopilots, etc . to service an.d 
install anywhere, but must be based 
in London. 

· lf ·you are able to be your own· boss . 
apply giving details of experience 
.salary required . 
We are also prepareq to offer an · 
engineering partnership arrange- · 
ment, if you are ·the right man. 

· TELESONIC MARINE lTb. 
· 243 Eu'ston Road 

London N.W.1. · 
(8959) 

e DESIGN I DEY 
· e TEST 

e FIELD SERVICE 

High Salaries- Most Areas 
Phone 01· 7314353 : + . Personnei 

1~ 9951 
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Senior • ng1neer 
.Service Continuity Section 

An unusual vacancy exists for an engineer 
to lead a small multi-disciplinary team 
researching in to operational procedures which 
will enhance continuity and security of the radio 
and television services transmitted by the · 
Authority_. 

The increasing incidence over recent years 
of electronic hijacking of broadcast transmitters 
.has led to the decision to form a special group to 
analyse past eVents. and postulate theories 
explaining the modus operandi of the 
miscreants. The team will also be expected to 
formuhhe appropriate alterations in the design 
of transmitting stations and the 42 new Regional 
Operation Centres where the quality and · 
authenticity of all JBA broadcasts is monitored. 

The successful applicant will have 
extensive knowledge of ~he latest broadcast 

technology and the ability to appreciate the 
bizarre nature of the problem. He or she may 
have been involved in the planning or execution 
of a past event and will be familiar with satellite 
and digital systems, though experience of 
teletext techniques would be considered. 

Working conditions are second to none in 
our well equipped laboratories arid the group 
will be given the opportunity to take over as 
much working space as required. The fresh 
approach which the post entails necessarily 
confines applications to those not already in the' 
employ of the Authority in any technical 
capacity . 

If you would like further details and an application 
form, please write or telephone, quoting reference KS/ AT to: 
Senior Personnel Officer, 

Y~. 

. '. '.:~ . 

-

INDEPENDENT . 
BROADCASTING 

· AUTHORITY . Independent Broadcasting Authority, Crawley Court, Winchester, 
Hampshire, S021 2QA. Telephone: Winchester 822270. . .·. · 

WY-E COLLEGE 
(Univeraity of london) 

·WORKSHOP 
. TECHNICIAN 

(E.l'EC'TRONICS) 
App.lications are i~vited for the above post 
in the Department of Agriculture En
gineering Workshop i~ wh1ch electron1_c 
instrumentaticrn IS w1dely used. Appli
cants should probably have an ONC/ ONO 
in Technology or Engineert!'l!} wtth some 
practical experience of analogue to d1g1tal 
converters . Applicants w1th C1ty and 
Guilds Certificate 231 will also be consid
ered. Salary scales: Grade 1 £2,193-
£2.499 p.a:; Grade 2 £2,364-£2,880 
p.a.; Grade .3 £2,688 -£3 .060 p.a . (all 
under review) according to age and . 
qualifications . Appltcat•on forms and 
further particulars available from Person
nel Officer, Wye College, A•hford, 
Kent. Tel. No. 812401, Ext. 228. 
Applications should be rece1ved as s0on as 
possible. (9027) 

(9080) 

S~nior Electronics Service Engineer 
A SENIOR MAINTENANCE ENGINEER IS 
REQUIRED FOR THE REPAIR AND 
CALIBRATION OF PROFESSIONAL 
EQUIPMENT USED IN THE EXECUTION 
OF RESEARCH PROGRAMMES AT THE 
lABORATORY. 

This involves the maintenance of oscilloscopes, 
pulse generators, counters, digital voltmeter, 
precision high power magnet control.ler and 

Research 
Laboratories 

analysers of various kinds . Experience. in fault . 
finding on some of the equipment is necessary. 

It is hoped to gradually extend the maintenance 
capability to include ':'icroprocessors, · 
computers and associated peripherals. 

Please send for an application form to M. L. 
Malpass, Personnel Manager, Philips Research · 
Laboratories, Cross Oak Lane, Redhill, Surrey, 
quoting reference 113. · 

PHI LIPS ~-
(9090). 
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ATE 
·A closely 
-guarded secret? 

/:_ tt'1 ;..;t~fihat au1om$tic test and inspection is revolutionizing the electronics ' . 

, ~-Autotest systems, with an inter!lational reputation f~r ~oth ve~tility and 
· reliability, are used for varied applications, from testrng telev1s1on.PCB s to fault 
location on avionic systems. At the sharp end of our Autotest f>usmess the 
continued expansion of our customer support facilities in St. Albans offers ttte 

.·following opportunities:-

Product Training Officer . 
Responsible for the arrangement and presentation of ~raining courses both at 

· St. AlbaJ:ts and at customer premises in the programmmg and use of Autotest. 

Cu-.lr Services Engineer 
To joir') ·a team who write high ·level language user ~rogram~es forour?ustomers 
both at the commissioning stages and as an on-gomg serv1ce after deltvery of 
systems.. · . . . . 

Candidates should have digital, analogue or measurement expen~~ce and 
whilst qualifications may be significant, emphasis will be pla~ed on ab1ht~ .. 

· B'oth the above posts carry attractive salaries together w1th opportuntt1es for 
greate·r involvement in the commercial field._Conditi~ns of employment are 

· exc.eHenUncluding productivity bonus, pens1onand s1ck pay schemesanp we can 
· ·. off>erp~fcms relocation expenses where ap~r?priate. 
-.,::., • f!"O:rfvrther information of these opportun1t1es, _perhaps others that may 

'" ·'~· it1~$t:~u. p.lease telephone John Prodger. or wnte t<? the 

.. Marconi 
Instruments 

Recruitment Manager, 
Marconi Instruments Ltd., 
Free post. 
St Albans, Herts. 
Telephone St Albans 59292 

A G.E.C. MARCONI ELECTRONICS COMPANY (9041) 

i~~~i.-.., .-,v~iiiJi·N..,., .•IV•IJ,..R•S'IIIili.' TY ... ~.-~~~~~~~I!ili;· .. : .. fV.,E .. R-P_O_O_L_, 

READY, STEADY, GROW! ,DEPARTMENT OF .PHYSICS 

~L~CTRONICS TECHNICIAN 
to as.sist : W'ith developing and con

. Sti'blC'Iing dig:itaf and analogue elec
tronic equipment . Applicants must 
possess ONC, C & G or equivalent 
qualification a·n'tt have some ex
perience . Good opportunity to learn 
aboul mioo-p~s(O(S· .. Salary Within 

· a ' tange up fa £;J7.20 p .a. (under 
f~'l'l) :, . '.• .• . ' 

1\ppt.ica'tiari fo~Wt.~: ,~&~ b~ obtained 
from The 8eg1strar, the Un1vers1ty, · 
P.O. BOX 147 , t.iverpool, L69 3BX. 
Quote Ref: RVi508/WW. i9D69J 

Join a firm that's doubled its profits for each of the last three yea_rs and 
grow with Rofin. High ·interest jobs for : 

ELECTRONICS SERVICE ENGINEER 
ELECTRONICS TEST ENGINEER 
ELECTRONICS TEST TECHNICIAN 
INSTRUMENT TECHNICIAN .. 

WITH PRECISION, MECHANICAL 
AND OPTICAL EXPERIENCE 

telephone or ~ite to Bill . Marmsworth, Rofin Ltd., Winslade 
House, Egham Hill, Egham, Surrey. Tel. Egham 7541. (9097) 
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APPOINTMENTS 
IN \ 

ELECTRONICS 
£5-£10,000 
Take your piCk of the 
permanent posts 111: 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

I t\1 lit't' t'\Pt'l1 Jth lt't' .ll lt1 

11 11111t'tl1J lt' .lei lOll 011 sala ry ,lllti 

,·,11eer 1111provement. 'phone or 
wr1te to. Mike GernatBSc 

CJechnomark 
Engineering and Technical Recruitment 

11 Westbourne Grove 
London W2. 01·229 9239 

requires a 

Junior Technician B 
Preferably under 23 ·years for the servicing 
and maintenance of electronic eqwpment 
and to act as standby cyclotron operator, 
involving occasional shift duties. An ONC or 
equivalent qualifications in a relevant sub
ject required. Some servicing expenence 
preferable. Salary according to age and 
experience in the range.Qf £2523 to £3369 
(inclusive of London We1ghtmg). Day release 
facilities available. Also a 

Junior Technician A 
Aged 16 and over, to assist in electronics 
team . Experience not essenttal. Day release 
facilities available. Four GCE '0' levels 
required. Salary according to age and 
experience in the range £2259 to £3258 
(inclusive of London ·We1ght1ng). For further 
information and apphcat1on form, please 
contact Miss A. Pires at the Cyclotron Unit. 

Hammersmith Hospitlll 
Ducane Road 

London W12 ()HS 
Telephone No. 01-743 4594 · 

Ext.103 (9101) 

Radar 1 Radio Engineer 

required for maintenance of Airport ·. 
ground radars 10 em. and 3 em .. 
navigational aids and communica
tions equiipment. Technical qualifica- · 
tions desirable and it is essential that 
applicants have considerable ex
perience and are capable of working 
without close supervision. Salary, 
including shift pay, weekend enhan
cement and pay supplement. approx. 
£4050 to £5142, plus some over
time. Written applications, giving 
age, experience and qualifications, to 
the Airport. Director, Southend 
Airport, Southend-on-Sea, Essex. 

CHELSEA COLLEGE 
Univer.it'y of Lo~don . · 

(9067) 

ELECTRONICS TECHNICIAN 
ENGINEERS/TECHN~CIANS 

required for interesting .work" in Electronics 
Workshop servmg Electronics and Phys1cs 
research and teaching. Work includes pro
totype instrument design. de'v(llopment and 
construction. and the servicing of electronic 
equipment . We have two vacancies, one at 
grade 5, salary £3651 to £4185 per annum. 
·and the other at grade 3, salary £31 53 to 
£3525 per annum. Both salaries are inclus
ive but are under review. Generous holidays 

Day release for further stud.y may be 
arranged at grade 3. Details and appl1cat10n 
form from Mr. M. E Cane (3/5EW). De· 
partment of Electronics. Chelsea College, 
Pulton Place, London , SW6 5PR . 

' !JO i 01 
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{1.1} PIONEE It~ 

An extensive expansion _programme to diversify our after sales service activity has created 
additional vacancies at our servic·e centre in lver. 

BENCH SERVICE 
TECHNICIANS 

We require service personnel to join a friendly team of Technicians in our modern well equipped 
·service department and laboratory to assist in repair and maintenance of sophisticated Audio and 
In-Car stereo equipment of our world renowned brand. 

Applicants should hold C & G Radio and TV, 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. 

Salary in the area of £3,500 to £4,500 per annum, according to experience. 

If you think that you can help us in our expansion programme then contact us now and find out more 
about our generous staff benefits, We offer excellent working conditions, training progr?mmes and 
day release to advance your career and knowledge in the field of high fidelity. 

Luncheon Vouchers. Pension Scheme. 

Apply in writing to: Mr. A. H. K. Littlemore, Pioneer High Fidelity (G.B.) Ltd., The Ridgeway, 
'lver, Bucks., or telephone lver (0753} 652222 I 7. 

SYSTEMS 
ENGINEERS 

Simulators are today's most adva·nced 
training systems and by incorporating 
tomorrow's technology into an already 
highly sophisticated product we have 
created an exciting and challenging en
vironment 

To meet this challenge we would like to hear 
from men and women who are qualified to 
H N l) 1 degree level · and have relevant ex
perience in Systems Simulation or Systems 
engineering, utilising Assembler language 
- a knowledge of high level languages 
would be useful 

Should you believe your experience or 
qualifications are in line with our require
ments and would like additional information 
please contact: John Perry on Crawley 
28811 up to 5.30 p.m. or Crawley 35279 
after 5.30 and listen to our Ansafone 
message. 

PROJECTION ENGINEER 
Required to service our projection and sound 
equipment. Applicants should either be 
qualified projectionists or have a basic 
knowledge of this type of equipment . Male 
and female applicants please contact the 
Personnel Manager. 

Rank Film Laboratones 
North Orbital Road 

Denham 
Uxbridge 

Tel. Denham 2323 

(9043) 

Celestlon· 

Situated in a pleasani part oi East Anglia, are in the forefront of loudspeaker design and 
manufacture. Expansion policies have created the following opportunities for self-motivated people 
prepared to join an established team 

SENIOR JIG & TOOL DESIGN DRAUGHTSMANI 
WOMAN 

to design press tools, jigs, fixtures and special purpose_ machines. We require several years' 
experience in . jig and tool des1gn, plus an ONC or eqUivalent qualification. A knowledge of 
pneumatics would be an advantage. 

PLANNING ENGINEER 
to contribute to planning m·. new products from development through to final manufacture, 
detailing processes, spec1fymg equopment and toolmg reqUirements, and assostmg w1th 
factory layout. Applicants would be expected to have expenence m engoneenng and a!>sembly 
methods in medium batch production, and be qual1f1ed to at least ONC standarq . Expenence of 
CPA rechniques would be helpful. 

DRAUGHTSMANIWOMAN 
10 join Design and Development team. initially to carry out. routine drawings and 
modifications, but with capabd1ty to progress to. des1gn work. Apphcants should be m their 
early 20 's, and have a m1n1mum of two years experience m l1ght ·or electro mechan•cal 
engineering. and hold a City and Oudds Techn1c1an s Cerlif>cate or eqUJvj!,lent qual1f•cat1on 

The Company offers compet1t1ve salanes, a contributory pens•on scheme w1th free life assurance. 
an,_4 t?.;PPropriate re-looatJon expenses . . .·. ., : . 
For an application form please apply to:-The Personnel Officer, Rota C.el.,st•pn Ltd .• D1non 
Works, Foxhall Road. Ipswich. Suffolk IP3 8JP. Telephone No. lps~ich' '7~~31. (

9066
) 

(9030) 

Brompton-Hospital 

Junior Medical 
Electronics Technician 

Required to undertake work involving 
maintaining, installing and developing 
Medical Electronics equipment. Applicants 
should have a good general knowledge of 
electronics and be qualified to ONC (Elec
trical and efectronic engineeri"g standard or 
equivalent). Previous hospital experience 
not essential. 

Salary will be on scale £3423-£4498 

Further information available from the 
Physic ist in Charge Mr. R. 8. Logan-Sinclair~ 
Tel 01-352 8121 Ext. 4252. · 

Application form and job description from 
M •ss J. A. Jenks, Personnel Manager. 
Brompton Hospital. Fulham Road, London 
SW3 6HP. Telephone as above Ext. 435 7 

(9042) 

SERVICE ENGINEER 
required for the repair and 
maintenance of electr6-
mechanical coin machines. Basic 
knowledge of wiring diagrams 
and small mechanical parts help
ful but training will be given . 
Must have a clean driving 
licence. Salary around £70 per 
week. 

J.C.W. (AUTOMATICS) LTI:J. 
, 83 Lavender Hill 
Battersea, S. W .11 

Tel: 228 4359 ,ga~9' 
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TEST 
ENGINEER 

Up to £6000 p.a. 

140 

We are one of the world's leading producers of 
sophisticated environmental te'st equipment, with 
over twenty years' experience in high performance 
electro-hydraulic test machines and vibration sys
tems. 

Excellent career opportunities exist for engineers with 
HNC or equivalent in Electronics or Radio and TV ~nd 
an interest in mechanics, to undertake bench testmg 
of printed circuit assemblies, with subsequent i~
volvement in the testing of complete systems. Appli
cants should have experience in fault-finding to 
component level. 

Apply in writing, or 
telephone 
Servotest Ltd. 
Sarsfield Road 
Greenford 
Middx UB6 7 AA 
Tel: 01-998 1552 (Mrs. T. Malin) 

SERVOTEST 

(9056) 

GRANADA TELEVISION LIMITED 

YOUNG ELECTRONIC 
ENGINEERS 
(Male or female 
We are looking for Electronic Engineers to fill a number of 
interesting jobs in the technical operations department at 
our Manchester studios . 

The duties cover the operation and maintenance of all our 
electronic equipment including TV cameras, video 
recorders, film scanners and distribution and display 
equipment. The kind of people we need will probably hold 
a formal qualification in electronics engineering, but more 
inportant, will have a good understanding of basic 
electronics including digital techniques and the 
engineering principle of colour television. They must be fit 
with normal colour vision and prepared to work irregular 
hours including weekends. People with no previous 
broadcasting experience will be appointed at £3.775 per 
annum on a scale rising to £5,g39 by annyal increments. 

Experienced staff will be appointed at the appropriate 
point of this scale. Four weeks' annual leave plus pension 
and free life assurance . · 

Write with full details of education, qualifications and 
experience, stating age to : 

Robert Connell 
Granada Television Limited 
Quay Street 

. MANCHESTER M60 9EA 
190351 
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Sony Broadcast Limited 
are engaged in marketing SONY professional broadcast 
equipment throughout Europe, Africa and the Middle 
East: 
We have now an opening for a 

. Senior Lecturer 
to assist the Technical Training Manager in providing 
expertise and support for our products, with a special 
emphasis on conducting training courses for customers 
and participating in the planning of further expansion of 
this important function. 
Candidates should have a wide experience in video tape 
recording, in the theoretical analysis of digital circuitry 
and analogue/digital signal processing, and a sound 
knowledge of the broadcasting industry in its most 
modern applications. They must have the ability to 
present ideas clearly to a wide range of students and 
answer the most difficult questions. 
The above senior position is permanent at the Company's 
modern offices in Basingstoke's new business area. A 
certain amount of travel through the whole marketing 
area and to the Headquarters of Sony Corporation 
could be involved. 
We will provide whatever additional training is necessary 
to familiarise the successful candidate with our modern 
and sophisticated equipment. 
A highly competitive and attractive salary is offered to 
the right person, together with the usual benefits of a 
large multi-national Company. . 
Please write in confidence, giving career history and 
essential details to : . 

Personnel Manager 

Sony Broadcast Ltd. 
C1ty Wall House SONY 

Broadcast Basmg V1ew. Basmgstoke 
Hampsh1re UK RG21 2LA 

\X7 
BRUKER 
LX-) 

(9034) 

ENGINEERS/ 
SC-IENTISTS 

Our United Kingdom subsidiary is expanding and we need engineers/ 
scientists to join our back-up team . 

The high-technology scientific instruments which form our product range 
are at the' forefront of their design and require a first-class understanding 
of state-of-the-art electronic techniques, coupled with a high degree of 
initiative in tackling unusual problems. 

The job requires the ability to trouble-shoot on site down to component 
level; after an initial period, to carry out full system installation, 
commissioning and operatortraining; and to liaise at a professional level 
with both the scientific user and the system designer. 

The ideal applicant will be self-motivated and well presented, as befits the 
Company's professional image. A keen interest in all aspects of elec: 
tronics, a preparedness to travel extensively in the United Kingdom 
(foreign travel also possible) and the capability of working away from base 
without supervision are also essential. A minimum qualification of HNC 
(electronics) is required and some design experience would obviously be 
an advantage. Some knowledge of the German language, although not 
essential, would help. 

This is a challenging opportunity for those prepared to work hard, and will 
be rewarded by way of basic salary plus incentive. 

Interested? Then please write giving full details of qualifications, career to 
date, personal data, etc .,, to : 

( , 
R. F. Ladbury 

BRUKER SPECTROSPIN LIMITED 
Unit 3, 209 Torrington Avenue, Coventry CV4 9HN 
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LABORATORY 
TECHNICIANS 

Vacancies exist within the BBC's Equipment 
Department based at Chiswick for both Senior 
Laboratory Technicians and Laboratory . 
Technicians. 
Duties inc.lude the testing of newly ma~ufactured 
~roadc~stmgequipment and the worl~ ts . 
mterestmg ~n~ varied, covering techmqu~s m . 
sound, televtston and radio frequency engmeenng. 
For the Senior Laboratory Technician posts 
appli~ants should possess 3 years' rel~vant 
expenence together with HNC and City and 
Guilds F.T. C. in either Telecommunications or 
Electronics. f'~e current salary range is £4195 to 
£5715 but thts ts under review. , 
For the Laboratory Technician posts applicants 
should hav~ 1 year's relevant experience together 
with ONC and Final City and Guilds in either 
Telecommunications or Electronics. The current 
salary range is £3805 to £4605 but this is under 
review. 
Accessibility is reasonable due to the proximity of 
the M4 and Gunners bury station. Staff restaurant 
fac ilities are available and conditions of service 
are competitive. 
Reque~ts for application forms to Engineering 
Recruitment Officer, BBC, Broadcasting H ou se, 
London WlA lAA, quoting reference no. 
79.£.4017 !W W . 

*£8,000* 
FOR YOUR 

SONY U-MATIC 
EXPERIENCE ..... 
And that's not all - this could be the offer you 
just can't refuse! 
Joining this leading international company, 
you would be responsible for the service and 
repair of Sony U-matic VTR and television 
equ ipment - incorporating NTSC and PAL 
colour systems - pl us Convergence Editing 
Units and professional audio systems. In 
addition, the opportunity may arise to work on 
advanced cameras and there is the possibility 
of some overseas travel. 
Based in West London close to road and rail 
links, working conditions are excellent with 
sophisticated modern workshop facilities and 
pleasant surroundings. 
In addition to the attractive salary, there is an 
excellent B U PA membership scheme. 
For further details please contact Mike Gernat 
quoting ref: MB2. 

~) 1£fl!J!?f!!fl!l< .. 
J! · ' 

5 -11 Westbourne Grove.' London W2 
Telephone 01 -2i!9•9239 

(90 17) 
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LINK 

TELEV.ISION 
WEARE 

WE MAKE 

WE NEED 

WE OFFER: 

SALARY 

BENEFITS 

LOCATION 

HOUSING 

TO APPLY: 

Link Electronics Ltd ., a successful ex
panding company with room for in
dividual ability to make itself felt. 

A full range of TV studio broadcast 
equipment, including colour cameras. 

DEVELOPMENT ENGINEERS at senior 
and jun ior levels, to put good theoretical 
knowledge into practice in circuit design 
of all types of broadcast equipment, 
employing the latest techniques. You 
must have 2-3 years ' relevant ex
perience in industry, preferably obtained 
in a TV or similar environment. 

SENIOR TEST ENGINEER to undertake 
test and commission of advanced and 
complex TV cameras and associated 
equipment. Tliis appointment is at a 
senior level and so direct experience of 
similar equipment is a must . 

Above average, according to ability and 
not a rigid grade structure. -

Generous holidays, free life and health 
insurance, pension scheme, staff restau
rant, relocation expenses. 

A modern factory in a very pleasant part 
of Hampsh ire with no traffic problems 
and easy access to London,. the South 
Coast and many major towns. 

A wide choice. Prices from about £1 5K 
upwards if you want to buy. 

Either phone Jean Smith at Andover 
(0264) 61345 and ask for an application 
form or write with enough information to 
make form unnecessary . 

LINK North Wr:Jy . An d tlVCf 

Hampsh ~rc . Eng land r clcph1>r1 e Andover _(0264) 61345 

ELECTRONICS 
(9022) 
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Our client is a prominent electronics company, enjoying a period of sustained growth and 
success in their field. 
T~ meet increasing commitments they currently need to recuit experienced engineers, 

qualified to HNC or C. & G. Full Tech. Cert. to assume the responsibility of leading teams 
involved in the repair and calibration of proprietary test equipment. 

The work is carried out in a spacious, custom-built, clean air, temperature controlled 
laboratory, using a wide range of digital and analogue test equipment covering audio to 
microwave frequencies. 

Career progression prospects are excellent, and in addition to the salary, these positions also 
command a comprehensive range of fringe benefits. · 

Applicants, male/female, should write with full personal and career details to: Position Number 
STA 7192, Austin Knight Limited, London, WlA IDS. 

Applications are forwarded to the client concerned, therefore companies in which you are 
not interested should be listed in a covering letter to the Position Number Supervisor. 

~!'S) ADVERTISING 

UNIVERSITY OF KEELE 
DEPARTMENT OF PHYSICS 

TECHNICIANS 
with experience in either Electronics 
or Physics required for teaching and 
research laboratories. Posts at Grade 
5 and Grade 28 are available for 
which the salary scales are £3186-
£3720 and £2529-£2880 (under 
review) per annum respectively . 

Application forms and further particu
lars available from the Professor of 
Physics. The University, Keele, Staffs . 
ST5 5 BG, to whom applications 
should be returned by 6th April. 
1979 

(9065) 

TOPJOBSIN 
ELECTRONICS 

Posts in Computers. Medical. 
Comms. etc . ONC to Ph .D. Free 
service. 

Phone or write BUREAUTECH 
AGY, 46 SELVAGE LANE, 
LONDON, NW7. 01-959 
3517. 

(8994) 

RADIO TELEPHONE SERVICE 
ENGINEER requued in Croydon. 
Proven ability to repair equipment 
more important than formal quali
fications. Salary commiserate with 
ability. Contact LONDON CAR 
TELEPHONES on 01-680 1010. l8822 

11
11111 I I I I I I II I 111111111111 I I I I 11111111 II I I I I I I I I I I I 11111111111111111111 1 

I We need another 
1 

Nene College Northampton 

Technician/Engineer 

' 

To join the \fTR team at our Elstree studio centre. NW 
of london. 

As a major television company we make extensive 
use of video-tape recording for programmes shown 
throughout the UK and across the wor~d. The \fTR . 
section is very active, and works to a h1gh standard: 1t 
is large enough to provide technical interes! and 
scope (a major re-equipment programme. 1s . 
pending). but is still informal enough for sat1sfy1ng 
involvement. 

Ideally, we need someone (male or female) with 
experience of \fTR equipment. but we'd be willing to 
considerpeoplewithvideoexperience in other areas 
of broadcast or CC1V engineering. 

The money is good-up to £5719 to start (depending 
on experience and qualifications) with automatic 
progression to £6839p.a. and further service 
increments to £7378p.a. (ACTT Agreement). 

Application forms from: 

111
1111\\\\\l\lllllll\1111 

School of Technology 

(1) Applications are invited for the post of 

Lecturer, Grade 1 
:in Electrical Engineering 

1Candidates should have recent industrial experience and be of 
graduate or Chartered Engineer status. In addition to lecturing in 
electrical and electronic principles, it is expected that the successful 
candidate will be able to assist in the teaching of microelectronics. 

Salary scale: £3192-£5334 (under review) with additions for 
qualifications and experience. 

(2) Applications are ~nvited for the temporary post of 

Lecturer, Grade 11 
in Electrical Engineering 
Candidates should be graduates or Chartered Engineers-Vvith recent l 
industrial experience. The successful applicant will be able to lecture 
in one of the fields of Industrial Control. Power or Electronics. 

The· Post is tenable for one academic year from September 1979. 

Salary Scale: £41 01-£6558 (under review) point of entry depending 
on previous experience. 

Application fonns and further particulars are available fro~ the. 
Senior Administration Officer, Nene College, Moulton Park, 
Northampton NN2 7AL. 

(9092) 

' 
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LABORATORY 
TECHNICIANS 
BBC ~r:gin~ering Design~ Department requires 
tec~mc1ans !n Central London laboratories to assist 
eng~neers with the development, construction and 
testmg of sound and television broadcasting equipment. 
Vacan~ies exist both for people with experience of this 
type of wor.k and for trainees. Excellent opportunities 
for promotiOn. 

LABORATORY TECHNICIANS 
Successful candidates will probably be in their 20's 
and have a keen interest in, and a minimum of two 
years' practical experie!'lce of electronics. They will 
have at least \)NC or City_& quilds Part 2 or equivalent. 
Salary accordmg to qualifications and experience in 
the range £3805-£4195 rising to £5095. 

JUNIOR LABORATORY TECHNICIANS 
Successful c~ndidat~s will probably be aged 18-20 and 
have a keen mterest m electronics. They will either be 
recently qualified to ONC or City & Guilds Part 2 (T4) 
standard or h~ve started the final year of such a course. 
Salary accordmg to qualifications in the range £3465-
£3735. On the job training given. 
Reque~ts for appl_ication forms to The Engineering 
Recruitment Officer, BBC, Broadcasting House 
London WlA lAA. Quoting Reference Number ' 
79.E.2065/WW and enclosing a self addressed envelope 
at least 9" x 4;' or telephone 01-580 4468. Ext.2675. 
Closing date for completed application forms is 14 days 
after publication. 

liJ[JJ(B 
9039 

require a young 

Graduate Engineer 
to join an established Electronics Laboratory situated at the Company's 
Headquarters at Stourton, Leeds 10. 
The Laboratory is involved in the design, development and maintenance 
of mdustnal control and non-destructive testing systems, including eddy 
current, ultrasonic and strain measurement techniques. 
There is a need to strengthen the Laboratory team to meet present and 
future needs. · 
The s~ccessfu_l candidate will be a graduate engineer with some 
expenence of mdustrial electrical/ electronic control work. 
The Company offers fully competitive conditions of employment; an 
attr_active progressive salary range; 23 days' annual holiday plus 8 public 
holidays, Pens1on and Profit-sharing Schemes . 
Applications, giving full details of age, qualifications and experience and 
present salary should be addressed to : 

The Senior Appointments Officer, Central Personnel Services, 
Yorkshire Imperial Metals Limited, P.O. Box 166, Leeds LS1 1 RD. 

an IMI company~ 

Appointments 

Professional Careers 
in Electronics 

All the others are measured by us ... 
~t Marc:oni lns~ruments we ensure that the very best of 
1nnovat1ve des1gn is used on our range of 
communic~tions t~st instruments and A.T.E. We have a 
number of 1nterest1ng opportunities in our Design 
Produ<?tion an~ Service Departments and we ca~ offer 
attract1ve salanes, productivity bonus,. pension and sick 
pay sche~es together with help over relocation. 
If you are Interested to hear more please fill in the 
following details:- ' 

r---------~ I Name Age 1 
1 Address I 
I I 
I I 
I Telephone Work/Home (if convenient) I 
I I 
1 Years of experience. 0-1 1 -3 3-6· Over 6 I 
1 o o o o I 
1 Present salary £2,500- £3,500- £4,500- over I 
1 3,5oo 4,5oo 5,5oo £5,5oo I 
I 0 0 D D I 
I Qualifications None C & G HNC Degree I 
I o o o o I 
: Present job I 

. I 
I . I 

L---------------~ Return this coupon to John Prodger Marconi 
Instruments Limited, FREEPOST, st: Albans, Herts 
AL4 OBR. Tel: St Albans 59292 ' 

Marconi 
Instruments A GEC MARCONI ELECTRONICS COMPANY 

(9002) 
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SERVICE ENGIN_EERS 
EARN UP TO £7,000 p.a. 
PLUS EXCITING VARIETY OF WORK 

Electronic Brokers Limited are Europe's leading sup
pliers of refurbished test and computer equipment. 
Due _to our continued expansion programme we have 
immediate vacancies for the following experienced 
personnel within our organisation which is situated 
within easy reach of King's Cross and St. Pancras 
stations. 

SERVICE ENGINEERS 
Capable of repairing and recalibrating a wide variety of test 
equipment by well-known manufacturers, with the oppor
tunity to progress on to digital equipment i .e. VDUs , 

printers, etc. Salary up to £5,500 p.a. basic plus bonus, 
LVs and overtime. 

PDP11 ENGINEERS 
Able to reconfigure computer systems . Salary negotiable 
depending on experience. Plus bonus, LVs and overtime . 

TELETYPE ENGINEERS 
For complete refurbishing of teletypes. Opportunity to 
progress on to other computer peripherals. Salary circa 

£5,000 p.a . basic plus bonus, LVs and overtime . 

ELECTRONIC BROKERS LIMITED 
Phone Mike Jones on 01-837 7781 or write to him at 
Electronic Brokers Limited, 49-53 Pancras Road, 

' London, NW1. 
, (9029) 

Foreign and Commonwealth Office 

Telecommunications 
Officers 
... in London and at Hanslope Park , M i'lton Keynes, for work 
on the installation, modification , maintenance and operation of 
HF, VHF. UHF and microwave receivers , associated test 
equipment, recorders, telephone and teleprinter equipment, 
electronic ancillary apparatus (some using analogue and 
digital techniques), voice frequency telegra'ph and other 
specialised equipment . · 

Cafldidates must have served an apprenticeship or have 
-had equivalent training . They should normally have 3 years ' 
relevant experience; and hold ONC in Engineering (with pass 
in Electrical Engineering ·A') or Applied Physics or TEC/ 
SCOTEC in a relevant subject or equivalent qualification. 
Ex-Service people, who have had suitable training and at least 
3 years' appropriate service (as Staff Sergeant or equivalent) 
will also be considered. 

Salary, starting between £3285 and £4355 (according to 
age), rises to £4 705; London £524 more . Promotion pro
spects . Non-contributory pension scheme . 

For further details and an application form (to be returned 
by April 5, 1979) write to Civil Service Commission , Alencon 
Link, Basingstoke, Hants, RG21 1 JB, or telephone Basing
stoke (0256) 68551 (answering service o'perates outside 
office hours) . Please quote T I 5069. 

t90 73) 
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TEST ENGINEERS 
REQUIRED IN NEW ZEALAND 

Are you planning to emigrate to New Zealand and need 
work in the electronics industry on a rrival? 

AWA New Zealand Limited have a number of vacancies 
for test engineers working on a wide range of com
munications equipment in their modern plant near 
Wellington, New Zealand. 

The job entails production testing of H F SSB and VHF 
AM and FM products. 

Successful applicants will be joining a staff of 1 20 
people in a pleasant :environment dedicated to e)(cel
lence in building profe.ssional electronic equipment . 

Salary is negotiable and will depend on qualifications 
and experience. If you have experience in communica
tions electronics and need a change of scene write now 
detailing qualifications and work history to: 

Mr. R. V. Johansen, Production Manager 
AWA New Zealand Limited 

P.O. Box 50-248 
Porirua, New Zealand 

Electronics 
Engineer 

A 
Polvdor ~ 

(91 00) 

Polydor Limited. a member of the international 
Polygram Group of Companies, marketing records and 
tapes. has the above vacancy situated at their Head Office in 
the West End. 

We require a person with an excellent knowledge of 
advanced transistor and some digital techniques to work for 
our Recording Studio. 

Applicants. aged 24-30 should possess high qualifi
cations (for example a BSc degree). Some experience in the 
audio field is essential. 

We offer a good salary. IN's. 4 weeks annual holiday, 
contributory pension scheme and generous discount on 
Company products. 

Please telephone Brian McFall or Hazel Phillips, 
Personnel Department, Polydor Limited 

Tel: 01-499 8686. 

(90 72 ) 
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CHIEF 
ENGINEER 
Electro-mechanical 

Components 

Belling and Lee Limited require a Chief Engineer for their 
Components Division at Enfield, Middlesex. The Divisfon, 
which employs over 500 people, designs, manufactures and 
markets a wide range of professional connectors, circuit 
protection and signal distribution components. 

The Chief Engineer reports to the Divisional Director and 
is responsible for directing and motivating component design, 
development and production engineering teams towards 
providing new designs of electro-mechanical components 
produced by up-to-date cost effective manufacturing · 
processes and machines . 

Applicants (male or female) should be Chartered 
Engineers who can demonstrate a developing record of 
success in engineering management and have experience of 
design, production engineering and tooling for rT)etalwork , 
plastic moulding and assembly associated with small 
components produced by batch production methods . 

A very attractive salary and employee benefits are 
offered for this senior appointment. 

Applications which are confidential, should be addressed 
to: Mr. J. D. Bostock, Personnel Manager, Belling and Lee 

Ltd., Great Cambridge Road, Enfield, Middx. Phone: 01-363 5393 

(iii\ Belli·ng·Lee 
~ Better by design "''" 

lb'¥#/ir 
London Weekend Television 

have vacancies for experienced 

ELECTRONIC ENGINEERS 
to work in Electronic Maintenance and Telecine Areas at 
the South bank Studios . Salary range £4,008 to £5,777 
per annum. 

Please telephone 01 ,.2&1 3237 for an application 
form. 

ELECTRONICS TECHNICIAN tGrade 
5) required in Department of 
Psychology, University of Reading, 
to take charge . of the electronics 
workshop. The work involves both 
design and construction, and advice 
to staff and students on electronic 
problems, with considerable free
dom of choice in methods used. The 
departmental programme already 
depends heavily on advanced 

(9032) 

analogue and digital techniques. 
Minimum qualifications would be a 
recognised apprenticeship; at least 
7 years varied experience desirable. 
Salary in scale !3, 186 - 3, 720 p. a. 
(under review) . Apply with full 
details and names of 2 referees, 
quoting Ref. T.W.W. 06A, to_Assist
ant Bursar <Personnel), Umversny 
of Reading, Whiteknights, Reading, 
Berks, R~6 2AH. (9044 
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.----Zambia 
Your skills will be welcomed and well rewarded in our young but 

fast-developing nation. We need your help in realising the potential 
provided by our vast national resources. 

Ministry of Power, Transport and Communications 

Radio Engineers 
K2388- K4416 (c. £1528- £2826) 

~upplement up to £7026 (married), £3978 (single): 
Requirements: 

Either 5-year apprenticeship, service trade certificate, 
ICAO certificate or equivalent: knowledge of medium-powered 
HF transmitters, frequency key shifting, SSB and equipment, 
medium-frequency non-directional radio beacons plus low and high 
powered VHF, AM equipment: and knowledge of either (a) VHF, 
omni-range, automatic VHF, direction finders, distance measuring 
equipment, (b) instrument l~nding systems, (c) radar X-band terminal 
and PP1 talkdown equipment, (d) audio and remote control 

. equipment, public address equipment, airport magnetic type 
equipment, inter-office communications, underground control cables, 

· impulse and DC switching systems or (e) teleprinter telegraphy (torn 
tape) and associate page printers, tape recorders (auto heads), 
printing reperforators, semi-automatic message switching systems. 

Responsibilities: 

Installation/maintenance/overhaul of ground terminal radio 
communication equipment and navigational aids. 

Strong Financial Attractions 
As well as the salary quoted, you will enjoy TAX-FREE 

supplements, a TAX-FREE terminal gratuity, low-cost 
accommodation, low taxation and free passages. Together, these 
add up to exceptional,real earnings. Starting salaries relate to 
qualifications/ experience, while gratuities total 25% of basic salary. 
Salary-related supplements are reviewed annually and paid by the 
British Government to designated British nationals (annual maximum 
is shown), while appointment grants, education allowances, car 
loans, medical aid assistance and free holiday visits for children 
educated 
in Britain are also provided for those receiving supplements. N.S. 
Sterling equivalents given are approximations only due to constant 

exchange rate fluctuations. 
For further information please send full 

personal/professional details (with. out obligation 
and in total confidence), indicating which 
position interests you, to: Recruiting Officer, 
Zambia High Commission, . 
7-11 Cavendish Place, London W.1 . 

Help us to help ourselves 

THE POLYTECHNIC, HUDDERSFIELD 

Department of Music 

SENIOR TECHNICIAN TS £4,773-£5,073 Ref . NT.381 

Req~ired as soon. as possible a highly qualified technician ·(graduate or 
equivalent) with appropriate experience , to take technical charge of the 
Electronic Music Studio now being set up in the Department of Music. 

Application forms available from the Establishment Office , Polytechnic , 
Oueensgate, Huddersfield HD1 3DH . Telephone 22288 , Ext . 2225 . 

Application forms should be returned by 28th March , 1979 . 

. FREE JOBS LIST . 
for 

FIELD SERVICE ENGINEERS' 
BASIC SALARIES TO 
- £7,000 +CAR ~--

(8781) 
-- - - ~ 

30 Windmill Street, London, W1 
01 -637 5551 

(9028) 

BASINGSTOKE AND NORTH HAMP· 
SHIRE HEALTH DISTRICT. SENIOR 
ELECTRONICS TECHNICIAN, to 
install .and maintain electronic 
medical equipment in Ba-singstoke 
and Alton . . Qualifications: O.N.C., 
H.N.C. or equivalent. Salary: £3,744-
£4,788 p .a. Application forms and 
job descriptions available from the 
District Personnel Department, 
Basingstoke District Hospital, 
Aldermaston Road, Basingstoke, 
Hants . Tel: Basingstoke 29908/9. 
Quote reference no. WW12/09398. 
Closing date: 9th April , 1979. (9085 
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Eleclronic 
Desien Eneineers 
with experience in digital design, 
engineering or product support. · 

Reading, Berks. 
· Digital Equipment, the inventors of the mini-comp~ter 

and world leaders in this field, have built a highly success
ful division called Computer Special Systems. This is a 
group of experts who are dedicated to meeting the 
specific and one-off needs of our clients. 

The expansion of CSS has created a need for pro
fessional Engineers at all levels to take responsibility 
for either the engineering or technical support of the 
division's equipment. 

The need is for Engineers, qualified to Degree or HNC 
level, with at least 2 years experience (4 years+ for 
senior positions) in either digital design,engineering or 
product support, including responsibility for meeting 
schedules and technical targets. You should also be able 
to perform circuit and logic design and liaise with 
customers on technical matters.As a self-starter, you 

must be able to demonstrate your ability to achieve 
agreed objectives set to strict schedules. 

We are offering salaries in the range of £5,500-
£8,000 p.a. Fringe benefits are those to be expected 
from a major international company including relocation 
assistance to the ~eading area where appropriate. 
Future career prospects are outstanding for successful 
men or women. 

For more information, telephone or write to: John 
At.kins or Ray Renowden on Reading (0734) 85211 or 
write to Digital Equipment Company Ltd., Arkwright 
Road, Reading, Berks. Please quote ref 509. 

~o~oomo 
--------·-············ - . ' •· 11!11 

Iii -I Wfive always lool<ed for ; 
I Test Engineers who weren't afraid I 
I of New Ideas 1 
I ; 
A Pye Telecommunications have made many original contri- systems in Europe, we can offer you excellent working 1!11 
~ . butions to the technology of mobile radio; for instance, we conditions, well-equipped workshops with a broad range -
- were the first manufacturer to use printed circuit boards. of modern test gear, good career prospects and a stable W 
A But whatever we have achieved we have always backed it company structure where you will find security and job -
- with the specialist skills and abilities of our test engineers- satisfaction. Starting salaries are between £3800 and £4300 i 
Iii the men and women who put the final seal of approval onto depending on technical ability. · 
-.. all our equipment. The positions are based at Haverhill in Suffolk, where key- ~ 
- If you welcome the chaJienges offered by a wide variety worker housing may be available for those moving from W 

of produ~ts, many incorporating up-to-the- minute tech- other parts of the country. 
-.. nology, then you'll fit in at Pye. To join us you should have For further details please write or phone, reversing a 
- had sound experience of fault diagnosis, alignment and the charges where necessary, to Mrs. Catherine W 

testi•1g at PCB level, preferably on communication equip - Dawe, Senior Personnel Officer, I ment. Forces experience would be particularly suitable. Colne Valley Road, Haverhill, Suffolk. a 
- t\s the leading manufacturer of two-way UHF/VHF radio Tel: Haverhill4422. W 

I ; 
I Pye Telecommunications Lid "''" . I · 
- Colne Valley Road, Haverhill. Suffolk . ·(~; "\)~ ;· 11!11 . 

. i .ere,r;.;;;;;~. ·.:••••••••• ••••• ; 1. •••• •• ~.~.: · · 
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MICRO-PROCESSOR 
AND 

DIGITAL 
FAULT -FINDING 

Are you experienced in this field? 
Then we need you to service our 
audio visual systems at our 
European service centre in Wem
bley. We are growing fast so 
there are excellent promotion 
prospects with an attractive 
salary in flexible working condi
tions. 

For more details ring 
Mediatech, 903 7279. 

UNIVERSITY OF SHEFFIELD 

. ELECTRONICS 
.. TECHNICIAN · 

· (Gr..tel) 

•90 761 

Required to control a workshop serving the . 
Departmer:~ts of Biochemistry, Genetics and 
Microbiology. Duties will involv.e varied 
electronic and electrical work, including 
development, construction, testing and 
servicing and repair of scientific equipment. 

Applicants should have nine to ten years' 
relevant experience, and possess knowledge 
of modern sophisticated circuitry. H.N.C. or 
equivalent qualification is essential. 

Salary on scale £3654-£4365 p.a. (under 
revieW) B!Xordin~ to age and experience. 

Please write to the Administrative Officer 
(Personnel), (Ref. 51197/WW), The Uni
versity, Sheffield SlO 2TN. 

(9096) 

UNIVERSITY OF SOUTHAMPTON 

INSTRUMENT 
TECHNICIAN 

The Department of Chemistry has a vacancy 
for an lntrum·ent Technician to help maintain 
a varied range of scientific equipment and to 
develop specialised one-off devices in con
n8ction with research. 
Applicants should have an appropriate 
engineering qualification (at least ONC or 
equivalent) together with relevant ex
perience of electronics and the maintenance 
•Of electromechanical equipment A know· 
.ledge of optical equipment would be an 
advantage. 
The appointment will be made on the arade 
5 salary scale £3186-£3720 per annum 
(under review). 
Applications giving date of birth, details of 
qualifications and experience and the names 
and addresses of two referees should be sent 
to Mr . C. N . Saull, The University, 
Southampton 509 5NH, quoting reference 
number 521 /T !WIN. (9098) 

AGRICULTURAL RESEARCH COUN
CIL 

INSTITUTE OF ANIMAL PHYSIOLOGY 
&ABRAHAM, CAMBRIDGE CB2 4AT 

·ELECTRONICS 
CRAFTWORKER 

(up )o £67.75 a week for a -suitably ex
perienced pe~on over 21 years of age) to 
work in the Electronics Department on the 
construction and maintenance of electronic 
instrumentation for agricultural research. 
House to rent available. Pay £5g.25 for a 
40-hour week plus Flexibility Allowance of 
21.25p for each hour worked. Day release 
for Technical College in approved cases. 
Non-contributory superannuation scheme. 3 
weeks' paid holiday and 10V2 days public 
holidays a year. canteen. Apply with futl 
details· of experience to the Secretary of the 

· Institute by the 14th April, 1979, quoting 
ref. B.C.3. (9099) 

TelecommunicatiQns 
& Recording Specialists 

. . "' 
~ -

· There are opportuni_ties to put your specialist knowledge and training to the 
fullest poss1ble use m the followrng sectioos : · 

Equipment Control 
-New Scotland Yard and Thornton Heath 
. .. 10 lead teams of technicians engaged on installation, operation, · 
m~dification and maintenance of a wide range of equipment from mobile radio 
to 1~t~uder syst~ms an.d control centres. Sound theoretical knowledge and · · , 
suff1c1ent practical· aptitude to mamtam systems at peak efficiency ess.e,ntiitJ ~ •• ~ . . 
Ref. T/5057/1. · , · ·~.,. 

Tape Recording ..... S.E. London 
... work includes preparing for specialised tape recorders; copying and < ' 

processing tapes; giving evidence in Court about work carried out on tapes; 
occasionally analysing various phenomena on tape recordings. Candidates 
should have a thorough understanding of tape recorders and recording . '. 
techniques, have experience of work ·in professional broadcast studios ori audio 
and vrdeo recorders, and be fully conversant with checkmg tapes for qua~lty and 
defects. Ref.T/5057/1. 

1 
' 

VHF/UHF Commun·ications- S.E. London 
. . . to be concerned with the use and modification of VHF and UHF , 
communicati~ns equipment for specialised Police use, together with the 
prototype des1gn and development of electronic equipment. Candidates should 
have a good g~neral knowledge of VHF and UHF communications techniques 
and d1g1tal log~c systems, ~~?me l~boratory experience in the design and . 
development f1eld, and ab1hty to mnovate and develop ideas. Ref. T /505711. 

Intruder Alarm Systems - East Dulwich 
. . . wo~k includes surveying and planning alarm systems for use by Met. Police, 
managmg tests on alarm systems, and suggesting modifications to systems to 
redu~e false calls. Candidates should havea clear understandi.ng ofthe 
requirements for power supplies used in the alarm systems industry (active ain_d 
standby) . Ref.T/5057/1. · · 

Network Planning and Implementation 
- Central London 
.. ·.to join group responsible for the planning and implementation of Me~. 
Pol!ce.speech, tele·graph and data networks, and day-to-day organisation of Post 
Off1ce telecommunications services. Candidates should have had recent 
experience of P.O. procedures for the provision of PBXs and associated l'ine 
plant, and a working knowledge of telegraph and I or data transmission. Ref. 
T/5053/1. 

· All candidates (men and women aged at least 21) must have 0 NC in · 
Engi.n.eering (with a pass in Electrical Engineering· A') or appropriate c. + G. 
Certrf1cate or an equivalent or higher qualification. · 
Salary, starting between £3,750 and £4,820 (according to age). rises to 
£5,170 . Inner London salaries quoted; £190 less at Thornton Heath. 
Promotion prospects. Non-contributory pension scheme . 
Fo~ further ~etails ~nd an application form (to be returned by 1 7 April, 1 9 7 9). 
wnte to C1v1c Serv1ce Commission, Alencon Link, Basingstoke, Hants RG21 
1 JB~ or tel~phone Basingstoke (0256) 68551 (answering service operates 
outs1de off1ce hours). Please quote appropriate reference. 

A challenge to your skill
with the Metropolitan ~oliq ~ .•. :,. 

·· ·: J 

,, 
·.: 

PR·EC'IS·ION SHEET METAL work. 
chassis, panels, etc. , steel, stain~ 
less or aluminium, long/short runs, 
g:ood deliveries. EES Ltd .. Clifford· 
Rd. Monks Road, Exeter 56280 
364'89. - - (8060 

. DESIGN SERVICE. Electmnic De
sign Development and Production 
Service ava.Uable in Digital and 
Ana·logue Instruments, RF Trans
mi.Jttets and Receivers for c:o·ntroi o.f 
a1ny functi.on at any. range . Tele·
metery, Video Tran'.smitters and 
MonLtors, Moto.risoo Pan and Tilot 
Heads etc. Suppliers to the Industry 
for 16 years. Phone •or write Mr. 
Falkner, R.C.S. Elec.tronics, 6 Wo•l
sey · Road, Ashford, Middles·ex . 

DESIGN AND QEVELOPMENT, com
petent engineering effort available 
for all aspects of ele<,:tronic design . ~ 
Single circuits or compl~te systems, -
prototype to production run. E.I.A., 
80 Wheatland Lane, Wallasey, Mer- .,. 
sevside. 051-639 9).22. ( 8615 

Phone Ashford 5366i. 18341 . 
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ENGINEERS 
-For Systems Design of Advanced Products 
M.E.L., a division of Philips Electronic and Associ.ated Industries Ltd .. is an . 
established leader in the defenG:e electronics field. The Company has d . 

very wide product range and is rapidly expapding in d number of areas. 
We are looking for SYSTEMS ENGINEERS to ]Om our growmg Systems 
Department. The JOb will involve the evolution of new system concepts 
and system design of our new generation products_ It w1ll be necessary to 
keep abreast oftechnology and to be alive to the changmg reqmrements 

-of the market 
Much of the work will be done in collaboratiori with overseas companies 
or for overseas customers and international travel may be necessary. 
We should like to tRlk to engineers and scientists who wish to join this 

· stlmulating environment Suitable candidates will have a degree or 
equivalent qualification Rl'1d drive and initiative. as well as sound. 
professionCJ.l experience preferably. CJ. lthough not necessanly. m . 
Electronic Warfare or Communications H.M Service personnel with 
operational experience in these areas are also invited to apply. · · · 
This isan opportunity to joina department of growmg Importance and 
influence in the Company and we are able to -
offer salaries and conditions commensurate 
with this position. y;e are Rlso able to assist 
with our generous relocation package. . 
For further information please contact: 
Roy Broadhurst. Pe_rsonnel Department. 
M.E.L , Manor Royal. Crawley. Sussex 
RHlO 2PZ or telephone Criiwley 
28787 Extension 2·19 for 
an Application Form. 

MSF 60KHZ 
TIME RECEIVER, built-in antenna. 

£13.70 or with sequential year. month. 
date, day, hours. minutes. seconds. dis
play parts (no case or pcb) £24.40. 

SIG. GEN., 1OHz-200KHz, logic and vari ' 
able sine or square. £10.80. · 

V.-L.F.? 10-150 KHz Receiver £10 70 _ 
RADIO 4 GONE? 200 KHz to Medium 

Wave Convener £g. 70 
Each easy-assembly kit includes all patts, 
printed circuit, ·case. postage, etc., money 
back assurance to SEND o(f NOW. 

CAMBRIDGE KITS,45 (WR) Old School 
Lane. Milton. Cambridge. (

9083
) 

HUGE BA•GAIN PACK OF ELEC· 
TRONIC AND •ADIO GOODIES. Too 
many items to list. All brand new 
and usefuL No junk. Value at least 
£25. Only .£t including post and 
packing. C.W.O. (U.K. only). 
Refund if not delighted. A. Phil· 
pott, 171 Great Brays, Harlow, 
Essex CM18 6DT. (9068 

BRUEL Be K.JAER half inch 
capacitor microphone with power 
supply, £100 ono. Farnboro!!gh 
0252 47009. (9048 

ARTICLES FOR SALE . 

CLEARANCE SALE 
Chassis Amps, Amplifiers, complete 
with power supply, 
1 00 watts rms into 4 oh ms£30 +VAT 
1 20 watts rms into 4 ohms 

£35+VAT 
1 20 watt x 120 watt stereo . __ , , 

-- _-- _- . . - - .. - _ £65-fVAT 
V.W Leisure Electrc:tica 

36 Brindles, Canvey isianci, Essex 
(9095) 

T.V. TUBE REBUILDING; Comple·te 
plant, equipment, sup.plies and 
training. If you can affo-rd the 
best contact Western·Whybrow En
gineering. TeL 073 676 2265. (8048 

60KHz MS.F Rugby Receiver, BC'D 
TIME OF DAY OUTPUT. High per
for~ance, phase lock':d loo-p_. radio, 
rece1ver, 5V .. operatwn w1th 1 
second LED indication. Kit com
plete with. tuned ferrite rod aerial 
£14.08 (including postage and 
VAT). Assemble~ circuit and cased
up version also available. Send 
for details, Toolex, Sherborne 
(4359); Dorset. (8252 

,_ 

0'~ ('Q< 

~A,~~ THE VINTAGE <~c-, 
~o WIRELESS COMPANY "'G 

1920 to 1950 
Receivers. valves, components, service 
data. historical research, book-s. 
magazines. repairs and restorations. A 
complete service for the collector anrl 
enthu,siast of vintage radio 
S.A ( -_.;,tf., enquiry and for monthly 

. newsheet 
THE VINTAGE WIR~LESS COMPANY 

64 Sroad Street. Staple Hill. Bristol BSI& 
5NL 

Tel: Bristol565472 (8g66) 

SOLAR CELLS: bits, books ami 
bargains. Send stamp for list or 
95p for Solar Cell booklet and 
Data sheets. Edencombe Ltd' 34 
Nathans Road, North Wembley, 
Mi-ddlesex HAO 3RX. (8061 

· TEKTRONIX OSCILLOSCOPES type 
545A. Complete with handbooks ·and 
type CA DC/24 MHZ D/Trace verti· 
cal amplifiers. Exceptionally clean 
condition. Bargain price £220 inc. 
14 Braidley Road, Bouinmouth 
0202 291481. (9077 
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ARTICLES FOR SALE 

, RADIO _. 
AMATEUR·s 
HANDBOOK . 

1979 
byA.R.fU. PRICE:·£7.90 

New 56th Edition Completely Rev· 
ised 

WORLD 'RADIO:TV H/B~ 1879 . 
Price: £9.20' 

THE TTL DATA BOOK FOR 
DESIGN ENGINEERS 
by Texas . Pt_ice: £5.90 ' 
UNDERSTANDING DIGITAL 
ELECTRONICS . - . 
by Texas Price: £4.00 
SYSTEM DESIGN WITH 
MICROPROCESSORS 
by D. Zissos Price: £7.110 
THE COMPLETE MOTOROLA 
MICROCOMPUTER DATA 
LIBRARY 
by Motorola Price: £9.40 
TESTING METHODS Ia 
RELIABILITY ELECTRONICS 
by A. Simpson Price: £4.35 
DIGITAL PROCESSING OF 
SPEECH SIGNALS 
by L. R. Rabiner . Price: £18.00 
PROGRAMMING FOR 
MINICOMPUTERS 
by J. C. Cluley Price: £13.00 
SOME COMMON BASIC 

' PROGRAMS 
by L. Poole Price: £6.30 

*PRICES INCWDE POSTAGE* 

THE MODERN BOOK CO. 
Specialists in Scientific 

& Technical Books 
19-21 PRAE·D STREET 

LONDONW21NP -_ 
Phone 723 4185 

Closed sat 1 p.m. (.8974) 

TRANSFORMER 
PROBLEMS? 

1VA-1KVA Prototypes in 7-10 days. 
Phone Vince Sellar on 06076-
66716. 

TRENT TRANSFORMERS LTD 
Chapel Street 

Long Eaton, Nottm. 
(8363) 

HI•FIDELITY DE·SIGNS No. 1 (a 
Wireless World publication). We 
had announced that this publication 
was out of print but we now dis· 
cover that we have 350 copies in 
stock, Due to our announcement, 
many · readers were dis,appointed, 
but we are· now pleased to inform 
them that copies are av.ailable 
from The General Sales Manager, 
Room CP34, Dorset House, Starn· 
ford Street, Lon<to.n SEl 9LU. Please 
forward yoqr .order together. with 
your remittance of £1.5.0 (including 
P&P) ll)ade pay.;lble to IPC Busi
ness Press Ltd. (8652 

G.W.M. RADIO L TO.~ 40/42 Portland 
Road, Worthing, Sussex. TeL 34897. 
Pneumatic masts 40ft. By Scam 
Cla'rk. 300 watt radar calorimeters, 
noise generators, type CT410, Eddy
stone communication receivers 
730/4, v.g.c. £185.00 inc. Many bar
gains . for callers, surplus always 
wanted. 

1 
. • (8832 

TECHNALOGIC_S C~G6RF colour bar 
an<l pattern gener1ato·r. UHF Ae 
1/P, new colour powe;r battery de
sign, 8 descending PAL colour bars 
crosshatch, dots, etc., full kit incl. 
c~se, ·etc., £36. Built £54. PG6RF 
kit £21.50, built £28. Add-on colour 
bar unit C6 in kit £15.50, built £22 
plus £1 p&p, 8% -v.A.T, Mail order 
from Technal·o·gics, Dep.t WW, 8 
Egerton _ St., Liverpool L8 7LY. . 

t8951 
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THE SCIENTIFIC WIRE 
COMPANY 

.Ma.rineTransmitter· 
PO Box 30, London. E.4 

ENAMELLED COPPER WIRE 
SWG 11b, 8oz. 4oz. 2oz. 
1010 19 2 65 1 45 75 60 

. ?-0 10 29 2 85 1 65 90 70 . ~ ' . . .. ' ' 
30 10 34 3 05 1 75 1 00 75 

1.15 84 

·Development Engineer 
30 IO 40 340 1 .95 
J I to 43 4 55 2 55 1 95 I 30 
.1 4 to46 5 05 3 05 2 I 5 I 70 
4 7 8 00 5 00 3 00 1 80 
J 8 15 DO 9 00 6 00 3 30 

SILVER PLATED COPPER 
WIRE 

'I 50 2 25 1 44 90 

In Marine Div,ision we · are responsible for the design and development of 
advanced H F Communication systems for the Merchant Navy at both low and 
high powers using solid state techniques as well as valves. 
The two engineers we are seeking will have a professional qualification and 
some y~c:Hs . ~xperience of one of the following: Transmitter R F design, solid 
state dr1ves and frequency generation equipment in general. You should also 

14 & 16 
20 & n 5 00 2 8 S 1 74 1 06 

24 & 26 5 70 3 31 2 00 1 22 

28 & 30 6 67 3 86 2 35 1 44 

Pr1ces mclucte ·P&P and VAT 
SAE br 1ngs I 1st of copper & res • st~nce W1res 
Dealer Enqu1ries lnvJted (906~ ) 

INVERTERS 
·. have the ability to progress your design through the production phase. ·· . 

High quality DC-AC. Also "no 
break" (2ms) static switch, 
19" rack. Auto r.h:su.,•ll!r ~ Write or -phone for .an application form to Mr. G. Short, Marconi 

, . C~mmunication Systems ltd., New . Street. Chelmsford, Essex. 
Teleptlone Chelmsford 53221. 

. Technicians: An ... 
Instrumentation Challeng.e· with~ ._.·· 
· the Health & Safety Executive· 

These posts, at Cticklewood in London, are in the lnstru
. ment Maintenance Unit which undertakes acceptance testing 
. of new equipment, and provides a maintenance and repair 

service for an extensive range of portable measuring instru
ments and sampling equipment . This work is expanding to 
cover a variety of analytical equipment, and some instrument 
development. is und.ertaken . . 

The technician appointed to the senior post will be 
personally involved in the more demanding maintenance, 

-.calibration and testing 'work carried out on sophisticated 
.Instruments, often without the use of circuit diagrams or 
workmg ·plans. In addition, the successful candidate will 
supervise and train other members of the team, and participate 

· in the design of new calibration equipll}ent, the modification of 
existing instrl,Jments, and in generaldeveloprnent activitteS. 

. , The success·ful candidate for the second post will work on 
t~e routine maintenance. calibration and testing of instru

. ments. This wil'l involve constructing., setting up and checking 
· CC!libration testrigs,andthe diagQosis of instrument faults. 

. Candidates for eitherpost must hold ONC or equivalent in 
ari appropriate subjeCt, and have an aggregate of at least 4 
years' training (eg apprenticeships and I or full-time study) and 

.,experience; at least eight years required for the senior post. 
They must have sound theoretical knowledge and practical 
experience relevant to the work. 

. . . Salary for the senior post will start at £4600 and rise to 
· £5 _140. For the second post, salary starts between £3320 and 
£4045 according to age, and rises to £4600. Promotion 

prospects at both levels. Non-contributory pension scheme. 

For further details and an app·lication form (to be returned 
by 5 April, 1979) write to Civil Service Commission, Alencon 

·Link. Basingstoke, Hants RG21 1 J B, or telephone Basingstoke 
(0256) 68551 (answering service--o:f.erates outside office 
hours) , Please quote ref: T(15)64'8 .~: ~'?-. -· · - ;·t~~~:;r (g074) 

(g078) COMPUTER POWER 

lnterport Mains-Store Ltd. 
POB 51, London W11 3BZ 
Tel: Ol-727 7o42 .. or ii225'31o9f& 

(9101) 

ARTICLf-S FOR SALE _ 

SOWTER TRANSFORMERS 
· ·wiTH 37 YEARS' EXPERIENCE we have the expertise to design and manufacture 

ANY TYPE OF AUDIO TRANSFORMER AT THE RIGHT PRICE. . . 
Whilst we specialise in ever.v kind of transformer for audio control .desks and mixers demands 
are increasing for LOUDSPEAKER TRANSFORMERS and 100 VOLT LINE AUDIO 
OUTPUT TRANSFORMERS FOR MOST KINDS OF AMPLIFIERS FROM 3o' WATTS TO 
500 WATTS OR MORE. We can <ilso supply multi-output transformers for COLUMN 
LOUDSPEAKERS. A recent tendency is the demand for OUTPUT TRANSFORMERS FOR 
.ULTRA LINEAR AMPLIFIERS using KT 88 and KT 66 BEAM TETRODES and for these 
we have standard designs with except ional performance. 
We call your attention to our very successful MICROPHONE SPLITTER TRANSFORMER 
type-4079 with. a ·high impedance 200 ohm primary and two 200 ohm secondaries. It will 
handle up to 2.3 volts ~ms at 30Hz and has a frequency response of plus/minus Y2dB from 20 
Hz to 20kHz. It is contained in a Mumetal Can 33 mm diam x 37 mm high and WORKING 
DETAILS OF THE CONSTRUCTION OF A SPLITTER ARE AVAILABLE ON REQUEST , 
We will supply smgle transformers. or any · quantity, with short delivery times and. without 
obligation on your pan, will quote price and exact dispatch on receipt of your requirements. 
E. A. SOWTER LTD . .-, Manufactureni and Daaignan, P.O. Box 36 IPSWICH IP1 2EG, 
ENGLAND. TaL IPSWICH (0473) 52794and 219390. _ . 

. (8289) . 

TO MANUFACTU-RERS, WHOLESALERS & 
··· · ·. BULK BUYERS ONLY 

Large quantities of Radio. TV and Electronic Compinents~_-- · 
R
1 0

ESISTORS CARBON & C! F Ya, 1.4, Y2, Y3 . 1 Watt from 1 ohm to 
meg . 

RESI.STORS WIR~WO,UND. lY2, 2, 3·, 5, 10, 14,25 Watt 
CAPACI_TORS . . Silver mica,. Polystyrene, Polyester, Disc Ce~amics 
Metalamtte, C280, etc. ·, . · ·. . · _ · . - ' 

. Convergence Pots, Slider Pots, Electrolytic condensers, CanT~pes: 
Axtal, Radtal, etc. · · - . · · -
Transfarmers: chokes. hopts, tuners, speakers, cabies, sc~eened wires, 
connectmg w1res, screws, nuts, tranststors, ICs, Diodes. etc., etc. 
All at Knockout prices. Come and pay us a visit. Telephone 445 2713 
445 0749 . . . . ' 

BROADFIELDS 8r. MAYCO DISPOSALS 
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from TallyHo Corner 19062 

A.B.S. BOXES 105mm, 72mm, 40mm, 
grey or black, 82p including VAT 
while stocks last. Boughton and 
Yarrow,· 2 York Road, Kennington, ·· 
Ashford, Kent. TN2 49QQ._ (9060 

MUIRHEAD WEATHER satellite 
fa:csimil~ equipment comprising 
p900-S machine 240 r.p.m_ support
mg 2.4KHz electronics units and 
cable, £1_5~- . ~ Bolton 52384. (9087 

ALL SERVICE SHEETS/MANUALS. 
S.A.E. please. Main suppliers T.V. 
Repair Manuals etc. - AUSWW 76 
Churches, Larkhall, . Lanarks. (S081 

XTELS 1623, 1626. KH~ £5 per pair, 
1,000'!5 more s.a.e. list. Hoop a.ef'iaas 
£10. Throat mics · .£3 .' , .Relays 12v 
D-PGO £3. Baginton ·" tie.ctron'ics, 
Coventry Airpo.rt. · 1}203 302668. 

. . (9088 

READY BUILT UHF modulator by 
A2TEC . As used in most video 
games. Special price .£3 inc. 
Unalynn Limited, 52 Hillside Gar· 
dens, Edgware, Middx. 01-958 5600. 
Mail order only. · (9051 

KEYBOARDS, 64 character in case, 
£15, circuit boards, 5lb bundle for 
£3 many more ex-.computer bits, 
s.a.e. for details. C. · Clarke, 41 
Grove Avenue, Bristol BS9 2RP. 

(.9052 

AUD_IO P~E-AMPLIFIERS, excellent 
speclficatJon, £8.95 plus p&p and 
VAT. Details SAE please. Audio· 
Enterprises, 15 Long Lane, Holbury, 
Southampton, Hants. S04 ·lLF. 

. (9049 



Classified 
EXCLUSIVE OFFER 

RACK MOUNTING CABINETS 
HIGHEST QUALITY 19'' 

Rei 
PE 
lllO 
TT 
SL 
ST 

HI" 
10 
54 
64 
71 
85 

Width" 
21 
21 
25 
25 
22 

Racal cabinets lor RA-17/ II 7 
Unilrame. single 
Unilnme. double 
Unilrame, triple 

Depth" Price 
13 £10.00 
18 £20.00 
26 £45.00 
26 £50.00 
24 £70.00 

£30.00 
£30.00 
£45.00 
£60.00 

Over 60 types available from 12" to 90" high. 
Also twins, triplea and consolea. Above m only a lew 
types. Please sead lor lull list. 

AUDIO A•D t•STRUME.TATIO.-TAPE RECORDER· 
REPRODUCERS 

* PIBSIBJ 1033 Digital Unit&. 71rack 'fz'' 
* Plmey !15500 Digital Unit. 7 tracks v," 
* Amplex FR-1100. 6 spnds. stereo"" 
* Ampox FR600 . 4 speeds. 7 track v," 
* D.R.I. RMI.4 speads.4tracks'4" 
* Mincom CMP·1DO. 6 spuds. 7 tracks 1

it". ~'? ". 1" 
* Ampax3512speed2tracksW' 
* JM. H.4 speeds 14trock 1" 

Prices ol above £70 to £500 
Also Transport Decks only available 

We have a large quantity ol"bits and pieces" wa cannot 
list - please send us your requirements. we can 
probably help - all enquirias aRswered. 

All our aerial equipment is professional MOO 
quality 

* Nems Clarke Panadaptor - -- - - - . - . . . . £95.00 
* Teletunken Surveillance Receiver . £175.00 
* Servomex ZKVA Auto Regulators . £80.00 
* HallicraHer 524 Receivm _.. . . . . . . . E411.DO 
* Helix Aerials 11" & IS" and Retlectors . £26.00 
* Textronix 543A Oscilloscopes CA £290.00 
* Textronix 545A Oscilloscopes 0 . . . - . £275.00 
* Textronix 58 IA Oscilloscopes SO .. - - :. -- £360 
* Marconi TF 22DDA Oscilloscopes £375.00 
* Solatron CO 1014 Oscilloscopes £110.00 
* Solatron 1016 Oscilloscopes . __ .. - ... . .. - . £90.00 
* Rhode & Schwm QVH 0 meters !iDKcg/30 MCS £160.00 
* Rhode & Schwm ZOO Doagraph 30DIZ400 MCS £425.00 
* Rhode & Schwarz SMLM Sognal Generators 30/300 MCS E 180.00 
* Rhode & Schwarz SMAF AM/FM Dscilliators 10/230 . - . £220.00 
* Rhode & Schwarz SDR VHF Signal Generators 300/IDOOM £300.00 
* Rhode & Schwarz SWH Sweep Generators SDK/12M £160.00 
* Rhode & Schwarz SWOB-1 Polyscopes at 51400M - . - - £400.00 
* Rhode & Schwarz SSR Signal ~enerators 1.6/2.48 - £200.00 
* Rhode & Schwarz ESM-300 VHF Receivers IS0/300M - £275.00 
* Racal RA-17 P Receivers INewj . . £950.00 
* R.C.A. AR~ Receivers . - . - - - - - .. .. - . . . . - . £80.00 
* Eddystona 17DU VHF Receivers I•• turret coils! - . . £90.00 
* Collins KWT 6 Tr~nsmitter Receivers SGB . . . . . P.U.R 
* Philco HC-150 Hf Point-to-point recaivers - . - P.U.R 
* Roband RO SUA Oscilloscopas . . £230.00 
* s & K 2407 Electronic Voltmeters . - £160.00 
* Ad'n•r,• Aline Electronic Vollmeters £90.00 
* CT S2 Noise Generators £45.00 
* Wayne Kerr B 601 R.f. Bridgo . . . -- . £170.00 
* Winston "5" Sand Sitctrum Analysm . .. ...... . .. . . P.U.R 
* M.E.S.L. Sweep Generators 4/8 GMCS .... . -. . . . £260.00 
* Alrmac 352 Sweep Ganeralors 200 cyc/200Kcs - £130.00 
* Advance Transistor Testars TT-l S £45.00 
* Advance Digital Vollmetars DVM-I . £80.00 
* Marconi TF 329 Magnitlcalion Meters £1411.DO 
* Marcni TF 10668 FM Signal Generotors - £425.00 
* Marconi TF 801/0/1 AM Siynal Ganerators £290.00 
* Femnli 7.5KVa Auto Voltage Regulators £150.00 
* Manson TFM-101 Mulliptiers £240.00 
* Bradley CT471S Electronic Mullimetm .. £90.00 
* Servomn 2kw Auto regulators . £130.00 
* 125H. lattice Masts. 26" sides . - -- . P.U.R 
* JDH. lattice Masts. 14" sides . £55.00 
* 1 Ott. lightlattico Sections. 6" sides £11.00 

o· * EMI ~," Audio Tape 3600 FT Nab . . . - £4.5 
* SE4/2B C.R.T.s £18.00 

0 : m~~~ fo~~:9, cti.r; ·: :::.:- ~::~ 
: ~~~~n t A6~~~t~o~i~ ~i~:~i~eters g:: 
* EMI R 301 Tape Recorders £50.00 
* Stenorettel Tap• Recorders . . . . - £29.D 0 
* UniS8Ieclors. ID Sank 25-way . £3.50 
* 4011. Sactional Aluminium Masts. complete . £55.00 
* Narda 504 Fraq. motors 200-500 M/cs £45.0 0 
* Mulli -purpoS8 Trolltys with Jacks 19 x 17 - £16.00 

: ~d~~~~:3~~:n~~ ~~s::~· .. ; · · · · · · · · · ~~: 
* Molal V.O.U. Tables 30'' x 36" x 30" £24.00 

MANUALS 
we have a quantity of Technical Manuals of E!~ctronic 
Equipment. not photostats, 1940 to 1960. Brtltsh and 
American. No lists. Etquiriea invited. 

* Data Efficiency Rtspoolan 240v . . .. -
* Belling laetDD Amp lntertarence filters 
* OscilloscopaTrolleystrom .. 
* Rmt MAI97Spre-Selectors . . . 

0 £28.0 
£76.00 
£18.00 
£65.00 

* Rack MounlingDperalor Tables .. .. -- - £10.D 0 
* 75H Aluminium Lillice Masts. 20" sides 
* Addo58trackPunches .... .. ... . 
* RacaiMA-1751.S.B. Modulatorslnewl 
*Tally 58 Track Tape Rnders6D cps - . .. . 
* Tally 58 Track Tape Readers Track Spooling 

£400.00 
£48.00 
£45.00 
£48.00 
t&S.IIo 

We have a quantity of Power Transformers 250 walls to-
15KV~ at voltage up to 40KV. Best quality at low prices. 
Lists available. I 

* Racal RA-tiJ SSS Adaptors. new £70. DO 
* Racal RA2981 .S.S. TransistorisedConverters 

lnewl · £1ZO.D 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request. 

PLEASE ADD CARRIAGE AND V.A.T. 

P. HARRIS 
ORGANFORD,DORSET,BH166BR 

BOURNEMOUTH (0202) 765051 

0 
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When you buyHectaphone 
you buy more 
than Intercom 
Instant talk back to your Hectaphone from up . 
to 40ft. Never having to leave what you are do1ng . 

Fully intercommunicating 

Any Station to any Station . 

HIGHAMS ElECTRONIC 
COMMUNICATIONS 
UNITED 

Mini up to 41ines Maxi up to 8 lines Magnumupto211ines 
EXAMPLE: 12 wall 
stations . amplifier. 

EXAMPLE: 3 wall EXAMPLE: 6 wall 
stations. amplifier. stations , amplifier. 
30 metres cable 50 metres cable 1 00 metres cable 

Ferndown lndustrral Estate . 96 Cobham Road , 
Wimborne, Dorset. BH21 7RE 

ArJrJI O< £153.30 .\ppr ox £31 3.50 \ppl d X £858,00 

Tel : (0202)893514 

CHESS CHALLE NG ER 10 level ver
sion Ultl"a .]ow prices including 
V.A.T. and postage and packing 
only £160. Gammonmtaster _ 2 with 
doubling cube £115. Atan home 
video compu.te;r £127, eXJbra cart
ridges only £12 . Mail order only 
to Jagberry Limited, 95 Ardwell 
Avenue , Bar~ing!>iide, Ilford , E;ssex . 
01·588 7352 . (8938 

REVOX B77 TA PE RECO·RD ERS, 
lrimi.ted number , used approx. 50 
hours 3V7t two-track, gu.ar•anteed 
for twe-lve months. £515 inc . V.A.T . 
EMI AND RACAL ZONAL , pro-fes
sional tape on 7in and NAB spoo,];S . 
Keen price,s . Send for lis•t. NEVEN
CO C90 cassettes £6 .50 fo•r 10 inc. 
V.A.T. Audio equipment for pro
.fessional users, e.g. Uher , AKG, 
Beyer, Sennheiser etc. New range 
of NEVENCO mixing consoles es 
pecially for churche•s , char:ities and 
missiions-. NEVENCO LIMITED, 2 
Hills Road, Cambridge CB2 lJP. 
Tel: (0223) 62392 . <8950 

CONSTR UCTOR PLANS - Hundreds 
sold! Pulse Induction Metal 
Locator, advanced economical 
switched CMOS design , Mk II £1.50. 
Mk III with stabiliser, 5 ICs £1. 75 . 
Radio Telescope 5-Metre £2 . Solar 
Energy Furnace £1.80. Digital Multi
tested/frequency counter 22 ranges 
£1.50 . R & E Publications, High· 
lands, Needham Market, Suffolk . 

' (8976 

TEN YEAR GE NERAL IND EX to 
'Wireless World' •1968, 1977, fully 
cross referenced , £5 inc. - Roscoe, 
86 Kenilworth Crescent, Enfield, 
Middlesex EN1 3RG, England. (9047 

LAB CLE'ARAN CE: Signal Gener· 
ato·rs; Bridges; Waveform, 
transistor analysers; calibrators ; 
standards ; millivoltmeters ; dyna
mometers; KW meters ; oscillo
scopes; recorders; Thermal, sweep _ 
low distortion true RIMS , audio FR. 
deviation. Tel. 0·40-376·2'36. (r8250 

_ EDUCATIONAl,. 

. - C A ND G EXAM - -: 
Make aure ·yoU aUcce8d with an ICS home 
ltudy course for C and G Electrical I natallati_on 
Work and Techniciana. Radio/TV /Eier.trontca 
Techniciana. Telecomma Technicians end Radio 
Amateurs. 

COLOUR TV SERVICING 
M a ke the moat of the current boom I l earn the 
techniques of •ervicing Colour 11nd M ono TV 
aeta through new home study couraea , 
approved by leading m anufacturera. 

TECHNICAL TRAINING . 
Home atudy couraes in Eleetronica and 
Electri~l Engineering. Maintena nce . Radio, TV. 
Audio, Computer Engineering end Program
ming. Aloo oelf-build ra dio kilo. 
Get the qualification• you need to aucceed. Free 
detaila from : 

International Correspondence School s. 'De pt . 
ZBOP. tntenext Houoe, London SW8 4UJ. Or 
phone 01-622 9911 . 

(8970) 

ASSORTED pre-war and war time 
radios. Also selection of radio 
magazines dating from 1935-1955 
including "Short Wave," Q.S.T. , 
Wireless World, Stratton-on-Fosse 
232542 evenings. (9063 

10 3 DIGIT DIGITAL Voltmeters. 
Will operate from ~Sv, 0, · +5v 
supply. Cost £25 each. Also 3 power 
supplies for running D.V.M's . 12 
2.1 MHz tuned concentric twin 
ultrasonic transducers , suitable for 
doppler imaging . Cost £13 each . 
Dimensions: 1.2 em diameter, 5 mm 
thick. - J. F. Sutcliffe, Physics 
Department, Royal Devon & Exeter 
Hospital, Barrack Road, Exeter EX2 
5DW. <9055 

T EKTRONI X 453 Oscilloscope 50 
MHZ £600. Doram sine/sq . oscillator 
low D, N, mint, £50. Scopex 4DlOA 
oscilloscope, brand new, 2 probes 
handbook, boxed, £200. Marconi 
TF 995 siggen AM/FM £130. AVQ 7/ 
Mk 2 £40. Add 8% VAT. "Q" Ser
vice Electronic Camberley Ltd. , 29 
Lawford Crescent, aYteley, Camber
ley, Surrey. (0252) 871048 . <9045 

EQUIPMENT 
- ~-------------

TO ALL MANUFACTURERS ' 
AND WHOLESALERS i 
IN THE ELECTRONIC 1 

RADIO AND TV 1 

' FIELD I 

BROADFIELDS & . 
MAYCO DISPOSALS 

will pay you top prices for any large stocks of 
su rplus or redundant components which you 
may wish to c lear. We will call anywhere in 
the United Kingdom 

21 LODGE LA N E . 
N ORTH FINCHLEY, LONDON N 12 8JG 
Telephone _Nos.'01-445 0749/445 2713 

After office hours 958 7624 . 

TEST EQUIPMENT 

We are dis'posing of a consid
erable amount of good quality 
test gear including Tektronic 
copes at silly prices . 

* Ring Derek Pattinson ~ow 
and discuss your requtremer. t:.. 

Crofton Electronics Ltd. 
35 Grosvenor Road, 

Twickenham, Middlesex . 
T el. 01-891 1923 - (82f1 

(9091) 

VALVES RADI O - T.V.-Industrial
Transmitting. We dispatch valves 
to all parts of the world by return 
of post, air or sea mail, 2, 700 types 
in stock 1930 to 1976. Obsolete 
types a speciality. List 20p. Quota
tion S.A.E. Open to callers Monday 
to -Saturday 9.30 to 5.00. Closed 
Wednesday 1.00. We wish to pur
chase all types of new and boxed 
valves. Cox Radio (Sussex Ltd., 
Dept WW, The Parade, East Witter
ing, Sussex P020 SBN, West 
Wittering 2023 (STD Code 024366 ). 

(9082 

204 -COP IES · Wireless Worlds, from 
1951 to 1978, best offer secures, 
will sell separate copies. D. L. 
Jones, 177 Chevening Road, London 
NW6 6DT. !9046 

P YE SPEECH SC RAMBLERS. Price 
pur.: Greed 75 teleprinter £40 ; 
Cre·ed syn moto·r 3,000 rpm £5 ; 
Advance PP3 twin s•tab DC supply 
£30 · Adv.ance double pulse gen PG 
50o2c £35; H.P. ratio me•ter mod 
416B £30 ; H.P. Aud-io sig gen 205AA 
£33; Cossor RMS meter 1453 £27 ; 
Marconi valve volt me.ter TF 1100 

_ £15· Mufax !Sin re.corder type 
D-649 £120; Teleprinter tape and 
paper, 1' rund t mag tape . Dyn · 
amco 2001 MKZ DRM £75; A1rm ec 
osc1Ha~or-amplifier type 254 £55 
plus V.A.T. Skipton Electronic_ Sup
plie·rs, 29 Keighley Road , Sktpt-on , 
Nor.th Yorksni're. Tel : 0756 4397. 

(8949 

__ LEGAC NOTICES _ 

TRADE MARK NO. 510715 consisting 
of the word REVELATION and 
registered in respect of "Gramo
phones and phonographs; and ap
paratus for use in wireless tele 
graphy included~ class 8" was 
assigned on 14 ~une, 1976, by 
Revelation Supplies Limited of 
Blackhorse Lane, Walthamstow, 
London E17 to Antler Limited of 
Pilot Works, Alfred Street, Bury, 
Lancashire BL9 9LB WITHOUT THE 
GOODWILL OF THE BUSINESS IN 
WHICH IT WAS THEN IN USE . 

<9061 

BOOKS 

T HE . STORY OF RADIO by W. M. 
Dalton, M.LE.R.E . Authentic, nosta_l
gic , readable . Volume I. How Radro 
Began . From electrics to radio 
1914. Vo•lume II . Every One An 
Amatuer 1920/26 , constructors & 
BBC _ Volume III. The World S-tarts 
to Listen 1926/30. Receivers , trans
mi-tters , talkies , television . Ea<:h 
volume £4 .50 p&p 50p . Adam Hll
ge.r Ltd ., Techno House, Redcliffe 
Way, Bristol BSl 6NX. <9014 
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I ART1CL~-~ FOR_ S~~E_ 

COLOUR, U•HF AN;D TV SPARES. 
CEEFAX, ORACLE IN COLOUR. 
MANOR SUPPLI-ES "·EASY T'O 
ASSE-MB•LE" TE·LE11EXT KIT. 
Including T:EXAs D'e.cod-e:r. A-erial 
Input, comp1etely -ext-ern.al unit, no. 
f-urther connectio-ns to· set. FuH 
f·acilities, mixed TV pro-gr.amme 
and Teletext, Neowsflash. Upd.ate, 
and many sp·ecial feature-s not 
f-ound in othe.r units. Demonstration 
model i-n operatton at l7c2 West .End 
Lane, NW6. Phone or write fo-r 
further .info·rma-tion. 
TEXAS TI'FAX XMll Decoder 
module, new, £.1-30, p/p !LM. 
NEW C'OM'BINE•D OOLO·UR BAR 
GENERA TOR ~LUS CROS-S HATC'H 
KIT (Mk4) UHF Aeri·al input type. 
Eight vertical colour bars plus: R-Y, 
B-Y, Luminanc-e combinations, Grey 
scale etc. P-ushb-utton contrQJ.s. 
Battery ·operated £3.5•, De Luxe 
case £4.80•, aluminium case £2Ao•, 
bat·tery ho·lders £1.5o•. mains sup
ply kit £5.78•, p/p £.1.00. Built and 
tested (-l>attery) £58•, p/p £1.20. 
CR1055 H·A~.H KIT, UHF Aeria•l 
input type, •also giv·es peak white 
and black levels-. Battery o-perated, 
£11• p/p 4-Sp. Add-on ·Grey Scale 
kit £2 .90• p/p 35p. Aluminium case 
£2•, p/p 85p. Cross Hatch Unit, 
complete -a.nd tested in De Luxe 
case £20.80'", p/p £1. 
"WIRELE'SS WOR·LD" T·V Tuner and 
FM Tuner Projects by D. G. Read. 
Kits of p-arts -avai-lable, CRT test 
and reactivato·r kit for colour and 
mono £.19.80 p/p £1.20. UHF Signal 
Strength Meter kit us• p/p 90p. 
625 TV IF Unit fo-r Hi-fi amps or 
t·ape recording £6.80 p/p 70p. Decc-a 
Colour TV ThyristO!r Po-wer Supply 
Unit, incl. H.T., L.T., etc . Incl. cir
cuits £3.80 p/p £120 Bush A823 
(A807) decoder panel £7.50. p/p 
£1 . Bush 161 T--B panel A634 .£3.80, 
IF p-anel A5·83 £3.80 p/p 90p . Bush 
Portabl·e TV llV stab power supply 
unit £4.80 p/p £1. Bush GTV 25 
Convergence Panel pl·us yoke, blue 
lateral £3.60· p/p 90p. Philips Single 

.Standard Conv-ergence Units com
plete, 'incl. 16 contro.]s £3.75 p/p 
85p. Colour Scan Coils, Mulloard or 
Pl·essey, £6 p/p 90p . MuUard AT 
1()23/05 Converg. Yo~e £2-.50 p/p 
75p . Mullard or Plessey Blue Later
als 75p p/p 35p. BRC 3000 type 
Scan Co-ils !2 p/p 90p. Del·ay Lines: 
DL20 £·3.50_ DL50 £3.-50. DLIE, DLI 
S5p p/p 4·5p. Lum delay lines 50rp 
p/p 40p. G8 Tripier £6. BR-C 300 
Tripi-er £6.60 p/p 75p. Othe·rs avail
a·bl·e Philips G8 Decode·r part
complete £2.50 p/p 75-p. GEG 2040 
Ex-Rent-al Panels. ·Decoder £5.00. 
T'ime Base £5.00, p/p 90p. VA·RLCAP 
TUNERS UHF: Gen. instr. £3.5(). 
ELC llt43 £4.50, E1LC 1043/05 £5.5(). 
VHF: E·LC Ui42 £4.80, Philips VHF 
£3.80. Sa-lvaged UHF & VHF v.ari
caps £1.50 p/p 35p. VARlCAP CON· 
TRO·L UNITS, 3 position, £1.20. 4 
PSN £1.50, 5 P.SN £1.80, 7 PSN 
£-2.80. Special offer 6 posit.io-n . £.1, 
p/p 35p. UHF Transd. Tuners incl. 
slow motion dr.ive £2.80, 4 position 
push button £2.50. 6 psn. £4.20, p/p 
90p. Helical Pots lOOK, 4 fo·r £1.20 
p/p 30p. Thorn 850 Dual Std. Time 
Bas·e p·anels 50-p. Philips 625 IF 
panel incl. o-ct. 50p p/p 70p. 
Mull-ard Mono Scan CoHs for 
Ph'ilips Stella, Pye, Ekco, Ferranti, 
I-nvicta £2 .00 p/p 85p. Large selec
tion LOPTs, FOPTs available fo-r 
most popular make·s. MANOR SUP· 
PLIES 172 WEST END LANE, 
LONDON, N.W.6. Shop Premises. 
Callers welcome. Thousands of ad
ditional items av-ailable not normal
ly ·advertised. (Nos. 28. 159 buse-s or 
West Hampstead-Bakeri·O·O· Line and 
British Rail) _ Mail Order : 64 
Go.Jders M-anor D-rive, Lo-ndon, 
N.W.11. T'el: 0'1-79-4 8751. V.A.T. 
Please ADD 12'% TO ALL PRICES 
(EXCEPT WHE'RE MARKED• . V.A.T. 
8%) . (160 

. CAPACITY AVAILABLE 

PCB ARTWORK DESIGN SERVICE 
wlth component no-tation masters 
and asse-mbly drawings . PADS 
Electncal Ltd, 01-850 6516, 45 
Southwood Road, New Eltham SE9. 

AGENTS WANTED - -
PCB AGENT WANTED. Very gener
ous commission offered on all PCB 
work obtained . Please reply Box 
No ww 9093. (9093 

ARTICLES WANTED 
- --------~-- -

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 

(87421 

WE PURCHASE AL FORMS: 
OF ELECTRONIC 

EQUIPMENT AND 
COMPONENTS, ETC. · 

SPOT CASH 

·c-HI L. T IVfEJfo-i. iD. 
7, 9, 11 Arthur Road 

Reading, Berks. 
Tel. (0734) 582 _605 

MINICOMPUTERS 
PERIPHERALS 
INSTRUMENTATION 

For fastest, better CASH offer 
Phone: 

1CHILTMEAD LTD. 
Reading (0734} 586419 

TURN YOUR SURPLUS Capacitors, 
tran~istons, etc., into cash. Contact 
COLES-HARDING & Co., 103 South 
Brink, Wisbech, Cambs . 0945-4188. 
Immediate .s:ettlement_ We also wel
co-me - the opportunity to quote fo·r 
complete factory clearance. (7439 

ELECTR·ONIC S-C·RA·P. Components, 
etc., Rece-ivers, Transmitters Test 
Equipment wanted. Ferrogra.phs 
fro·m £1-5 in stock. Contact M & B 
Radio, 86 Bishopgate Street, Leeds 
1. Tel. Leeds 35649. (8011 

STORAGE SPACE is expensive, why 
store redundant and obsolete 
equipment? For fast and efficient 
clearance o.f all test gear, power 
supplies, PC boards, components, 
etc., regardless of condi-tion or 
quantities. Call 0·1-771 9-4·13. (8209 

SPOT CASH for all types test equip
ment, receivers, transmitters, 
valves, components, cable and sur· 
plus electronic scrap. M. & B. 
Radio, 86 Bishopgate Street, Leeds 
LSI 4BB. 0532 35649. < 8789 

WANTED, manual and spares . for 
S.iemens teleprinter type 37. - Box 
No. WW 9054. I 9054 

MANUFACTURER requires proven 
efficient circuit for IB/TR metal 
detector. Payment, as percentage of 
sales. Telephone < 0269) 842678. 

(9050 

\_ CAPACITY AVAtLA~~~~ 

I.H.S. SYSTEMS 
Due to expansion of our manufac
turing facilities we are able to under
take assembly and testing of circuit 
boards or complete units in addition to 
contract development. 

We can produce, test and calibrate to 
a high standard digital analogue and 
RF equipment in batches of tens to 
thousands 
Telephone to arrange for one of our 
engineers to call and discuss your 
requirements, or send full details for a 
prompt quotation. 

TEL. 01-253 4562 
or reply to Box No. WW 8237 

. . (8237) 

ELECTRONIC CIRCUIT Design and 
proto-type construction production 
assembly. Te•st and PCB artwork 
de-sign. Write: Powerlione Electron
ic.s, High Street, Bognor Regis , 
Sussex P021 1 EZ or telephone STD 
024-32 (PaghamJ 66587 evenings . 

SMALL . BATCH .pro•ducti.ons wiring 
assembly to samp.le or dnawings. 
Specioalist in p-r-inted circuits as
sembly. Rock Electronics , 42 Bis
ho•p•Sifield, Harlo•w, Essex 0279 33018. 

PLYMOUTH 
POLYTECHNIC 

HONOURS DEGREE IN COMMUNICATION ENGINEERING 

Enhance your career opportunities by studying for a 
degree in this interesting and rewarding field of 
engineering. Plymouth Polytechnic offers a 

4-year sandwich 
course to students 
with satisfactory 'A' 
levels, ONC/OND, 
C & G or equivalent 
qualifications. 
Sponsorship and 
grants are available . 

For further 
information contact: 

Head of 
Communication 
Engineering, 
Plymouth 
Polytechnic. 

Drake Circus, Plymouth, Devon. PL4 BAA 

CAP~CITY~ AVAIL~ABLE 

PCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high volume . single or double sided. 
we specoalise in flow line assembly 

Using the Zevatron soldering system and on 
line lead cut ting . we are able to delover hogh 
quality assemblies on time . and com
pe t itively priced 

Find out how we can help you with your 
production. Phone or write . We will be 
pleased to call on you and doscuss your 
requ irements 

TW ELECTRONICS L TO. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK 
TEL: 0284-3931 

Sub contracting assemblers to the Elec-
t ronics Industry -

···= 

COIL WINDING 
Large or small 

PRODUCTION RUNS 

AIRTRONICS LTD 
GARDNER INDUSTRIAL ESTATE 
KENT HOUSE LANE 
BECKENHAM KENT BR31UG 
01-659 1147 

89 36 

Specialise PCB Service 
Layouts • Ph~tO,raphy . • or~Uing 
~9fl~r tinning • · QQid Plating 

L;eg.enq Ptin:Hng : • Proflli.,~ . 

Stttc.ial q1,1i~k prqtotype ser\'ice 

Crofton Electronics Limited 
35 Grosvenor Road, Twickenham 
Middlesex Tel. 01-891 1923 

8210 

Wind your own coils 

Short runs, · 
Long runs, 
one type, 

Many types, 
Simple, 

complex. 
Younamelt 

~ 
will help you 

wlndlt 
AVO LIMITED Archcllffe Road, 

Dover; Kent,CT17 9EN. 
Tel: 0304 202620 Telex: 96283 

__l_ 8915 
1MIIIII - ~·.- -' r" ·. k- )'._ ,r.-. n~rn · ·. n ): ·rnr.nt 

HIGHWAY ELECTRONICS . Logic 
design, PCB artwork, assembly, 
testing, custom built electronics, 
Unit 112, Springvale Ind . Estate, 

•Cwmbran, Gwent NP44 5BG. Tele
phone Cwmbran (06333) 68042 . 

(8347 

SKILLED HAND assembly, one·offs 
and small batch runs. - I. G. 
Bowman, 59 Fowey Avenue, 
Torquay, S. Devon. (9000 
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Here's why you 
should buy~~ 
anlCE 
instead of 
just any 
multimeter 

WW-104 FOR FURTHER DETAILS 
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*Best Value for money. 
*Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers. 
*World-wide proven reliability . 
*Low servicing costs. 
* 20K/volt sensitivity and high accuracy. 
*Large mirror scale meter. 
*Fully protected against overload . 
*Large range of inexpensive accessories. 
*12 month warranty,backed-by a full after 

sales service at E.B.Sole U.K.Distributors 
Prices from £16.60- £32.00+VAT 
Send for full colour leaflet and prices on 
whole range including accessories. 

I -.... = ELECTRONIC 
_ __... ___ BROKERS LIMITED 
49-53 Pancras Road, London NW1 208. 
Tel: 01-837 n81. Telex: 298694. 

Appointments ·vacant Advertisements appear on pages 133-151 
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New! Equalization analyz.r ... 

Balance a system ... Dalance a budget. 
Quid~ and accurate adjustment of 
sound system frequency response is 
finally within the reach of most 
budgets. The Shure M615AS 
Equalization Analyzer System is a 
revolutionary breakthrough that lets 
you "see" room response trouble 
spots in sound reinforcement and hi-fi 
systems-without bulky equipment, 
and at a fraction of the cost of 
conventional analyzers. 

The portable, 11-pound system 
(which includes the analyzer, special 
microphone, accessories, and 
carrytng case) puts an equal-energy
per-octave "pink noise" test signal 

into your sound system. You place 
the microphone in the listening area 
and simply adjust the filters of an 
octave equalizer (such as the Shure 
SR107 or M610) until the M615 
display indicates that each of 10 
octaves ore properly balanced . You 
con achieve accuracy within± 1 dl3, 
withouthoving to -"ploy it by ear." 

Send for complete descriptive 
brochure. 

Shure Electronics Limited 
Eccleston Road 
Maidstone ME 15 6AU 
Telephone: Maidstone (0622) 59881 

WW-002 FOR FURTHER DETAILS 

TECHNICORNER 
The M615 Analyzer's display contains 20 
LEOs that indicate frequency response 
level in each of 10 octave bonds from 32 
Hzto.16,000 Hz. 
A rotary hi/lo envelope control adjusts the 
HI LED threshold relative to the LO LED 
threshold. At minimum setting, the 
resulting frequency response is correct 
within± 1 dB. Includes input and 
microphone preamplifier overload LEDs. 
A front panel switch selects either flat or 
"house curve" equalization. 
The ES615 Omnidirectional Analyzer 
Microphone (also available separately) is 
designed specifically for equalization 
analyzer systems. 
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Multicore Solders ltd 
Maylands Avenue 
Hemel Hempstead Herts HP2 7EP 
Tel: Hemel Hempstead 3636 
Telex: 82363 i 
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Hukicore soUer kelps 

Europes OTSO satellite 

orklt dtlSOOOm les 

OTS-2,a forerunner of a European communications 
satellite, was launched from Cape Canaveral on 
May lllh 1978. 

Now orbiting the equatorata heightof 23,000 
miles, OTS-2 was built for the European Space 
Agency by the MES11 consortium, led,by British 
Aerospace Dynamics Group, Sleycnage, 

In buildingOTS-2,complete precision was called 
• for. Which is why EVsin Multicore solders were used 
for many of the soldering operations. • 

Quite simply, Multicore solders have //;u/ kind of 
reputation. For quality, toCighnessand reliability. 
That's,why so many electronics maaufacturers 
won't use anything else. " 

Next lime you need solderofany kind,aim as high 
as OTS-2.. .'and use Multicore/ 

Full details of Ersin Multicore solders, solder 
-chemicals and high p u ri ty -ba r so I d e rjj fo r / 
automatic soldering from ' / • : 

vJ 

Ww—004 for further details 


