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~BOfiSSIONAL TOOLCA. 
!ol' Sei'Vice lng· 

~ 
1e TL99 and TL 100 are designed for the Professional Electronics, TV or 
1strument Technician who needs to carry a large number of specialist tools. 
Jnstructed from hard wearing ABS with strong aluminium frames, twin handles · 
1d toggle locks. They offer a moulded tray in the base, a comprehensive 2 sided 
>01 pallet that's reversible with space for up to 40 tools.- The T L 100 will take 
Jite a few more. There's space for documents and a heat sink for a hot solder
g iron to prevent any damage being caused. 

LW4 Toolwallet measures 11" x 14" x 2Y/' when closed . Made from reinforced 
1/C with a heavy duty industrial zip. The TLW4 Toolwallet is a compact 
ternative when only tools are needed to be carried . 

0 Please send I 

IEnclosed £ ~~~ 
my cheque • 

ne 

lress 

>Is NOT included . British made. 
ney back guarantee . Allow 7-21 days for delivery. ---------------- Thieman Products Ltd 

Ermine House, A:>st St,Godmanchester,Cambs. PE 18 8BA (0480)65534 

TLW4 
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Philips motor technology 
turns great ideas 

into reality ... 

WIRELESS WORLD OCTOBER 1981 

Front cover shows inte
grated-circuit probing equip
ment by Wentworth 
Laboratories. Photograph by 
Paul Brierley. . 

IN OUR NEXT ISSUE 

High-resolution satellite 
images. The design of a re
ceiving station for use with 
a computer to display 
we~ther pictures from 
spacecraft. 

C.b. frequency synthesizers. 
Two kinds of synthesizer 
suitable for 27MHz are des
cribed, with a practical 
mixer synthesizer circuit to 
cover 40 channels. 

Cartridge alignment gauge. 
Following on from this 
month's article, R. J. Gilson 
presents a simple device 
which makes alignment of 
pickup cartridges easier. 

"current issl)e 70p, -ba-cl<--is
sues (if available) £1.00, at Retail 
and Trade Counter, Units 1 & 2, , 
Bankside Industrial Centre, Hop
ton Street, london SE 1. Avail-, 
able on microfilm; please' 
contact editor. 
By post, currently issue 96p, 
back issues (if available) £1.50, 
order and payments to EEP Gen
eral Sales Dept., Quadrant 
House, The Quadrant, Sutton, 
Surrey SM2 5AS. , 
Editorial & Advertising offices: 
Quadrant House, The Quadrant, 
Sutton, Surrey SM2 5AS. 
Telephones: Editorial 01-661 
3500. Advertising 01-661.3129. 
Telegrams/Telex: 892084 
BISPRS G. 
Subscription rates: 1 year £12.00 
UK and £15.00 outside UK. 
Student rates: 1 year £8.00 UK 
and £10 outside UK. 
Distribution: Quadrant House, 
The Quadrant, Sutton, Surrey 
SM2 5AS. Telephone· 01-661 
3500. 
Subscriptions: Oakfield House, 
Perrymount Road, Haywards 
Heath, Sussex RH16 3DH. Tele
phone 0444 59188. Please notify 
a change of address. · 
USA mailing agents: Expediters 
of the Printed Word Ltd, 527 Ma
dison Avenue, Suite 1217, New 
York, NY 10022. 2nd-class 
postage paid at New York. 

© · IPC Business Press Ltd,. 
19811SSN 0043 6062 
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33 Invention - the orphan 

34 Microprocessor interfacing 
by J.D. Ferguson 

40 News of the month 
Amateur satellite Commercial teletext Microwaves and health · 

43 Integrated-circuit design 
by J. L. Linsley Hood 

46 World of amateur radio 

47 Circuit ideas 
Linear power amplifier Gray-to-binary converter Ten-beam converter 

49 Quantifying amplifier sound 
by Yoshimutsu Hirata 

53 Letters to the editor 
'Truth-table' logic symbols Filter transient response James Clerk Maxwell 

56 Multichannel digital tape recorder 
by A J. Ewins 

. 59 The cartridge alignment problem 
by R. J. Gffson 

62 Tracking mains filter 
by K. Radhakrishna Rao and R. S. M?ni 

67 Long-distance television reception 
by Keith Hamer and Garry Smith 

71 Sound for the Royal Wedding 
by John Flewitt 

74 Digital storage and analysis of speech- 3 
by lan H. Witten 

79 A.m. receivers without interference 
by Lewis Illingworth 

84 New products 

86 Sidebands 
by Mixer 
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DEVELOPMENT 
EPROM-PROGRAMMER 
ROMULATOR 

2716 
2732 
2532 
etc. 

E) 
0 MONITOR or TV output (625 l1ne UHF). Data 

contents of memory visible- A WIN DOW IN THE 
CHIP. a 28-KEY, 2-LEVEL KEYPAD w1th HEX ENTRY and EDITING CAPABILITY. (BYTES and BLOCKS of code can be changed, mserted, deleted, sh1fted around etc.). 

0 INPUT and OUTPUT: SERIAL (RS232) and PARALLEL (Centronics) routmes provide ready interface with computer or pnnter. 

0 EMULATION of PROGRAM MEMORY in-circuit 
IS performed by plugging SOFTY mto the ROM SOCKET. A lead w1th a 24 pin OIL PLUG is supplied. e CASSETIE INTERFACE. 

()EPROM-PROGRAMMER: an EPROM may be copied or reprogrammed at the press of a key. 0 PERSONALITY SWITCH selects 2716, 2532, 2732. 

SOFTY is used as an EPROM-PROGRAMMER, 
a production ROM CHECKER and for the 
DEVELOPMENT and PRODUCTION of 
PRODUCTS which contain MICRO
PROCESSORS and use EPROM for program 
storage. 
*Price is for a BUILT and TESTED SOFTY (No kits) 
including POWER SUPPLY, TV LEAD, 
ROMULATOR LEAD, 90 DAY WARRANTY and 14 day money-back guarantee. · 
£169.00 + £25.35 (VAT 15%) = £194.35. 
DATAMAN DESIGNS, 
Lombard House, Dorchester, Dorset DT1 1 RX Dorchester (0305) 68066 (UK Sales) 
Maiden Newton (0300) 20700 (Export) 

TEACHING 
ZBO·ASSEMBLER 

MICRO-CONTROLLER 

ME~rA 

0 MONITOR or TV output (6251ine UHF). ·: .. ~ · 
PROGRAM, STACK and REGISTER contents visible: . 0 40-KEY. 3-LEVEL KEYPAD with Z80 ASSEMBLER .. · 
MNEMONICS and HEX. PROGRAM-EDIT, STEP, RUN etc. 

E) 24 bits of 1/0 can control external machinery, 
indicators etc. · 0 CASSETIE INTERFACE. 

@ BEEPER gives entry and error feedback. 

() LED gives prompt and page number. 

MENTA was designed to fulfil request of 
Schools Council's Modular Courses in 
Technology Project for "Microelectronics 
Teaching Devices" for use in a module which is now being tested in schools in Bromley. 
Inquiries are invited from Companies and 
Institutions with commitment to train 
students in SYSTEM DESIGN. 
MENTA is from the same stable as the SOFTY 
development systems. 

*Price is for a SAMPLE UNIT with POWER 
SUPPLY and TV LEAD. £115 + £17~25 . (15% 
VAT)= £132.25. -.. _·. 
DATAMAN DESIGNS, 
Lombard House, Dorchester, Dorset DT1 1 RX · 
Dorchester (0305) 68066 (UK sales) 
Maiden Newton (0300) 20700 (Export) 

WW - OSSFORFURTHERDETAILS 

WIRELESS WORLD OCTOBER 1981 

··Rmcron, 
INDUSTRIAL 

MUSCLE 

Model-- M600. 
* P.OWER RESPONSE DC- 45KHz± 1 dB. * OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S.). * DC OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA. . * HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6 OHMS. * PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OSCILLATORS* UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION GENERATORS, AND MANY OTHERS. * OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD. * FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD. * TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. * INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. * 3-YEAR PARTS AND LABOUR WARRANTY. *UNITS AVAILABLE FROM 100VA-12KVA. 

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

Analogue Associates.· 
PROFESSIONAL AUDIO AND iNDUSTRIAL ELECTRONICS 

P.O. BOX 3 
ATTLEBOROUGH 
NORFOLK NR17 2PF 

Tel: 0953·452477 

WW - 031 FOR FURTHER DETAILS 
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Electronic Brokers I :-1 ·: I ::-1 = I ::llf ectronic 
E 

Everything as new-

Hewlett Packard. Tektronix Marcom. 
8407 A/8412A. Network Analyser T935A Oscilloscope DC-35MHz TF2162 MF Attenuator DC -I MHz. 

£1950.oo· 2mV-IOV/div. Delayed sweep. 0-llldB. 600!2 £135.00 

ANJaOGU£ VO LTMIT&RS 
AND MULTiMETSRS 

Otfiar~rm~ Voltmeter 
z . I mV· tW \teryHJgh 
. ' £ff74.00 

ANAt..Y:SIRS 

VOOr.neterfNUfl 

Ji0Hl-l~ Jr:nv
£240.oo 

q~Vterlll'ftadl-. 
~i= l&~d ano'VIJIJJ:ij{~(QtaAI"'illlyser OW 
G[,"if!lhtclelle·te<H'lfd:er <t !fHz·2;!lKH~ lf~"Qf 
lf l!O•@ctave £9fOj(J() 

£595.00 Quantities available- very good 
condition. 

=~~1i~rurce 
Pl04 

CALfllfiATION EOUIPMIN'f 

OVM's AND DUM''! 
&@' ton. 
1!@54 5¥2 IDISl~ I»MM A(lbe \\otiS, 
ReSISutnce 1ift1e~$ (! l p,V fl't·ll.i'l!lUtt@fl 

f11SO,oo 

~~(~~~~~~~~. ~ al1i.oo 
::am~ 44<2 DI9J~Ml\1 ACJQC 
anlil,.estttllf\ceo J~v ~IJtl!lh ·r 

MULl'IMITIRS 
AllQ, 
f eSt St$NWii\IOOf I ZOKSUvalt, VFl f¥ rtlbt:t~l 

F"~ll!ll-rr 
U t i. 
~ 50SelaQtest Jll!Kft/.valt. 

£'7:5.QO 
Ul~l-S 

Yokagawa 
3047 2 Channel Chart Recorder. 
0.5mV-IOOV. 2cm/hr-60cm/min. 

£435.00 

rokers 
E TE 

except the price! 

Bruel & Kjaer 
2203 Sound Level Meter C/W 4 I 65 
'hin Microphone. 26- I 40dBA. A,B or 
c weighting. Fast or slow response. 

. £395.00 
Bargain In Unused Condition 

arustt 
500 ~y Rf:WOTder liOOwVJD.lV t~ 
l .GV/OlV P,O.A. 

ltaQJ. 
Store 70 Tape Rooard~r 
7 cha(fmeJs.FMcele@iroQflll\'S.J:>C - 20KHz 
• % .• -oO!ps. . £4500'100 

S.U.p. 
6012 SOChanmeft JV Req.ort:~ef. 5e.W&J?Jl'~r 
anve upto $ me[tMtec 1 1' pap¢< £H 00100 

Wall:~~· 

~4~t~!n::~c~::ifcoraer lt:9s.oo 

Yok~a. 
3047 '2 Cnanmef~ll'lilr-t Recorder O.SmV~tQPY 
Zcmfhr-60aml tntm • £43 5.00 

SIGNALIOURC&S 
Avo. 
HF 146 AMifM Slgi!WH3emer,atot 4 {J-1 2 
~-!~V IA 2Qdli!:~~~fJhJHin&<e.ntc~ ,CX) 

Tektronix 
455 Dual Trace Portable Oscilloscope 
DC-50MHz. SmV-SV/div. Full 
delayed sweep. Super condition. 

£925.00 
Large Quantities Available 

I :=11111: I ::-1: I :•f: I ::-1: I ::-1 
::-t: 1:-t: 1:-t: 1::-1= I 
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T 

MewJett t'ackara. Ferrograph 
4204A Digital Oscillator. I OHz-1 MHz. · RTS2 + A TUI Recorder Test Set 
1 mV -I OV measures wow and flutter, distortion, 

£695.00 gain £375.00 

'NSMISSION 
.· URJNG &OYIPMINT 

-~·!· !f$;;:832 !tiP Tranms8kim 'llestSet ~?~J;;t~ 
.. " . • £'42'5:.00 

:W,ZB$2 Otanr~pt'it-l· ®rstmoo Te$ter 
tl:l.ectcs AJI tQ·Afi dtstotUQ~~tP.C.M 
$yMems . BOOM 

S~J. 

MfJCILLANI'OUS 
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PDP 11/34 wide range of 
CPU's available from 
£4000 
MAGNftiC:: T~!S 

•·· ~iHJ;Kk ~if!P I J (;!d•€ltl d6vc 
7"tr~k anq 9't[a~~'~{~~ flYii!JI?ole 

T€:1•6 9;tr.:~t'k· qu;;flttenst.~;y at:it!lll600bpi 

Pfi)P8A MEMORY 

BK~~pre .. .. .. . .. .. . • ~®·~ 
1:6J(W Core .... _ ... _. .. . £995:00 

POPS& t;PU~ MEMOBY; 
CP'110NS 

llERMfNAL.S 

MISC. PIRfPHER~LS 
p~c 
l?t 1 t:AReader•Puncnwith4JOibus CQt\lr.91' 
tr:9¢yle .. _ ............ ," ................. "'" #Ji$o,QO 
TUPO Tw.1n Ca'Ssette dl'1Ve, new cqn,(jitil?n 
........... -.. -......... , .... -.......... .............. £5®.00 
\PPS5 Graphms ter.mrMIWith,rltegG~lfl<.~n:J 
e::opie:r ........ ., ............ , ~ ............ , .•. _. £99S:>OO 

MJSC.£LLANEOUS . 

DEC LA38-GA DEC writer IV 
Terminal with tractor feed, 
paper out numeric pad and 
datalead. As new., .. £495.00 
CABINETS 
OE:¢ 
A sde,S'1QfFd'6ft. ~ft l]!OO 'IOW•bp,y, eabi!let;> 
usu~IJy ,;tvajfab1e. - please fl!igJprclate.sF stock£, 

PRINT'ERS 
c,ntr,qhlcs fOt. 
Heav. •· > •. · •. tn;><Jpr;,mterWJtfhM AS<:;Utt.RfJ.er 

* 

~t l 65~pso.pe~atlen. IH2\p;mt 
@ust.lbJetrad:er-,feed, Raf"![el 

. " ........ -" .... £!19.5,00 

PE11 * O.N'LY ... £t99~ 
(Mali erdfilf roi~J 
. . • . . . - . £234Ai0.) . 

't~tYI~l 
J60 <:p$.'Mif~,x:Ponrer.wlfb~g1t9l>, • 
.tpcse A~flthatoad:e( set'" 
cOj!1n'lhs·vwlmt~tl}u1ttab·lett~allt•c:mfi~~· 
~ldifectiop~ipnnting,.d~!<Jbi.t;p.wl¢hchaf.amer 
feature~ seJr test..facJlily. C~entfonk;:s;ty~:p.;!taVI.ll 
mtedace- . . . . . . . . .. . , . , . , £8?$;® 

Teletype. 

PAPER TAPE PWNCHaS 

Tektronix 61 iXY storage 
display graphics monitor from . 
£I I 50 to £I 500 

VDUs 
Hazeltine. 

H I 000 The low, low 
priced teletypewriter· 
compatible video 
display terminal. 
offering your choice of 
transmission speeds up 
to 9600 baud as well 
as parity generation 
and checking. I 2 x 80 
display upper case 
ASCII, RS232 interface, 
choice of baud rates 
Standard baud rates 
either (a) I I 0/300 or (b) 
300/1 200. (£25 
surcharge for other 
combinations up to 
9600baud). 
SUPER VALUE 

. . £199.00 

H2000 Superb spec. 
. including full XY cursor I ')· addressing and edit 

. 1:,.r· faCility. 27 x 74 d1splay, 
· · upper case ASCII . 

RS232 interface, 
switch-selectable baud 
rates . £299.00 

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

Modular One. Now 
with upper/lower case, 
XY cursor addressing, 
24 x 80 line display, 
dual intensity 
detachable keyboard. 
choiceof8 
transmission rates up to 
9600'baud .. . £399.00 

Also available from time to time 
Hazeltine 1500 from . . 
Hazeltine 1 510 from .. 

~iYSOARDS 
~W/9Cii!!K~yb0ants 
K~75~M.F5'6,statiqp'~~. · ·. eaq;iwitt\Jull 

itli')Ut, 
· er 

....... , ....... ,~J?;® 
~r'Ji,tii'OtdetrQWI ... £47_ fSI 

Kfl771MF aspe~ 7$6Mf! ptfi;w irl1 n 
k.ey~atiOJWitkpr:porat.IO!i}'AUI'tlefi!!. .l')aG~~q 
cursotcpntro(.key.s: -....•.•..•.....•. , .•. : •. -..... ~§~.()9 
. .•..•.• •··. . •. .•.• .. ·. ·. ·. • {mai~rQ~ tft.all - .. ~77 .~li' 
~~~~~ -. ~~=~~:~:~~~ .. ~ ..... ~~:~: .. ~~~~· 

• (mail ordertotal) .. £23XJO) 

Hameg 

HM 203 PORTABLE 
OSCILLOSCOPE 
(ILLUSTRATED) 
D ual Trace. DC to 20MHz. 8 x 1 Ocm disp lay. 
Risetime 17 .5nS. Sensitivity 5mV/cm-20V/cm. 
Timebase 0 .51-'s-0 .2s. X5 magnifier. X-Y operat ion 
Auto or variable trigger. Channel I, Channel 2, 
line and external. Coupling AC. o r TV low pass 
filter. Weighs on ly 6Kg. Size (m.m.) H . 145, W. 

28 5. D. 380. £220 OO 
Unbeatable value at • 

HM 307 OSCILLOSCOPE 
Single trace . DC to I OM Hz. Risetime 35nS. 
5mV/cm to 20V/cm . T1mebase O.Sfls-0 .2S . 
Built in componem tester . LPS techn ique 
prov1des stable and reliable tnggenng £

1 38 
OO 

up to 30MHz • 

HM 41 2-5 OSCILLOSCOPE 
D ual Trace . DC to 20M Hz. 8 x I Ocm rectangular 
d isplay w ith internal graticule . Risetime I 7 .SnS. 
Sensitivity 5mV/cm-20V/cm. T1mebase 0 .5flS-0.2S 
X5 magni fier. X·Y operation . Z modulation A uto 
(peak value) o r vanable tngger . Channel I or 2, 
altern. Ch . I Ill . line ext Sweep delay. Vanable 
h old-off t1me. We1ght 7.5 Kg. 
Still at only £350.00 

HM 51 2-8 OSCILLOSCOPE 
D ua l t race . DC - 50MHz. Risetime 7nS. 5mV/cm: 
20V/cm . Timebase 100nS/cm-2Sicm . XS magn1f1er. 
X-Y operation . Z modul.atlon Sweep delay and 
delay 11ne perm1 ts view1ng of leading edge. 
THE BEST PRICED 50MHz SCOPE £S80.00 
ON THE MARKET AT 

Fluke 
FLUKE 8050A (ILLUSTRATED) 
4 !/z Digit LCD DMM with true RMS on AC volts 
and current DC volts 200mV-1 KV, 1 OflV 
resolution AC volts. 200mV-7 50V, 10flV 
resolution . DC/AC current 200flA-2A, 0 .01flA 
resolution resistance 20011-20MQ . 0 .0/Q 
resolution . Also reads dB direct referenced to 16 
stored impedances . Conductance ranges 2mS and 
200nS. £245 mains model £285 mains battery . 

FLUKE 8012A 
3 !12 D igit LCD D MM with true RMS on AC volts 
and current DC volts 200m V-1 KV, 1 OOflV 
resolution . AC volts 200mV-750V. 100flV 
resolution . DC/AC current 200!1A-2A. 0 . 1 1-1A 
resolution. Resistance 20011-20MQ, 0 . 111 
resolution Low resistance 211 and 2011, 1 mQ 
resolution Conductance ranges 2mS-20flS-200nS 
£2 l 8.00 mains model £244.00 mains battery. 

FLUKE8010A 
3 Yz D igit LCD DMM Same spec as 8012A plus a 
I OAmp AC/DC current range. but not low 
resistance range. EJ 6 7.00 ma1ns model £ 193.00 
mains battery. 

FLUKE8024A 
3 Yz D ig it hand held LCD DMM w ith peak hold 
level D etector and continuity tester. DC volts 
200mV- 1 KV, 1001-'V resolution . AC volts 200mV-
750V. IOOfiV resolution . DC/AC current 2mA-2A . 
lflA resolution . Resistance 200Q-20MQ, 0 .1 11 
resolution. Conductance 200nS. Peakhold of AC 
or D C volts and current Level detector operates 
around + 0.8V reference . Audio tone on level and 
continUity. E l 55.00, carrying case £8.00 extra . 

FLUKE8020A 
3 Yz Digit hand held LCD DMM . Spec as per 
8024A with extra cond uctance range of 2mS but 
no peak hold, level or continuity ranges. Complete 
w ith carrying case E l 25.00 

FLUKE8022A 
3Yz Digit hand held LCD DMM . Spec as per 
8020A but no conductance ranges and sl1ght 
reduction in accuracy . £89.00 carrying case 
E8.00 extra 

Also availab le a range of accessories including 
current shunts. EHT probe, rf p robe, Temperature 
probe and touch and hold probe . Full details on 
request 

above 

680G MULTIMETER 
(ILLUSTRATED) 48 RANGES 
D C volts 100mV-2- 10-50-200-500-1000V AC 
vol ts: 2- 10-50-250- 1 000-2500V DC current: 
50-500flA-5-50-500mA-5A AC current: 
250flA-2 .5-25-250mA-2.5A Resistance 
Q x 1-Q x 1 0-Q x 1 00-Q x 1 000 and Lown, full 
range 111- 1 OMQ Up to 1 OOMQ can be measured 
using ext AC supply. dB scale-10 to + 22dB. 
OdB = I mW into 60011 SensitiVIty DC 20KQN, AC 
4 KQN. Accuracy 2.0% AC and DC . Battery 
Eveready No. 8 Overload capability 1000: 1 on 
resistan ce ranges. Protected by Internal 311Fuse . 
Size with case 10.8 x 1 I x 3. ?em. Meter size 1 Ocm. 
Supplied with leads and carrying case. 

£24.50 
680R HIGH ACCURACY 
MULTIMETER 80 RANGES 
DC volts: I OOmV-2-1 0-50-200-500-1 OOOV AC vo lts : 
2-10-50-250-1 000-2500V DC current: 50-500flA-
5-50 -500mA-5A A C current: 
250!iA-2;5-25-250mA-2.5A XZ switch on all 
voltage and current ranges except 2500V AC 
setting. Resistance: Q x 1-Q x I 0-Q x I 00-Q x 1000 
and Lawn, fu ll range I Q- 1 OMQ, up to I OOMQ can 
be measured using ext. AC supply. dB sca le - 10 
to + 22dB. OdB = 1 mW 1nto 60011 Semtiv1ty DC 
20KQ/V, AC 4KI1/V. Accuracy DC I%, AC 2% . 
Battery Eveready No. 3 . O verload capability 
I 000: I on resistance ranges. Protected by Internal 
311 fuse. Size with case 13 .7 x 10.4 x 5.4cm . Meter 
size 12cm. Supplied with leads and carrying case. 

£32.00 
MICROTEST 80 POCKET SIZED 
MULTIMETER 40 RANGES 
DC volts : I OOmV-2-1 0-50-200-1 OOOV AC volts : 
1.5-10-50-250- IOOOV DC current: 50-500flAc5-
50-500mA-5A A C current: 
2 50~JA-2 . 5-2 5 -250mA-25A Resistance; 
Q x 1-Q x 10-Q x 100 and Low Q, full range 
I Q-5MQ dB scale -I 0 to + 22dB. odB = 1 mW 
1nto 60011 Sensitivity : DC 20KQ/V, AC 4KQ/V 
A ccuracy 2% AC and DC. Battery Mallory RM 
625 N . Overload capability I 000: 1-on resistance 
ranges. Protected by internal311 fuse. S1ze Wi th 
case 9.3 x 9.6 x 2.3cm. M eter s1ze 8.5cm. Supplied 
w ith leads and carrying case. 

£16.60 
Please add £1 .SO 
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For 

Sloping Front Boxes 

Double Angle Desk Consoles 

or 

Overhang Fascia Display Cases 

You Are? 
Then look no further 

You're looking for one of our 

TOPBOXES 

Truely hundreds of options 
and 

Our prices won't make your eyes water 

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

Tel: 01-221 3642 Telex: 261306 

WW - 042 FOR FURTHER DETAILS 

WIRELESS WORLD OCTOBER 1981 

Here is the 
expertise you 
can depend on-

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

Why compromise? 

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

CLARK W.T.16 vehicle
mounted in a Saviem
Renault. An air-operated 
telescopic mast mainly 
used for raising heavy 
antennas and 
instruments. 
Extended heights 3.2m. to 
30.5m . . 

~LARK MASTS LTD. 
1:. 
~ Bmstead, . 

Isle of Wight, / ,-. 

P033 3PA, England. -
. Telephone: Ryde (0983} 63691, Telex: 86686. 

WW- 011 FORFURTHER DETAILS 

WIRELESS WORLD OCTOBER 1981 

The EP4000 is not just an EPROM Programmer • • • 
Not only does the 
EP4000 copy, store, 
program and duplicate 
the 2704/2708/2716(3) 
/2508/2758/2716/2516/2532 
and 2732 EPROMs 
without personality 
cards or modules, but 
also includes a video 
output for memory map 
display to make the 
powerful editing 
facilities really useful 

· (and this is in addition to 
the in-built LED display 
for stand-alone use), but 
it also comes as standard 
with comprehensive 
input/output- RS232, 20mA loop, TTL, 
parallel handshake, cassette, printer and direct 
memory access. Now the programming power 
·can be expanded with our range of add -on · 
accessories listed below. 

Made in 
the U.K. 

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

the external system so that data changes, 
entries, editing and downloading can be 
implemented. When the program is complete 
and working, the simulator cable can be 
replaced by an EPROM programmed by the 
EP4000. 

••• with real technical back-up and service. 
The EP4000 comes with a technical manual 
describing every aspect of the machine - its 
purpose, its use, and how to use it. It also has a 
section describing the whole process of 
program development. 
And if you ever need technical help or advice, 
you can now dial direct to our technical 
department for instant attention - Tel. (0803) 
863380. tr 

Finally, a full range of accessories in now 
available - these include Bipolar programming 

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

G .P. Industrial Electronics Ltd. 

Unit 6, Totnes Industrial Estate Totnes, Devon TQ9 SXL 

Tel. Sales (0803) 863360. Technical (0803) 863380 
Telex: 42596 GPELEC 

WW- 050 FOR FURTHER DETAILS 
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Worth • • wa1t1ng fi 
system which ensures 

fair and orderly or... distribution 
Your Quad 

Reaction from ptess, dealer has full details. 
trade and public to the Quad We are increasing 

WIRELESS WORLD OCTOBER 1981 

ESL-63 has been rapturous. production as quickly as 
Hardly surprising since the possible but to do so without 
virtues of the '63 are so compromising product 

You will have to wait to 
acquire a pair of Quad 
ESL-63s, but in these 
gloomy days it is comforting 
to be associated with another 
Quad, hence British, success 
and your patience will be 
rewarded by many years of 
listening pleasure. 

readily apparent to all but quality necessarily limits the 
the most jaundiced listeners.· rate at which this ·can be 

Orders are pouring in done. We have allocated a or an 
from all over the world and major portion of • • • 
demand far exceeds initial production to meet 1 ~ 

~~~fJ~!i~~ ;~:::;~~~~rer ~~ IT.It~::k~{s of ap010gy .tOr 
to have a full order book· but · . Of course we have 
frustrating for potential ' 
customers. 

To alleviate the problem, 
we have devised an ordering 

to export Quad needs 
the prestige and 
Great Britain needs the 
currency. 

success. 

The Quad ESL-63 
is well worth .waiting fo:& 

QUAD. 
for the closest approach 

to the original sound 

The Acoustical Manufacturing Co. Ltd, Huntingdon PE18 7DB. Telephone: (0480) 5256i 
QUAD IS a reg1stered trade mark . • 

WW- 007 FOR FURTHER DETAILS 
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Data recording and analysis: 
meet the time shrinker! 

If you need to record and analyse data analogue and digital inputs from most 
from multiple inputs, consider the transducers. Cards are available at low 
advantages of using the Microdata cost to condition virtually every type of 
M1600L data logger. electrical signal, to reconfigure the 

Magnetic tape cartridge Because it instrument for different projects. No other 
records on a standard 1/4 inch magnetic data logger offers these facilities . 
tape cartridge in ECMA/ANSI format, the Exceptional versatility The M1600L 
output can be replayed at high speed into a is available either as a mains powered, 
computer, calculator or other data free-standing, laboratory instrument or in 
processing equipment. Alternatively, the the portable weatherproof form operating 
internal replay facility of the data logger from its internal batteries. For more 
can be used. No other data logger has this permanent installation in existing 
capability. systems, it can be supplied in chassis form 

Individual conditioning cards for mounting in a 19 inch rack. No other 
Individual, plug-in signal conditioning data logger displays thts versatility. 
cards are used -one for each of the 20 input The M1600L is now widely adopted 
channels (expandable up to 100). As a for projects in energy, transportation, 
·result, each customer receives a bespoke agricultural and environmental research. 
instrument ready to handle mixed If you would like further details, please 

·SIEMENS 

The all-standard 
TV aerial tester- for 
both the profession.al 

·_and enthusiast 

WW - 027 FOR FURTHER DETAILS 

write, telephone, orreturn this 
advertisement clipped to your 
letter heading. 

MICRO DATA LIMITED, MONITOR HOUSE, 
STATION ROAD, RADLETT, HERTS. WD7 8JX, 
ENGLAND. Telephone: RADLETT (09276) 3333. 
Telex: 924937. 

11 

The Siemens S43202-M-C TV Antenna Level 
Meter is a portable, self-contained unit which 
greatly simplities antenna orientation to receive TV 
signals including those of foreign transmission. 
Signals are visually monit<;>r~d on the i.~tegral , 
70mm diameter screen, g1v1ng the fac1hty of 
detecting ghosting, unlike meters relying on 
directional pointers. 

Od'lil 

· The unit is very accurate, yet remarkably simple to 
operate and embodies all the technological 
sophistication allied with supreme reliability for 
which Siemens is recognised. 
Contact Telecommunications Test Equipment 
Department at 
Siemens Limited, Siemens House, Windmill Road, 
Sunbury-on-Thames, Middlesex. 
Tel. Sunbury-on-Thames 85691 
Telex 8951091 

A Siemens tester for all standards 

WW - 012 FOR FURTHER DETAILS 
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inc air 1181 ersonal Com 
the. earl o system 
that grows with you. 
1980saw a genuine breakthrough
the Sinclair ZXBO, world's first com
plete personal computer for under 
£100. Not surprisingly, over 50,000 
were sold. 

In March 1981, the Sinclair lead 
increased dramatically. For just 
£69.95 the Sinclair ZX81 offers even 
more advanced facilities at an even 
lower price. Initially, even we were 
surprised by the demand -over 
50,000 in the first 3 months! 

Today, the Sinclair ZX81 is the 
heart of a computer system. You can 
add 16-times more memory with the 
ZX RAM pack. The ZX Printer offers 
an unbeatable combination of 
performance and price. And the ZX 
Software library is growing every day. 
Lower price: higher capability 
With the ZX81, it's still very simple to 
teach yourself computing, but the 
ZX81 packs even greater working 
capability than the ZX80. 

l_t uses the same micro-processor, 
but Incorporates a new, more power
fui8K BASIC ROM- the 'trained 
intelligence' of the computer.· This 
chip works in decimals, handles logs 
and trig, allows you to plot graphs, · 
and builds up animated displays. 

And the ZX81 incorporates other 
operation refinements- the facility 
to load and save named programs 
on cassette, for example, and to 
drive the new ZX Printer 

Every Z~81 corT)es with a comprehensive, specially- written 
manual - a complete course in BASIC programming, from 

. ·first pnnc1ples to complex programs. 

£ 95 

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

The secret lies in a totally new 
master chip. Designed by Sinclair 
and custom-built in Britain, this 
unique chip replaces 18 chips from 
theZX80! 

New, improved specification 
• ZBOA micro-processor- new 
faster version of the famous Z80 
chip, widely recognised as the best 
evermade. ·· · 
• Unique 'one-touch' key word 
entry: the ZX81 eliminates a great 
deal of tiresome typing. Key words 
(RUN, LIST, PRINT, etc.) have their 
own single-key entry. 
• Unique syntax-check and report 
codes identify programming errors 
immediately. 
e Full range of mathematical and 
scientific functions accurate to eight 
decimal places. . 
• Graph-drawing and animated
display facilities. 
• Multi-dimensional string and 
numerical arrays. 
e Up to 26 FOR/NEXT loops. 
• Randomise function- useful for 
games as well as serious applications. 
e Cassette LOAD and SAVE with 
named programs. 
e1K-byte RAM expandable to 16K 
bytes with Sinclair RAM pack. 
• Able to drive the new Sinclair 
printer. 
• Advanced 4-chip design: micro
processor, ROM, RAM, plus master ~ 
chip -unique, custom-built chip 
replacing 18 zxao chips . 

Built: 
£69.~ 
Kit or built -it's up to you! 
You'll be surprised how easy the 
ZX81 kit is to .build: just four chips to 
assemble (plus, of course the other 
discrete components) -a few hours' 
work with a fine-tipped soldering iron. 
And you may already have a suitable 
mains adaptor- 600 rnA at 9 v DC 
nominal unregulated (supplied with 
built version). 

Kit and built versions come com
plete with all leads to connect to · 
your TV (colour or black and white) 
and cassette recorder. 

WIRELESS WORLD OCTOBER 1981 

ter· 

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

Use it for long and complex 
programs or as a personal database. 
Yet it costs as little as half the price 
of competitive additional memory. 

With the RAM pack, you can 
also run some of the more sophisti
cated ZX Software- the Business & 
Household management systems 
for example. 

sinclair 
ZX81 
6 Kings Parade, Cambridge, Cambs., CB21SN. 
Tel: (0276) 66104& 21282. 

Available now~ 
t"e II Printer 
for only £49.95 

Designed exclusively for use with 
the ZX81 (and ZX80 with 8K BASIC 
ROM), the printer offers full alpha
numerics and highly sophisticated 
graphics. 

A special feature is COPY, which 
prints out exactly what is on the . 
whole TV screen without the nee'd 
for further intructions. 

At last you can have a hard copy 
· of your program listings -particularly 

How to order your ZX81 
BY PHONE -Access, Barclaycard or 
Trustcard holders can call · 
01-200 0200 for personal attention 
24 hours a day, every day. 
BY FREEPOST- use the no-stamp
needed coupon below. You can pay 

useful when writing or editing 
programs. 

And of course you can print out 
your results for permanent records 
or sending to a friend. 

Printing speed is 50 characters 
per second, with 32 characters per 
line and 9 lines per vertical inch. 
· The ZX Printer connects to the rear 
of your comp'"'ter- using a stackable 
connector so you can plug in a RAM 
pack as well. A roll of paper (65ft 
long x 4 in wide) is supplied, along 
with full instructions. 

by cheque, postal order, Access, 
Barclaycard or Trust card. 
EITHER WAY - please allow up to 
28 days for delivery. And there's a 
14-day money-back option. We want 
you to be satisfied beyond doubt -
and we have no doubt that you will be. 

r r:-s::l~::.:;, ~,;;E;;0-;1~=b~~;;,;--- ---- -o::r"l. 
I I 
I I 
I I· 
I I 
I I 
I I 
I I 
I I 
I· 0 Please tick it you require a VAT receipt TOTAL£ ·I 
I *I enclose a cheque/postal order payable to Sinclair Research Ltd , for £ I 
I *Please charge to my Access/Barclaycard/Trustcard account no. 1 
I *Please delete/complete as applicable. l _L I I I I I I I I I _j__l__j___j 1 

Please print 

I Name: Mr/Mrs/Miss ~_L l_j _ _ L_J I 
I Address: L_LI I I I I I 1 I I I I J I 
I l I I I I I I I . I t . I _l _ __j__ ~ l _j_ I I I I I 
L~~~~~~~~~~~~~~~~~----~~~ 
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High quality, plated thru hole prin ted circuit board. solder resist and silk 
screened componen t identif ication. 6 502 microprocessor. 1 K monitor 
TANBUG. Now with Y Bug 1 K RAM for user programme. stack and 
display memory . VDU alphanumeric display of 16 rows by 32 characters 
MICROTAN 65 system file bmder. 136 page. bound, users hardware/ 
software manual with constructional deta ils and sample programmes 
log1c and dtscrete components to fully expand MICROTAN 65 

The MICROTAN 65 kit has won widespread acclaim for 1ts superb 
presentation. We pay attention to detail' 

KIT FORM £69.00 + £10 .35 VAT, total £79.35 

MICROTAN 65 assembled and tested. 
Specifi cation as above. but assembled and fully bench tested by ourselves 
£79.00 + £11.85 VAl. total £90.85 . 

MICROTAN 65 OPTIONS 
LOWER CASE PACK MINI MOTHER BOARD 
Two integrated circuits which connect Used to connect Micro tan to Tan ex 

~~]~~~~;';~nBs ~i~p~a1yCaRb~:~~aracters Bu ilt £10.00 +VAT 

£9.48 -+' £142. tota l £1 0.90 

GRAPHICS PACK 
Five integrated circuits which connect into locations on l\i11CROTAN 
allowing the display of chunky graphics (64 x 64 pixels ) What are 
chunky graph tcs7 Well, imagine a p1ece of graph paper with 64 squares 
verttcally and 64 squares honzontally, a total ol 4096 . Each square can 
be made black on white 

£6.52 +VAT. 98p, total £7.50 

20 WAY KEYPAD 
Inexpensive means of getting up and runmng Uses 'Schoeller' key
switches. and connects to MICROTAN through a 16 p1n DH. plug on 
rtbbon cable . Black anod1sed escutcheon. with TANGERINE legends. 
ftmshes off what must be the best value for money keypad available 
Available assembled and tested 

£ 10.00 +VAl £1 .50. total £11.50 

·space Invaders game (for use w1th keypad only) 
£15.22 +VAl £2.28 total £17 .50 

POWER SUPPLIES 
MPS 1· Input 120 or 240V AC . Output 5 Volts at 3 Amps Regulated 
MPS 1 Willpower both MICROTAN and TAN EX fully expanded Bui lt on 
the same me pnnted circu1 t board as MICROTAN etc. Availa ble as a 
lully built and tested un1t. ' 

£23.00 = VAT. £345, total £26.45 

X MPSZ +5V 6A. + 12V. - 5 and - 12V switch mode system PSU 
£69. 13 +VAT 

MINI-SYSTEM RACK 
We have produced a mini -system rack which accepts MJCROTAN 65. 
TANEXann our mini -mother board. It has an integral power supply, just 
plug it 1nto the matns and away you go' Ftnished tn TANGERINE/BlACK. 
11 gives your system the proless 10nallinish. Front panel access tor 110 
cables. AVAILABLE AS AN ASSEMBLED UNIT. 

£43.00 + V.A.T. £6 45. total £49.45 

FULL SYSTEM RACK 
For the man that has everything' 19 inch w1de 
system rack whtch accepts MICROTAN 65, TANEX. TANRAM. SEVEN 
FURTHER EXPANSION BOARDS. TANDOS and THE SYSTEM POWER 
SUPPLY. Available'in many fo rmats. e.g Individual front panels. lull 
Width htnged front panel. back panel wtth or \'lith out connectors 

£ 4 9 .00 + V.A.l £7. 35, total 

WIRELESS WORLD OCTOBER 1981 

TANGERINE ~~:'iE~:R 
LONDON & HOME COUNTIES STOCKI 

FULLY 
BUILT, 
TESTED, 
and housed in 
ATTRACTIV E 
CASES. 

tnc. VAT . P&P 

6502 based microcomputer VDU alpha numeric display. Powerful 
monitor TAN BUG. BK RAM . 32 parallel I/O lines. 2 TTL serial I/O lines 
Four 16 Bit counter timers. Cassette interface. Data bus buffering. 
Memory mappmg contol 71 key ASCII Keyboard. including numeric 
keypad Includes power supply. Also includes the first '1 OK MICRO
SOFT BASIC· available in the UK All the usual BASIC commands 

TANEX£43.00 Minimum 
Con fig Kit 

+VAl £645. total£49.45 CONTENTS 
High quality plated thru hole printed circuit board, solder resist and silk 
screened component identification. I. C. sockets for maximum expansion. 
64 Way D.I.N. edge connector. 1K RAM; cassette interface. 16 parallel 
1/D Iones. aT T.L. senall/0 port, two 16 bit counter timers. data bus 
buflering. memory mapping, logic and discrete c~~~i:tlJJ~\ 
maximum expansion . TAN EX users manual .-

TAN EX (Minimum configuration) Assembled 

£53.00 +VAl £795, total £60.95 

TANEX EXPANSION 
Expanded. T ANEX oilers: 7K RAM. 
locations for 4K EPROM (2716), 
locations for 1 OK extended 
MICROSOFT BASIC, 32 parallel I/O 
lines, two TTL serial I /0 ports. a 
third serial I/O port w1th 
RS232/20mA loop, full modem 
control and 16 programmable-baud 

r--------------.,.---...-------1 rates." four 16 bit counter timers. 
cassette interface. data bus 
buffering, and memory mapping. 

TAN RAM 
AVAILABLE NOW TANRAM - 40K Bytes on 
one board' Single board of bulk memory 
altering 7K Static RAM (2114). and 32K 
Dynamic RAM (41.16) On board refresh is 
totally transparent to CPU operation and is 
unaffected by normal DMA's. TAN RAM lully 
expands the available address space of the 
6502 microprocessor MICROTAN, TAN EX and TANRAM together 
prov1de 16K RAM. 48K RAM. and 1K 1/0- that's a lot of memDfy 
and a lot oll/01 Built and tested . TANRAM ASSEMBLEQ. 

40K RAM CARD with 16K DYNAMIC RAM £76 +VAT 
CONTENTS High quality plated thru hole printed circutt board. solder 
resist and silk screened component identification. Full complement of 
LC. sockets for maximum expansiOn. 64 way D.I.N . edge connector 
.1 K RAM (2114) Oat a bus buffering. TAN RAM users manual 

EXTRA RAM: , 
1 K STATIC (2114) £2.95 each 16K DYNAMIC (4116) fl. 50 each 

MEMORIES EXPAND YOUR SYSTEM WITH OUR TANGERINE 
Discounts 10% for 4. 15% for 8. 20% for 16 APPROVED CHIPS. 
2102 1 K x 1 Static RAM 80p . IM 6402 UART £4.50 
2708 £3.50 2114 1 K x 4 Static RAM £2.95 
2 716 £6.50 . aoaoA £5 no 
MK 4116 16K x 1 Dynam1c RAM . 
£1.50 All US VAT 4118 1K x 8 Static RAM £7.50 

MONITORS (PROFESSIONAL) 
RECONDITIONED AND NEW- FROM £35.00 to £129.95 

CENTRONICS Idea l for Tangerine 

PRINTERS @ .. ... 
CENTRONICS P I£ 150. .. • . VtJT .. - .. ··· · .· . . ,.- ... · 
SHEIKOSHA £ 199 +Wrr . · ' · b .·· 
Model 730 £350 +VAl 

Model 737 £395 +VAT 

NEW MICROTANTEL 
POST OFFICE APPROVED 
PRESTEL- VIEWDATA 

EXPANDED TAN EX KIT (Excludes ROM. XBUG and BASIC) 

£89.70 +VAT. £13.46. total £103.16 
EXPANDED TANEX ASSEMBLED 

£99.70 +VAT £1496, total £114.66 

OPTIONS TO FULLY EXPANDED TAN EX IN SIMPLE 
INEXPENSIVE STAGES. 

10K Extended MICROSOFT BASIC in EPROM (with manual) 
£49.00 +VAT. £7.35. total £56.35 . 

Extra RAM 1K(2 x 2114)£5.20+VAT. 78p, total £5 .98. 

SERIAL I/O KIT £10.26 +V.A.l £160. total £1180 
6522 VIA £8.0D +VAT £1.20. total £9.20 
X8UG £17.35 +VAl £2 .60. total £19.95 

AS YOU CAN SEE THE PRICES OF OUR EXPANSION 
COMPONENTS ARE VERY, VERY COMPETITIVE! 

Z8 CONTROLLER CARD £150.00 •VAT 

DOUBLE SIDED DOUBLE DENSITY DRIVE 

£215. 00+VAT 
CP/M DISK OPERATING SYSTEM 

£80 •VAT 

71 KEY ASCII KEYBOARD £56.34+VAT 
NO EXTRAS NEEDED. 
Uses gold crosspoint keys. Includes numeric keypad and ribbon cable 
Available as fully assembled and tested 

SUPER METAl CABINET IN TANGERINE/BLACK 

£20.00 + V.Al f3 00. total £23 00 

PROFESSIONAL ASCII KEYBOARDS 
Ideal for 
Tangerine 
£29.95 +VAT 
• 52 key 7 bit ASCII coded • Superbly made 
• Positive strobe +5V-12V • Size 13 x 5.5 x 1.5 ins 
• ASCII characters • Black keys w1th white ledgens 
· Parallel output with strobe · Escape shill re turn & 
• Power light on control reset keys 
· Chip by General instrument • Control repeat & bell keys 

• FULL COLOURGRAPHICS • MICROTAN 
OWNERS CAN COMMUNICATE WITH EACH 
OTHER • CAN STORE PRES TEL • CAN BE 
USED AS AN EDITING TERMINAL • CAN BE 
INTERFACED WITH PET. APPLE etc. 

(GJ) TTL output ·Complete with DATA 

£ 17 0 1AAiDiiDn _'iOw_A_c_o-mp-a-ct-:1-2-bu_tt..:..on-k-ey-p-ad----;:========-

+ V.A.T KEYPAD suitable for use with above 

Just connect to the aerial socket of any colour or black and white 
domestic T.V. receiver and to your Pos t Otlice Installed 1ack socket and 
you are into the exciting world of PRESTEL. Via simple push button use 
you are able to view 1 70.000 pages olup to the mim1te information on 
many services. order goods hom companies· all this withou t leavtng 
your armchai r! 

keyboard to elctend its functions 
plus four extra keys. Supplied 
brand new with data. A non
eneoded single mode keyboard. 

ACOUSTIC & VIBRATION 
BRUEL & KJAER 
2113 Audio Frequency Spectrometer 1400 
2203 Sound Level Mete~ 450 
2305 Level Recorder 650 
4230 Sound Level Calibrator 95 
4424 Noise Dosemeter 375 

BRIDGES Et V and I STANDARDS 
BONTOON 
71AR LC Bridge 150 

GENERAL RESISTANCE 
DAS56 DC V and I Calib 1 iJV-1 OV 30m A 600 

HEWLETT PACKARD 
4261A Digital Automatic LCR Bridge 975 
4342 QLC Meter 22 KHz-70 MHz 1100 
MARCONI 
TF868A Universal LCR Bridge 250 
TF1313 Universal LCR Bridge 350 

WAYNE KERR 
B224 LCR Bridge 0.1% 500 
8521 LCR Bridge 115 

COMMS & CABLE TEST 
EQUIPMENT 

CHASE 
35A Reid Strength Meter 20-850 MHz 6DO 

HEWLETT PACKARD 
3556A psophometer 20Hz-20KHz 25D 

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

TEKTRONIX 
1502 TOR Cable Tester CRT + Recorder 2950 

COMPUTER EQUIPMENT 
CENTRONICS 
702 matrix printer 5DO 

TEKTRONIX 
46 ! 0-1 Hard copy printer for 4010 series 
computer display terminals 1800 

COUNTERS Et TIMERS 
FLUKE 
1910A-1125 MHz 7 digit Cntr. AC/ Batt 3DO 
191 1 250 MHz 7 Digit Counter 298 
1912 520 MHz 7 Digit Counter 375 
1912A01 As 1912A but inc. re-charging 
batteries 430 
1920A 520 MHz 9 Digit Counter inc . Brst. 
m~e ~5 

1920A 14 1250 MHz otherwise as 1920A 75D 

HEWLETT PACKARD 
5300A 6 Digit Display Unit- P /in reqd. 99 
53058 1300 MHz Counter for 5300 325 
5308A 75MHz CounterTfmerfor5300B 112 

RACAL 
9024600MHz7Y, digitCounter 220 
9025 1 GHz 8 digit Counter 450 
9905 200 MHz 8 digit Counter Timer 360 

SYSTRON DONNER 
60533GHz9digitCounterBCDO/P 79D 
51038 Strip Printer for 6053/6054 375 

DIGITAL TESTING EQUIPM ENT 
HEWLETT PACKARD 
1600A Logic Analyser 16ch 20M Hz 230D 
1607 Logic Analyser 16ch 20 MHz 1500 
5011T Logic troubleshooting kit 125 

TEKTRONIX 
7001 F Logic Analyser 16ch 50 M Hz P /in 2650 
632 Datacomm Test V24/ RS232/ I Ioop 1150 

MAINS TEST EQUIPM ENT 
COLE 
T1007 Volt/Freq/Spike Monitor Rec 0/P 110 

DATALAB 
DL019 Mains Interface for DL905 300 

GAY 
LDM AC/DC/ Spike/Time inc Printer 1250 

MISCELLANEOUS 
AVO 
RM215 AC/DC Breakdown/Leakage Tester 475 

·CO MARK 
1601BLS Thermom lOch 87 + 1000°C type K 75 
N. B. Thermocouples not included 

DATALAB 
DL901 Digital Transient Recorder 5DO 

HEWLETT PACKARD 
X382A Rotary Vane Attenuator WG16 175 

MULTIMETRICS 
AF120 Dual H/Pass L/Passactive 
filter 20Hz - 2M Hz , 600 

TEKTRONIX 
521PAL Vectorscope 2200 
528 TV Waveform Monitor 750 
575 Semiconductor Curve Tracer 425 
1485C TV Waveform Monitor PAL/NTSC 2300 

NETWORK ANALYSERS/ 
PHASEMETERS 

DRANETZ 
3058/3001 Phasemeter2Hz-700KHz 990 

HEWLETT PACKARD 
8405A Vector Voltmeter 1-1000 MHz 2000 
8414A Polar Display for8410 N.W.A. 700 

THIS MONTH'S 
SPECIAL OFFERS 

PHILIPS PM 8251 
CHART RECORDER 
single pen writing on 
10 Inch chart paper. 
12 chart speeds + 

12 voltage Input ranges 
from 3.5mV to 50V F.S.D. 

£325 

HEWLETT PACKARD 
427A MULTI-FUNCTION 

METER 
with linear and dB scale. 

DC Volts 100mV-1000V F.S.D. 
AC Volts 10mV-300V 

(10Hz-1MHz) 
OHMS 10D-10MD F.S.D. 

Battery operated 
£135 

PHILIPS PM 5129 
FUNCTION GENERATOR 

1 mHz to 1 MHz sine/ 
square/triangle/pulse/ 

ramp 30V p.p. output max. 
Variable over 60dB. 

Internal FM and sweep 
Single shot and burst modes 

± 10V variable D.C. offset. 
£595 

ONE YEAR GUARANTEE 
CONTACT US FOR A CASH QUOTE ON 

YOUR UNDER-UTILIZED TEST EQUIPMENT. 

OSCILLOSCOPES & 
ACCESSORIES 

GOULD ADVANCE 
OS3300B 50 MHz 1mV 2 Trace 2J base 676 

HEWLETT PACKARD 
1B04A 50 MH2 20mV 4 Trace Plug-in 625 
1825A Dual Timebase Plug-in 500 
1805A 100 MHz 5mV 2 Trace Plug-in 625 

PHILIPS 
PM321115MHz2mV2TraceTVtrig 39D 
PM3212 25 MHz2mV 2 Trace TV tr ig 550 
PM3244 50 MHz 5mV 4 Trace 2T base 1450 
PM3260 120 MHz 5mV 2 Trace 2T base 1450 
PM3262 100 MHz 5mV 2 Trace 2T base 
TrView 1150 

TEKTRONIX 
465100 MHz 5mV 2 Trace2T base. 1150 
465B 100 MHz 5mV 2 Trace 2TB, inc Probes 1650 
475200MHz2mV2Trace2Tbase 1750 
485 350 MHz 5mV 2 Trace 2T base 2300 
661/4S3/5T1A 1 GHz Sampling scope 775 
7A12105 MHz 5mV 2 Trace Plug-in 300 
7A18 75 MHz 5mV 2 Trace Plug-in 400 
7A19 500MHz 10mV 1 Trace Plug-in 950 
7A22 1M Hz 10~V Differential Plug-in 575 
7A24 350 MHz SmV 2 Trace Plug-in 950 
7 A26 200M Hz 5mV 2 Trace Plug-in 625 
7B53A 2 Timebase Plug-in 100 MHz Trig 500 
7B80 Single Timebase 400 M Hz Trig 550 
7B85 Timebase with delay 400 MHz Trig 650 
7603100MHz CRTr/out3 slot M/Frame 1250 
7704A 200 MHz CRT r/out 4 slot M/Frame 1350 
7904 500 MHz CRT r/out 4 slot M/Frame 3900 
P6013A X1000 12KV Probe 95 
P6201 FET Probe DC-900 MHz 300 

TELEQUIPMENT 
D63/V1/V1 15M Hz 2 Trace 1 mV 525 
D83/V4/S2A 50 MHz 1mV 2 Trace 2T 
Big CRT 750 
D101515MHz5mV2TraceTVtrig 296 
S1A SingleT /base Plug-in 50 MHz trig 135 

VUDATA 
PS935/975 35M Hz 5mV 2 Trace- unit has 
built-in 3 Y, digit DMM + 3 Y, dig. enter 675 
Note: we hold a range of cameras P.O.A. 

OSCILLOSCOPES (STORAGE) 
HEWLETT PACKARD 
1703A35MHz 10mV2 Tr 2TB 1000 Div/ms 1400 

TEKTRONIX 
466100MHz5mV2Tr2TB 1350cm/IJS 2950 
603 Bistable Storage Monitor XYZ amps 750 
T912 10 MHz 2mV 2 Tr 1TB 250cm/ms 650 
7834 400 MHz 4 Slot M/ Frame 2500cm/ iJS 4990 

POWER MEASUREMENT 
FLUKE 
8921A 10Hz-20MHz4i Digit& Analogue 
TRMS dBm/V meter 500-1200f! & 10Mf! 885 

HEWLETT PACKARD 
8481A Type N Coax sensorfor435A 200 
478A Type N Coax sensor for 432A 90 

MARCONI 
TF2512 DC -500 MHz Powermeter 145 
TF893A 10Hz-20KHz Powermeter 135 

POWER SUPPLIES etc 
ADVANCE 
1V5S Inverter 24V DC to 240V AC 500W 300 

FARNELL 
FFSL 5 V- 20 A PSU module 100 
L30B 0-30V variable 1 A Metered 50 

FLUKE 
415B0-3.1 KVvariable30mAMetered 550 

HEWLETT PACKARD 
6966A 0-36 V variable 10 A metered 250 

MARCONI 
TF215411 0-30V variable Metered 75 

PHILIPS 
PE1646 0-75V variable 6A Metered V +I 495 

PULSE GENERATORS 
ADVANCE 
PG57 10Hz-50 MHz 10V 50f! Vari RT 6ns 190 

EH RESEARCH 
132 10 Hz -3.5 MHz 50V 50f! RT10ns2 pulse 120 

MARCONI 
TF2025 0.2 Hz-25 MHz 10V 500 RT7ns 2 
pulse 350 

RECORDERS & ACCESSORIES 
BRUNO WOELKE 
ME102B Wow and Flutter meter 75 

BRYANS SOUTHERN 
BS314 Chart 10" 4 Pen 16speed 1950 
BS316 Chart 10" 6 Pen 16 speed 2500 

HEWLETT PACKARD 
7015A XY 1 pen A4 size 700 
7046A XY 2 pen A3 size 995 

MEDELEC 
M /scope Combined 4 ch scope + UV rec'dr 1900 

SELABS 
994 6 ch galvo preamp + DC bridge supply 450 
6008 UV chart 8" 25 ch 16 speed 950 
6150/51 UV recorder 12 ch-ine 6 champs 1000 

SMITHS 
RE541 ChartS" 1 penS speed 250 
RE501/4701 Cht4" + XY 1ch 10spd 
AC Batt 200 

SOLARTRON 
3240 Modular Data Logger system P.O.A. 
Note: UV recorders are priced less galvos 

SIGNAL ANALYSIS . 
EQUIPMENT 

MARCONI 
TF2300A Mod Meter 1 MHz-1 GHz AM/FM 450 
TF2330 Wave Analyser 20Hz-50 KHz 426 
Note: see also "Spectrum Analysers" 

SIGNAUFUNCTION/ + SWEEP 
GENERATORS 

ADVANCE 
SG63D Generator4-230 MHz AM/FM 200 

GENERAL RADIO 
1362 Generator 220-920 MHz 375 

HEWLETT PACKARD 
8640B Generator500 KHz-512MHz 
AM/FM Phase Lock 3800 
6188 Generator3.8-7.5GHz 975 
612Generator450-1230MHz 750 
614Generator0.8-2.1 GHz 825 

MARCONI 
TF144H/4S Generator 10 KHz-72MHzAM 550 
TF801D Generator10MHz-470MHzAM 180 
TF2012 Generator 400·520 MHz FM 550 

PHILIPS 
PM5127 Function 0.1 Hz-1 MHz Sin 
Sq Tri Rmp 450 

TEXSCAN 
9900 Sweeper 10-300 MHz 61in CRT disp 525 
VS60Sweeper5-1000MHz 890 

SPECTRUM ANALYSERS 
HEWLETT PACKARD 
141T /8552B/8555A Complete .01-18 GHz 8500 
3580A 5 Hz-50 KHz with digi store disp 2450 
8445A Pre-selector0.01 -18GHz 2000 
8558B 0.1-1500 MHz Plug-in for 180series 3750 

VOLT/MULTI-METER 
(ANALOGUE) 

AVO 
8Mk4AC/DC/-VI+rt 70 

BOONTON 
92C AC/RF 10 KHz-1.2GHZ ~mV-3V 350 

HEWLETT PACKARD 
400E 10Hz-10MHz 1mV-300V DC 0/P 285 
400H 10 Hz-4 MHz 1 mV-300V 75 
411A 0.5-500MHz 10mV-10V DC 0/P 175 
3400A TRMS 10 Hz-10MHz 1mV-300V 
DC 0/P 390 

MARCONI 
TF260350KHz-1.5GHz300~JV-3V 300 
TF260420Hz-1.5GHz300mV-300V 425 

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

RACAL 
9301 RMS 10 KHz-1.5 GHz 100~JV-300V 550 

VIBRON/E.l.L. 
33B-21mV-1V Electrometer 200 

VOLT/MULTI-METER(DIGITAL) 
ADVANCE 
DMM7A 1999FSD AC/DC/V/1/n 100 

BOONTON 
92AD 1999FSD 10 KHz-1 .2 GHz 101-'V res 525 

FLUKE 
8010A2000 FSD TRMS AC/DC/VIrt 140 
8010A01 As8010A + re-charging batteries 159 
8020A 2000 FSD Handheld 
AC/DC/VIf! + cond. 99 
8022A 2000 FSD HandheldAC/DC/VIrt 75 
8030A-1 2000 FSD AC/Ot/VIrt Batt+ AC 165 
8050A 2()()()() FSD AC/ DC/VIf! dB TRMS 215 
8800A 200000 FSD AC/DC/Vf! &50 

HEWLETT PACKARD 
3490A 100000FSD AC/ DC IV !n 625 

SOLARTRON 
A200 19999FSD DC only 11JV-1 KV 
A20319999FSD AC/DC/V/9. 
A20519999FSD TRMS AC/DC/V/n 

Carston 
Electronics Ltd 
01 -267 5311 
Shirley House, 27 Camden Road, 
London NW19NR. Telex: 23920. 

Full details and specification of equipment listed, available. Because of long copy dates this list is not comprehensive- ring for Inventory 
update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT. 
We take Access or Barclaycard. 
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NewLine of 
Wave Solderable 
Heat Sinks 

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

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

For product samples and full technical literature 
contact MCP Electronics. 

SOLDER ABLE 
STUD 

WIRELESS WORLQ OCTOBER 1981 

MCP Electronics Ltd., IFill.,h II I f 1. · I 38 Rosemont Road, Alperton, Wembley, Middlesex. . • I erma ov n erna IOna 
Telephone 01-902 5941. Telex: 923455. Advanced technology in semiconductor accessories. 

The microphone for mobile 
radio, with DTMFsignalling 
and optional ANI,· brings 
greater system flexibility to 
your telecom network. 

WW- 014FORFURTHERDETAILS 

METER PROBLEMS? 

4 8 

; For further information contact the sole ,agents 

Interface 
Q.uartz 

Devices 
Limited 

1 3 7 Standard Ranges in a variety of 
sizes and stylings available for 1 0-14 
days delivery . Oth·er Ranges and 
special scales can be made to order . 

I!Jjif) 29 :Vlarket Street 
Crewkerne 

Some1set TAI8 7JU 

, ;;l~:~~2n;3 (~1~~~ ~4433 

WW- OIOFORFURTHERDETAILS 

F'ull Information from: 

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

Telex: 892301 HARTRO G. 

WW - 021 FOR FURTHER.DETAILS 
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TH EE FOR FREE/ 
FROM Gsc /('ltlrflber~o 12 

EXPERIMENTOR BREADBOARDS 
No soldermg modular breadboards, simply plug 
components in and out of letter number identified 
nickel-silver contact holes. Start small and simply 
snap-lock boards together to build a breadboard of 
any size 
All EXP Breadboards have two bus-bars as an ,ntegral 
part of the' board, if you need more than 2 buses 
simply snap on 4 more bus-bars with the aid of an EXP 
4B. 

EXP 325£1.60 The ideal breadboard IIIUJ -:c 
.,. ..•...•. 
mmmu 

for 1 chip circuits. Accepts 8, 14, 16 and 
up to 22 pin ICs. Has 130 contact points 
including two 10 point bus -bars . 

'"""'"1 i.h.:t!ffili •·. 

.. 
EXP 350 £3.15 Specially designed 
for working w ith up to 40 pin ICs 
perfect for 3 & 14 pin ICs. 
Has 270 contact points including 
two 20 point bus-bars. 

points, two 40 point 
bus-bars, the EXP 300 will accept any size IC and up 
to 6 x 14 pin Dl PS . Use this breadboard with 
Adventures in Microelectronics . 

EXP 660 £3.60 Has ·6" centre 
spacing so is perfect for 
MICROPROCESSOR applications . 

EXP 48 £2.30 Four 
more bus-bars in 
"snap-on" unit. 

The above prices are exclusive of P&P and 15% VAT . 

THE GSC 24 HOUR SERVICE 
TELEPHONE (0799) 21682 

With your Access, American Express, 
Barclaycard number and your 

mder will be in the post immediately 
GLOBAL SPECIALTIES CORPORATION 

Ei5C: 
G.S.C. (UK) Ltd., Dept. 7TT 
Unit 1, Shire Hill Industrial Estate 
Saffron Walden, Essex CB11 3AO 
Tel: Saffron Walden (0799) 21682 
Telex: 817477 

n'cs b'i No 11 , 
Available from selected stockists e.\ectr0 N 0 10, 

ELECTRONICS BY NU M BERn~S::_-~~·e~ct~s-.......ii&::-_...;;;;:--No. 10 SOIL MOISTURE TESTER L. pro I 
No more wilting houseplants with this soil 
moisture test. Just place the probes into the 
soil and it will light up to tell you whether 
the soil is "too wet" or "too dry". You 
don't even need green fingers. 

No. 11 DIGITAL ROULETTE 
The suspense and excitement of the casino 
in your own home. Just press the button, 
the circle of lights go round and there is the 
sound of the roulette wheel as well, both 
gradually slowing down to reveal the 
winning number. 

No. 12 EGG TIMER 
How do you like your eggs done, hard or 
soft, just set the timer and it will sound 
when the egg is done to your liking. Long 
battery life because it switches itself off 
automatically. So get cracking now! 
Want to get started on building exciting 
projects, but don't know how? Now using 
EXPERIMENTOR BREADBOARDS and 
following the instructions in our FREE 
'Electronics By Numbers' leaflets, 
ANYBODY can build electronic projects. 
For example, take one of our earlier 
projects. a L.E.D. Bar Graph; 

Displo! 
1/P 
+VE 

Dir.plar 
1/P 
-VE 

You will need; One EXP 300 or EXP 350 
breadboard 15 silicon diodes 
6 resistors 6 Light Emitting Diodes 
Just look at the diagram, Select R 1, plug it 
into the lettered and numbered holes on the 
EXPERIMENTOR BREADBOARD, do the 
same with all the other components, 

For full detailed instructions and layouts of 
Projects 10, 11 and 12, simply take the coupon 
to your nearest GSC stockist, or send direct 
to us, and you will receive the latest 
'ELECTRONICS BY NUMBERS' leaflet. 

If you have missed projects, 1, 2 and 3, or 4, 5 
and 6, or 7, 8 and 9, please tick the appropriate 
box in the coupon. 

PROTO-BOARDS 
The. ultimate 1n breadboards for the minimum of cost. 
Two easily assembled kits. 

PB6 Kit, 630 contacts, four 5-way binding posts 
accepts up to six 14-pin Dips. 
PROTO-BOARD 6 KIT £9.20 

connect to the battery, and your project's PH 1oo Kit comp with contacts accepts up to 
finished. All you have to do is fol.low the ten 14-pin Dips, with two binding posts and sturdy 
large, clear layouts on the 'Electronics by . base. Large capacity with Kit economy. 
Numbers' leafl~ts, and ANYBODY can build PROTO-BOARD100KIT£11.80 
a perfect workmg project. . 

r - - - - --IT'S EASY WITH G.S.C.-- - - - - 1 
TO RECEIVE YOUR FREE COPY OF PROJECTS 10, 11 and 12 

1 Just clip the coupon · For immediate action I 
Give us your name and full postal address (in, block The GSC 24 hour, 5 day a wee~ servtce. ·1 capitals). Enclose cheque, postal order or credit card Telephone (0799) 21682 and g•ve us your Access, I number and expiry date, indicating in the appropnate Amertc~n Ex~ress or Barclaycar_d number and your 

1 
b ( sl the breadboard(sl you require order will be tn :h:~:~t. '.m~~~tately. . . . . . . . . . . . . 1 

I ADDRESS..... I 
I I 
I I enclose cheque/ P.O. for£. . . I 

Debit my Barclaycard. Access, 

I American Express card No. . I I .. ... . Expiry date . I 
If you missed project No's 

I 
1to9tickbox. C

0 
I 

For Free catalogue tick box 

L 
GSC (UK) Ltd., Dept. 7TI, Unit 1, Shire Hill Estate, SaffronWalden, Essex, CB11 3AQ J 

Tel: Saffron Walden (0799) 21682- Telex : 817477 ------------------WW- 074 FOR FURTHER DETAILS 
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TRIO O S CILLOSCO P ES 

Range of mains operated Scopes with 5" displays, triggered 
sweep (UK c/p £3.50) 

DUAL TRACE 
CSI562A10 MHZ; 10 MV: 1 micro sec. 
CSI560A 1115 MHZ: 10mV: 0.5 micro sec. 
CSI566A 20 MHZ: SmV; O.S micro sec 
CSI577A 35 MHZ; 2mV: 0.1 micro sec. 
CSI830 Mk II 30M HZ. 2mV, 0.2 micro sec. 
(fitted delay line) 

£267.95 
£341.55 
£363.40 
£523.25 
£626.75 

CSI575 S MHZ, 1mV. O.S micro sec. Multt display Audio scofe. 
£3 2.80 

SINGLE TRACE 
CSI559A 10 MHZ. 10mV. 1 micro sec. 5" display Triggered 
sweep (UK c/p £3.50) £251.85 
COI303D S MHZ. 10mV. low sweep for observation below 1 HZ and up 
to 4fiD MHZ. 7Smm display (UK c/p £2.00) £124 20 
orttonal probes- all models. . 
X £8.50 X10£10.50: X1-X10£12.95 X1D0£16.95 

(UK c/p 65p or £1.00 for two) 
CHOOSE FROM UK's LARGEST RANGE 
KRT1011D range pocket 1K /Volt £4.50 
KRT100 12 range pocket 1K!Volt £5.50 
NH55 10 range pocket 2K/Volt · £6.50 
AT112 range pocket Deluxe 2K/Volt £7.75 
ST5 11 range pocket 4Kivolt £8.50 
NH56 22 range pocket 20K/Volt £1 1.95 
YN360TR 19 range plus Hfe Test 20K /Volt £13 50 
ST303TR 21 range plus Hfe Test 2DK /Volt £15.95 
KRT5001 16 range - range double SDK/Volt £16.50 
ATI020 19 range Deluxe plus Hie Test 20K /Volt £16:95 
ETC5000 fl,s KRT5001 plus colour scales SDK/Volt 

. £17.95 
7081 18 range- range double 10A DC SDK / Vol t £20 85 
TMK500 23 range Plus 12A DC Plus Cont. Buzzer · 
30K/Volt £22 75 
AT205 21 range Deluxe 10A DC SDK /Volt £25.75 

Multi-range clamps all wtth res istance 
range. carry case & leads. Also digital 
and DC clamp tn stock (UK c/p 75p) 
ST300 300A 600V 9 ranges £25.95 
ST310 300A 6DOV 9 ranges £29.95 
K2602 150A. 600V. AC 7 ranges £35.95 
*K2606 300A. 600V. AC 8 ranges £44.00 
K2803 300A, 6DOV. AC 9 ranges £53.95 
K2903 900A. 750V. AC 9 ranges £77.50 
K21031000A. 750V. AC 9 ranges £95.00 
*Op!tonal temperature probe £13.80 
ELECTRONIC INSULATION TESTERS 
Battery operated complete with carry 
case (UK c/p £1.00) 
YF50DL SOOV / 100Meg Plus 0-100 ohm 

£55.00 
K3103 600V / 100Meg Plus 0-2.6K ohm 

Reliable low cost portable instruments. bench models all 
25.5 x 15 x Scm . Generators mains operated rest battery 
(supplied). UK c/p Hand models 65p, bench£1.15) 

DIGITAL MULTIMETERS (3\t,. digit LCD) 
TM354 Hand held. DC 2A. 2m ohm. 1 mV - 1000V DC. 500v AC. 

TM352 Hand held. DC 10A. Hfe test. Continuity test 
TM353 Bench, 2A AC/DC, 1000V AC/DC. 20M ohm. 
Typical 0.25% 

£45.94 
£57.44 

£96.60 
TM351 Bench, 10A AC/DC, 1000V AC /DC. 20M ohm 
Typical 0.1% £113.85 
FREQUENCY COUNTERS (8 Digit) 
PFM200 Hand held LED. 200 MHZ. 10mV (600 MHZ wi th TP600) 

£57.27 
TF040 Bench LCD. 40 MHZ. 40mV (400 MHZ with TP600) £126.50 
TF200 Bench LCD. 200 MHZ, 1D-30mV (600 MHZ with (TP600) 

£166.75 
TP600 600 MHZ+ 10 Prescaler 10 mV £43.13 
GENERATORS (All bench models) mains operated 
TG100 Function. 1 HZ-100KHZ. Sine /SO/Triangle/TTL £90.85 
TG10Z Functton. 0.2 HZ-2 MHZ. Sine/SO/Triangle/TTL £166.75 
TG105 Pulse. 5 MHZ-5HZ (200nS-200mS) various outputs £97.75 
OSCILLOSCOPE (Bench model low power portable) 
10 MHZ 2" trace. 10mV. 0.1 micro sec. All facilities 
M{)del SC110 £159.85 
(Rechargable battery pack £8.63, AC adaptor/charger £5.69 . · 
OPTIONAL ITEMS 
Carry case (bench only) £6.84 AC Adaptors (state model) £5.69 

CROTEC H O S CILLOS C OPES 

Range of Portable Scopes mains and battery operated . 
Plus special features (UK c/p £3,.00) 

3030 Single trace 15 MHZ. 5 mV. 0.5 micro sees. Plus bu ilt in 
component tester. 9Smm tube £166.75 
3131 Dual trace 1S MHZ, trig to 35 MHZ. 5mV. 0.5 micro sec, 
130mm tube. plus component tester. £264.50 
3034 Battery-matns dual trace 15 MHZ. trig to 20 MHZ 
built in Ntcads. 5mV. 0.5 micro sees. ' £356.50 
(Eitmtnator charger optional £28.75) 

Also Available 3033. single trace 3034 
3035, 130mm 3030 
3337. dual 3D MHZ. 130mm 

(Optional Probes all models- see Trio above) 

£293.25 
£189.75 
£408.25 

LOGIC PROBE D I RECT READ 

H V PROBE 

C7080 26 range large scale 10A DC. SKV AC/DC · 
20K/Volt £27 50 
AT210 23 range Deluxe 12A AC/DC 100K/Volt £31 ·oo 
360TR 23 range Large scale 10A AC /DC Hfe Test SOM.eg 
ohm. 1KV AC / DC 100K /Volt £34.95 

£95.00 
K3106 500V & 1000V. 1000 & 2000Meg 

£104.00 
K4101 Earth resistance tester £136.50 
M500 Hand cranked insulation tester 

~ 
Leader LDP076 50 MHZ. 
10MEG ohm. 10n Se c. with ~ 

(UK c/p SOp per 1 to 3) 

Ava ilable BNC plug or Banana 
X1 £8.50: X10£10.50: 

T RIO GENERATORS 

~ 
IJl:j) 

AUOIO AND RF 
. MAINS OPERATED 

PORTABLE EQUIP
MENT (UK c/p £1.10) 
SG402 6 range RF 100KHZ - 30 MHZ± 1 5. INT /EXT 
MOD. 100 mV o/p Variable £68.00 
AG202A Matchtng 4 range Audio . 20HZ -
200KHZ Sine Squa re. Distortion 0.5-1% 
Variable o/p to 10V £78.20 
AG203 5 band 10HZ- 1 MHZ. Sine /Square O.SdB 
deviatton . Distortion Max. 0.1%Switched Alternator & 
vartable. £126 50 
ALSO IN STOCK Newtron ics 200P & 200SPC 0.002 HZ . 
5.5 MHZ Generators (200 SPC with 100 MHZ counter) 

500V / 100Meg £67.50 X 1-X10 £12.95 
Also X100 (BNC only) £16.95 carry case £56.90 0/40KV: 20K Volt £18.40 

PROFESS IONAL MUL TIMETERS 

I _I 

\ I I~ 

(UK c/p £1.50) All featu ring ACIOC Volts/Current & 
Ohms ranges . • 
M1500 43 range 20K/Volt : AC /DC 10A £53 50 
MIZOO 30 range 100K /Volt: AC /DC 15A 200 Meg ohm: 

. £67.50 
K1400 26 range large scale 20K/Volt 10A AC/DC : 
20 Meg ohm SkV AC / DC . £79.95 
K200 39 range 10 Meg ohm mput 25 HZ-1 MHZ £95.00 
OPTIONS Cases M 1500 & 1200£16.50: K1400 £19.00 
Temperature Probe for K1400£13.80 

J'HURLBY 

DIGITAL 

MULTIMETER 

4% Digit. 0.05% 7 Function LCD 
Made to exacting standards in UK 
30 ranges : 1200V DC. 750V AC, lOA AC /DC. 32 Meg ohm . Also includes . 
frequency measurement to 4 MHZ and 4KHZ output. 
Pr ice is with batteries , test leads and mains adaptor. £ 

171
_00 

(optional carry case £20.45) . 

UK c/p £1.00 
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LCD DIGITAL MULTIMETRES 
SPECIAL PURCHASE- LIMITED PERIOD ONLY 
6220 Reliab-le 22 range hand held 3% digit LCD with volt/ohms auto range. unit 
and range signs. 10 amp AC/DC. battery warning . lower power ohms range 
Model6110 Also has range hold . continuity buzzer and improved accuracy. All 
models high quality rotary operat ion. Resolution 0.1 millivolt : 10-Micro amp: 
0.1 ohm £42 95 6220 1000v DC 0.2/1DA AC/DC 600v AC 2meo ohm. Was £55.95 NOW . 

r::::~ 6110. As above plus 2DmA AC !DC and improved accuracy Was £85.95 

NOW£59.95 
THIS SPECIAL OFFER IS QUALITY WITH VALUE 
Also in stock 
6200 20/200mA version of 6220 (ie no 10 amp) £37.95 
6100 0 2A vers ion ol6110 (i e no 10 amp) £49.95 
188m 16 range with Hfe checker £43.50 
189m 30 ranoe with Hie checker £69.95 

GLOBAL SPECIALISTS EQUIPMENT 
Generators (UK c/p £1 .001 
20011 HZ-100KHZ sweepable function generator. TTL/Sine/ 
Square/Triangle. All facilities Mains £89.00 
4001 Ultra Variable Pulse Generator: 0.5 HZ-S MHZ Every 
facil ity: Mains. 1:109.00 
Frequency Counters (UK c/p BOp) 
MAXIOO 100 MHZ Counter. Battery operated . 8 Digit 30mV . 
typical. Bench portaille LED · £89.00 
MAX50 6 Digit 50 MHZ Hand held LED £56.00 
MAX550 2 range 6 Digit550 MHZ hand held LED £97.75 
PS500 500 MHZ prescaler for MAXS0/100 £34.50 
Circuli Powered Logic Probes Pulser and Monitors (UK c/p 65p) 
LP1 DTL!TTLICMOS: 10 MHZ. 100K ohm: Pulse: Memory 
£35.50 
LPZ DTLITTLICMOS 1.5 MHZ. 300K ohm: Pulse £19.95 
LP3 DTL!TTLICMOS: 50 MHZ. SOOK ohm: Pulse: Memory 

£55.95 
LM1 All . H. 10. 12. 14 & 16 Pin IC'S. Indicates Pins on/off 
DTLITTL/CMOS/HTL. Logic Monitor . £33.00 
DP1 Digital Pulse. Single shot or 100pps. £58.50 

VARIABLE REGULATED 
POWER SUPPLIES 
Mains operated regulated 
single metre (UK clp £1.50) 
241 0/12-0/24V 1 amp £35.00 
1545-15volt3amp £44.00 
4230/12-0/24V3amp £54.00 

Range of top quality scopes for Amateur and 
Professional (UK c/p '307' £3.00, other £4.00) 
307 Single trace 10 MHZ: SmV: 0.5 micro sec. Plus built in 
component tester. 6 x 7cm display. £158.70 
(Optional carry case£ 18.40) 
203 Dual20 MHZ: Trig to 30 MHZ: SmV: 0.5 micro sees: 
8 x 10cm display (replace model312) £253.00 
412-5 Duai2D MHZ delayed sweep: trig to 40 MHZ: SmV: 
0.1 micro sec. B x 10cm display. £402.50 
512 Dual 50 MHZ. Delayed sweep: Single sweep: Delay 
line: Trig to 70 MHZ: 5mV: 0 1 micro sec. B x 10cm disQia~ · 

£667.00 
Options 203/412/512 Viewino hood £6.90 
Component tester 203. 412. 512 £46.00 
Carry case (state model) £21.85 
Optional Probes (All models) X1 £8.50: X10£10.50 
X1 -X1D £12.95: X100 £16.95 

KEITHLEY PROFESSIONAL 
DIGITAL MUL TIMETER 

Model130. 25 range. Easy to hold and use LCD 
DMM. Size 7 x 3.1 x 1.5 
Ranges 
DC Volts 200mV-1000V 0.5% 100 micro volt 
AC Volts 200mV-750V 1% 100 micro volt 
DC current 2mA-10AMP 1-2% 1 micro amp 
AC current 2mA-10AMP 2% 1 micro amp 
Resistance 200 ohm-20 Meg 0.5% 0.1 ohm £102.35 

SAFGAN PORTABLE OSCILLOSCOPES 
Range of low cost Dual Trace Scopes mains operated . Made in UK to 
exacting standards. Available as 10 MHZ 15 MHZ or 20 MHZ. All feature 
5mV sensitivity: 0.5 micro sec: 6.4 x Hem display. (UK c/p £2.50) 
OT410 Dual10 MHZ £194.35 
OT415 Dual14 MHZ £201 .25 
OT420 Dual20 MHZ £216.20 
Optional probes available (see Hameg above) 

( ~~ •1111!1•••, Eiii 1e ' .. -4; · - · •1.99 .. 
\ ·~- --· .... ' 
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l~f .IJ!!? 
TV COLOUR B A R . 

~:D~i~L~D~a~e~~~:r~g~~~~~~~1~.R . ~A~~!~~~F~~d~sERATORS 
accuracy: 2A AC/DC with 0.1. Microamp resolution : LGCJSJ VHF 6 pattern £143.75 

' .. , 

AMATEUR/CB 
KOM6 1.5 to 2SO MHZ Dip meter 
6 ranges £38.50 
SWRQ 3-150 MHZ SWR + F IS 

£9.50 
SWR50 Twin meter SWR +Power 
1KW max. £13.95 
310 Single meter SWR +Power · 
10W £8.95 
110 SWR/Power /FS-10/100W 

. £11.95 
171 As '110' Twin meter £14.50 
175 SWR/FS/AE Match 
(40 MHZ) £13.80 
176 As '175' + 015150 Watt 
power £16.95 
178 As '175' + 0/ 10/100W +MOD 
Scale £19.50 
HM20 SWR meter Plus 20K/Volt 
19 range Multi meter £28.95 
(Note SWR-Power ETC to 
144/150MHZ) 
Just a selection of a huge range 
in stock -send for latest lists 
including professional ranges . 

1KV AC/DC 20Meg ohm ETC. £228 85 
LM100 £89.00 (UK c/p £1 .00) LCG392u UHF 15 pattern . 

LCG392vVHF 1S pattern £231.15 
Also model LM2001 hand held modei2Meg ohm. LCGJQQVHF/UHF 13 pattern £572.70. 
2A AC/DC ETC. £57.70 (UK c/p 65p) 

LEADER AUDIO RF F M 

TV GENERATORS 

High quality mains operated 
equipment (UK c/p £1.50) 
LSG16 RF Generator (matches LAG26) 
5 ranges 100 KHZ-100 MHZ (300 MHZ 
harmonics). lnt /Ext MOD 100mV 
o/p: ± 1.5% accuracy £63.25 

. AUDIO 
LAGZ6 4 range 20HZ-20KHZ. Sine/ 
Square: 5Vo/p: Distortion 0.5-1% 

£73.60 
LAGI20A 5 range 10 HZ-1 MHZ Sine/ 
Square: 3V o/p: O.DS-0.8% Max 
Distortion Switched attenuator. 

£146.00 
LAG125 Low distortion (0 02%) 
version of LAG120A Plus 'Burst' !YQe 
signals for Speaker test £273.00 

DISCOUNTS Small and large quantity Discounts available for most products for UK and Export Your Enquiries Invited 

ALSO STOCKED Range of chassis speakers and kits . microphones and public address equipment accessories etc. 
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The 
. simple answer 

to all your 
power sup·ply 

problems. 

Uninterruptible Power Supplies - UPS 
250va to 2000va, 50 or 60hz 
0 STANDBY POWER. Invaluable for winding down a 
computer programme on mains failure and wherever 
continuous power is essential. 
0 STA~ILISATION . ±5% Vital to combat mains 
fluctuat1_o~s and ensure the operation of equipment at 
peak eff1c1ency. 
0 ~RANSI~NT ATIENUATION. Provides suppression of 
ma1ns born Interference (spikes). 
~n un~eatab_le power package from £395 ex works 
1nclud1ng maintenance free lead acid batteries At 
Galatrek International, UPS are DOWN to unb~atable 
pnces. 
F~r more information, cut the coupon or contact Galatrek 
d1rect. Mr R Koffler, Galatrek International, Scotland 
Street, Uanrwst, nr Colwyn Bay, Gwynedd LL26 OAL N~rth Wal~s, Great Britain, Tel No: 0492-640311/64l298 
N1ght Serv1ce: 0492-30592 Telex: 617114 A/B Galahu 

ALATREK,-.-.-' 
INTERNATIONAL~ I 

~lease send full details of your range of voltage stabilisers 
f1lters, cutouts UPS and generators. · 1 

Name 

Address 

Country 

I 
I 
I 

---·-- - I 
\ Telephone No · 

'-------- ---w;_) 
WW - 028 FOR FURTHER DETAILS 

WIRELESS WORLD OCTOBER 1981 

Audio power meter 

Wide range: 
* 30Hz to 30kHz * 10.J.1W t.o SOW 
* 1·2 to 1000 n * mains/battery 
*decibel scale -18dBm to+ 47dBm 

Farnell 
FARNELL INSTRUMENTS UMITED 
SANDBECK WAY·~THERBY 
WEST YORKSHIRE LS22 4DH 
TELEPHONE (0937) 61981 

WW- 009 FOR FURTHER DETAILS 

f ONLY £48.50 Postfree,incVA:T 

lrl®~ 
ct®$Y 

(E[f)~®~ 
CE~RI$CID~CE 

Send chcy~1e or official urd~:r for prompt 

~ 
HOLDS UP TO S X . JeliYcrY. l clcphonc order' Will be I EPROMS despa tched C.O.D. at no extra charge ~1~~IfJ~~~~]d~CKED TRAY Also availab!e in London from: . 
QUALITY STEEL CASE i:~:::atic Ltd. 
MONEY-BACK GUARANTEE and in Aberdeen from: 

~-----· Granite Chip. , NORTHERN ELECTRONICS·-----~ 
51 Arundel Street, Mossley, Lancashire Tel: Mossley (04575) 4119 

WW- 052 FOR FURTHER DETAILS 

Ideal for the experrmenter 

• THIS DOSIMETER WILL AUTOMATICALLY 
DETECT GAMMA AND X-RAYS . 

• UNIT IS SIZE OF FOUNTAIN PEN & CUPS 
ONTO TOP POCKET 

• PRECISION lf11STRUMENT 
• MANUFACTURERS CURRENT PRICE OF A 

SIMILAR MODEL OVER £25 EACH 
Brrlrsh desrgn & rnanula clure 

Tested and fully guaranteed. Ex-stock delivery 

01-723 1008/9 •tlmaal9 

404 EDGWARE ROAD, LONDON W2 1 ED ~ 

WIRELESS WORLD OCTOBER _1981 

1000 SERIES 
. . OSCILLOSCOPES 

Telequipment 1000 Series 
The choice is yours 

Tried, Tested and now even better! 
Since their introduction a few 
years ago, Telequipment's 01000 
series of high performance low-cost 
oscilloscopes have established 
themselves at the forefront of the 
market. High performance because 
they are the result of intensive 
research and design efforts by one 
of the world's leading electronic 
instrument manufacturers, an~ low 
cost because of volume production 
in a modern automatic production 
plant. 
Performance to spare. 
With the 01000 series, Telequipment 
regard specifications as lower 

Also available from Electroplan. 

limits, not maxima. For example, 
the 01 016A bandwidth is 
specified as 20M Hz. The typical 
figure is actually in the region of 
23 to 25M Hz and the usable 
bandwidth nearer 35M Hz. 
Input attenuator tolerances are 
now specified at ±3% for all 01000 
series oscilloscopes, a considerable 
improvement over the previous 
±5%. But again, the user may well 
find the true figure closer to ±2%. 
More Accurate Time Bases 
The time bases, too, have been 
upgraded. All new 01000 
instruments have been equipped 
with thermal compensation which 

WW- 063 FOR FURTHER DETAILS 

tightens time measurement 
accuracy to ±3%, with improved 
stability as a bonus. 
To match these improved time 
base specifications, trigger 
bandwidths and performance 
characteristics have been 
substantially enhanced. 
Better Display 
The 01016A also has a new CRT. 
The size is just the same easy-to· 
view 1 0 x Scm but with an 
internal graticule and a quick-
heat cathode. It has a "GY" 
phosphor which is a near equivalent 
to the P31 but is more efficient 
?~tinically at low beam currents 
and high writing speeds. 
A Choice of Bandwidth 
10MHz or 20MHz with 5mV 
division sensitivity at full 
bandwidth and 1 mV division at 
5MHz in the 01016A,4MHz in 
the 01 011, and a choice of 
display modes; Algebraic Add, 
True X-Y, Channel 1 and 2 
Chopped or Alternated, Channel 
2 only, and Channel 2 Inverted. 
For further details send reply 
coupon today_ 

~.------, 
Please send detai Is of the 

I 01016AD 01010/01011 D I 
Name 

Position 

Company 

Address 

Telephone 

Tektronix U.K. Ltd . 
P 0 Box 69. 
Harpenden. Herts AL5 4UP 
Telephone: Harpenden 63141 
Telex: 25559 
L------

'_j 

TELEQUIPMENT 
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CXBO COLOUR 
MATRIX PRINTER .£895 + V.A.T. 

At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 

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

WIRELESS WORLD OCTOBER 1981 

- - -- -

Compatible with most microprocessors, prints in 7 colours- sophisticated internal 
programme makes the cxao easy to use. 

Dot Addressable +· 1_5 user programmable characters, 96 ASCII and 64 graphics 
characters in rom. Centronics interface with RS232 and IEEE488 option~. . . . . 

The CX80 is a product of our own design and development laboratories. It repre
sents _a British breClkthrough in colour printer technology. Colour brochure on 
request. OEM pricing available. 

NRDC-AM BISONIC 
UHJ 

SURROUND SOUND 
DECODER 

*"~ :;;. ~.~ ~ ""' o: fUn ~ ~~ - 15 
The first ever kit specially produced by Integ rex for this British NRDC backed surround sound system~hich 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 selections. 

The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output "' \J IIdls are provided in this most versatile unit 
Complete with mains power supply, wooden cabinet. panel , knobs, etc . 

Complete kit , inclu~ing licence fee £&7.70 +VAT or ready built and tested £76.95 +VAT 

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

The original " Wireless World· .. published Intruder 1 has been re-designed by lntegrex to incorporate several new features, along with improved 

performance . The kit is even easier to build. The internal audible alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains 

o~ 12V battery operated . Disguised as a hard-backed book . Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells 
etc . 

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

Wireless WOrld Dolby noise reducer 
Trademark of Dolby Laboratories Inc. 

Complete Ki t PRICE: £49.95 +VAT (3 head model ava ilable) 

Typical performance 
Noise reduction better than 9dB weighted 
Clipping level 16 . 5dB above Dolby level (measured at 1% third 
harmonic content) 

Harmonic distortion 0.1% at Dolby level typically 0.05% over 
most of band , ris ing to a maximum of 0 .12% 

Signal-to-noise rat io: 75dB (20Hz to 20kHz, signal at Dolby level) ' 
at Monitor output 

Dynamic range >90dB 

Also ava ilable ready built and tested ................................................................................. Price £67.50 +VAT 
30mV sensitivity 

· Calibration tapes are available for open-reel use and for cassette (specify which) ........ Price £2.75 +VAT ' : . . .,. ·~---·----~:: 

All kits are carriage free 

IDTEiiREH limiTED 

: VISA ! 
~ - - - ·--~~~ 

'Please send SAE for complete lists and specifications 

Portwood Industrial Estate, Church Gresley, 
Burton-on-Trent, Staffs DE 11 9 PT 
·Burton-on-Trent (0283) 2.15432 Telex 377106 

HILOMAST 
SYSTEMS 

' 
PNEUMATIC 
TELESCOPIC 
MASTS 

Pneumatic and winch-operated telesco_Pic mas~s and 
towers. Vehicle, field and wall mountmgs available. 
Many standard models ex-stock. 
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MICROCOMPUTER COMPONENTS 
LOWEST PRICES - FASTEST DELIVERY _____ . 

. PRICE IOEVICE 

. CPUs 
6502 
6800 
6802 
6803 
6809 
8085A 
ZBOCPU 
Z80ACPU 
SUPPORT CHIPS 

4.95 
3.70 
5.11 

11.80 
11.95 
5.50 
4.00 
4.82 

6520 3.15 
6522 4.95 
6532 7.95 
6821 1.74 
6840 4.20· 
68488P 9.11 
6850 1.70 
6862 6.91 
6871A1T 18.70 

- 6875L 4.18 
6880 1.07 
6887 0.80 
8212 1.70 
8216 1.70 
8224 2.45 
8228 3.95 
8251 3.95 
8253 7.95 
8255 3.95 
AY-3-1 015 3.90 
AY-5-1013 3.45 
AY-5-2376 6.95 
MC1488 0.64 
MC1489 0.64 
MC14411 6.94 
MC14412 - 7.99 
R0-3-2513L 7.70 
R0-3-2513U 7.70 
Z80CTC 4.00 
Z80A CTC 4.00 
Z80 DMA 11.52 
Z80A DMA 9.99 
Z80 DART 7.18 
ZBOADART 7.18 
Z80 P10 3.78 
ZBOA P10 3.78 
ZBO 510-0 13.95 
ZBOS10-1 13.95 
Z80 510-2 13.95 
ZBOA S 1 0-0 13.95 
ZBOAS10-1 13.95 
ZBOAS10-2 13.95 
CRT CONTROLLERS 
9364AP 5.94 
9365 62.90 
9366 62.90 
6845 9.50 
DATA CONVERTERS 
ZN425E 3.50 
ZN426E 3.00 
ZN427E 6.28 
ZN42BE 4.78 
ZN429E 2.10 
ZN432 28.09 

. ZN433 22.59 
ZN440 56.63 
ZN450E ~61 
Data converter 
Handbook 
Data converter 
Kit 
BUFFERS 
81L595 
81LS96 
81LS97 
81L598 
8T26A 
8T28A 
8T95N 
8T97N 
8T98 
MEMORIES 
NEW LOW PRICES 
2114L 200ns 
(low Power) 
2114L 300ns 
(Low lower 
for Acorn, 

1+ 
25+ 

1+ 

etc) 25+ 
2708 450ns 1 + 

25+ 
2716450ns · 1+ 
(~ingle +5V) 25+ 
2532 450ns 1 + 

25+ 
2732 450ns 1 + 

25+ 
4116150ns 1+ 

25+ 
4116 200ns 1+ 

25+ 
4118 200ns 1+ 

25+ 
1+ 

25+ 
1+ 

25+ 

1.00. 

29.95 

0.90 
0.90 
0.90 
0.90 
1.50 
1.50 
1.50 
1.50 
1.50 

1.28 
1.19 
1.28 

1.19 
1.99 
1.86 
2.49 
2.37 
5.50 
5.31 
5.43 
5.24 
1.15 
1.06 
0.80 . 
0.72 
3.90 
3.23 

10.95 
9.95 

12.00 
11.00 

REGULATORS 
7805 
7812 
7905 
7912 
CRYSTALS 
1 MHz 
1.8432 MHz 
2.4576MHz 
4MHz 
OIL SOCKETS 
Spin 

14pin 
16pin 
18pin 
20pin 
22pin 
24pin · 
28pin 
40pin 
74LSSERIES 
74LSOO 
74LS01 
74LS02 
74LS03 
74LS04 
74LS05 
74L508 
74LS09 
74L510 
74LS11 
74LS12 
74LS13 
74LS14 
74LS15 
74LS20 
74LS21 
74LS22 
74LS26 
74LS27 
74LS28 
74LS30 
74LS32 
74LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS47 
74LS48 
74L549 
-74LS51 
74LS54 

·74LS55 
74LS73 
74LS74 
74L575 
74LS76 
74LS78 
74LS83 
74LS85 
74LS86 
74LS90 
74LS91 
74L592 
74LS93 
74LS95 
74LS109 
74LS112 
74LS113 
74L5114 
74LS122 
74LS123 
74LS124 
74L5125 
74LS126 
74LS132 
74LS136 
74LS138 
74LS139 
74LS145 
74LS148 
74LS151 
74LS153 
74LS155 
74L5156 
74LS157 
74LS158 
74LS160 
74LS161 
74LS162 
74LS163 
74LS164 
74L5165 
74L5166 
74LS173 
74L5174 
74L5175 
74LS181 
74LS190 
74LS191 
74LS192 
74LS193 
74L5194 
74LS195 
74LS196 
74LS197 

0.50 
0.50 
0.55 
0.55 

3.00 
2.50 
2.50 
1.65 

0.07 
0.09 
0.09 
0.15 
0.17 
0.21 
0.23 
0.25 
0.29 

0.11 
0.11 
0.12 
0.12 
0.13 
0.13 
0.13 
0.13 
0.13 
0.14 
0.15 
0.22 
0.44 
0.13 
0.12 
0.14 
0.14 
0.18 
0.14 
0.19 
0.12 
0.14 
0.16 
0.16 
0.16 
0.13 
0.34 
0.39 
0.60 
0.59 
0.14 
0.15 
0.15 
0.20 

·0.17 
0.28 
0.20 
0.24 
0.50 
0.70 
0.18 
0.30 
0.80 
0.35 
0.34 
0.44 
0.25 
0.25 
0.25 
0.25 
0.39 
0.55 
1.00 
0.28 
0.28 
0.45 
0.28 
0.34 
0.37 
0.75 
0.90 
0.34 
0.35 
0.39 
0.38 
0.34 
0.36 
0.39 
0.39 
0.39 
0.39 
0.47 
0.99 
0.84 
0.70 
0.54 
0.54 
1.30 
0.55 
0.55 
0.69 
0.59 
0.39 
0.39 
0.58 
0.65 

.P.RIC.E 

74LS221 0.60 
74LS240 0.89 
74LS241 0.89 
74L5242 0.79 
74LS243 0.79 
74LS244 0.79 
74LS245 o:89 
74LS247 1.34 
74LS24B 1.00 
74LS249 0.68 
74LS251 0.39 
74LS253 0.39 
74LS257 0.44 
74LS258 0.38 
74L5259 0.38 
74LS261 1.90 
74LS266 0.23 
74L5273 0.90 
74LS279 0.34 
74LS283 0.44 . 
74LS290 0.56 

. 74LS293 0.45 
74LS365 0.34 
74L5366 0.34 
74LS367 0.34 
74LS368 0.34 
74LS373 0.74 
74LS374 0.74 
74LS375 0.47 
74LS377 0.89 
74LS378 0.69 
74L53B6 0.28 
74LS390 0.59 
74LS393 0.59 
CMOS 4000 'B' SERIES 

. 4000 0.12 
4001 0.13 
4002 0.13 
4006 0.60 
4007 0.17 
4008 0.55 
4009 0.28 
4010 0.28 
4011 0.14 
4012 0.17 
4013 0.33 
4014 0.58 
4015 0;58 
4016 0.28 
4017 0.45 
4018 0.58 
4019 0.29 
4020 0.58 
4021 0.60 
4022 0.62 
4023 0.17 
4024 0.38 
4025 0.16 

' 4026 0.99 
4027 0.30 
4028 0.55 . 
4031 1.65 
4033 1.60 
4035 0.72 
4040 0.57 
4041 0.69 
4042 0.54 
4043 0.59 
4044 0.64 
4045 1.65 
4046 0;68 
4047 0.68 
4048 0.54 
4049 0.30 
4050 0.30 

. 4051 0.59 
4052 0.68 
4053 0.59 
4054 1.20 
4055 1.20 
4060 0,89 
4063 0.95 
4066 0.34 
4068 0.17 
4069 0.17 
4070. 0.19 
4011 0.19 
4072 0.19 
4073 0.19 
4075 0.17 . 
4076 0.60 
4077 0.22 
4078 0.24 
4081 0.14 
4082 0.19 
4085 0.63 
4086 0.69 
4093 0.39 
4502 0.23 
4507 0.39 
4508 1.90 
4510 0.60 
4511 0.49 
4512 0.60 
4514 1.49 
4515 1.49 
4516 0.75 

18 0.40 

www.americanradiohistory.com

www.americanradiohistory.com


24 WIRELESS WORLD OCTOBER 1981 

Jackson Music presents 

A MAMMOTH 3-DAY SALE: 
* RECORDlNG STUDIO EQUIPMENT * FILM EQUIPMENT * VIDEO EQUIPMENT * MUSICAL INSTRUMENTS 

When we announced the last Sale of the Century, we said it 
couldn't happen again. Well, we were wrong! 

By great public demand, we've put together another fabulous 
collection of top quality used equipment from studios all over the U.K. 

The Production Village in Cricklewood will reverberate to the 
sounds of the Bargain Basement, so come along and re-equip with the 
best there is. 

THE SALE IS A 3-DAY EVENT ON 14th, 15th & 16th OCTOBER 1981, 
10 a.m.-6 p.m. DAILY. 

WIRELESS WORLD OCTOBER 1981 

·HI-FI 
DRIVE 
UNITS 

AUDAX HD12.9D25 .. ..... ................... £8.75 
AUDEX HD100D25 .................. ......... £8.75 
AUDAX HD11 P25EBC ... ........ .. ......... £7.50 
AUDAX HD20825H4 ....................... £14.95 
AUDAX HD13D34H ........................ £12.95 
AUDAX HD24S45C .. ....... ..... ...... ..... £21.95 
AUDAX WFR15S ..................... ....... £23.95 

~8ti~ i~88 :::::::::::::::::::::::::::::::::::::: E:i~ 
COLES CE2000 6W ' .. ... ................ .. £14.95 
CELESTION HF1300 II .... ......... ....... £13.60 
CELESTION HF2000 ................ ....... £13.60 
DALES FORD 010 ferrofluid ............. £8.95 
DALESFORD 030/1 10 .... ..... .... .. ..... £11.95 
DALES FORD 050/153 ...... .............. £12.95 
DALESFORD 050/153 polymer ..... £15.25 
DALESFORD D50/200 ............... ... .. £12.95 
DALESFORD 050/200 polymer ..... £15.25 
DALESFORD D100/250 .................. £29.95 
DALESFORD 0300 .... .. ......... ...... ..... £35.75 
DECCA London Horn ..................... £89.95 
ISOPHON KK8/8 ......... .. .................... £8.25 
ISOPHON KK1 0/8 ............................. £8.75 
JORDAN 50mm unit ......... ......... ..... £31.50 
JORDAN Crossover pair .. ............ .. £31.90 
JORDAN WATTS Module Mk Ill .... £28.50 
JORDAN WATTS HF kit ... ......... .. ... £10.50 

~~m~2 ~B 
KEF DN13 SP1106 .................... ......... £7.75 
KEF DN13 SP1017 .............. ............... £6.95 
LOWTHER PMS ........................ ....... £63.00 
LOWTHER PM6 Mk 1 ................. .. .... £67.75 
LOWTHER PM7 ... ... ........... .. ..... ....... £99.00 
PEERLESS K01 ODT ........................ £1 1.50 
PEERLESS DT10HFC : ..................... £10.95 
PEERLESS K040MRF .. ..... .............. £14.75 
RICHARD ALLAN CG8T ...... ....... .. ... £14.25 
RICHARD ALLAN CG 1 2T Super .... £30.95 
RICHARD ALLAN HP12B .... ..... ... .... £35.75 
RICHARD ALLAN DT20 ......... ...... ... £10.75 
RICHARD ALLAN DT30 ........ ...... .... £11.50 
SEAS H107 ................. ............ ........ ... £8.95 
SEAS H21 1 ferrofluid .. ....... .. .......... £10.95 
SHACKMAN ES units .. ............... £136 pair 
SHACKMAN ES units with cabs. 
......................... ............ ...... .. ........ £170 pair 

TANNOY DC386 ........ ....... ............ £199.00 
TANNOY DC316 ........................... £159.00 
TANNOY DC296 .... ................ ....... £118.00 

~~~~;~~:~ :~ : ::::~:~~~~::~~~::~:::::~ ~: :·: iii:§ 
I 

tmu 
5 Swan Street 
Wilmslow, Cheshire_ 

PAGROUP& 
DISCO UNITS 

PA Group. Disco units . 
CELESTION G12/50TC ................... £19.50 
CELESTION G12/80CE ................... £24.50 
CELESTION G15/100CE ............ .. ... £37.95 
CELESTION G15/100TC ................. £38.50 
CELESTION G18/200 ............... ...... £64.75 
CELESTION G18/250 ........... .......... £81.75 
FANE CLASSIC 10/100 ................... £17.50 
FANE CLASSIC 12/50 ..... ................ £15.75 

· FANE CLASSIC 12.100 ................... £21.75 
FANE CLASSIC 15/100 ................... £29.75 
FANE CLASSIC 15/1 50 ................... £38.50 
FANE CLASSIC 15/200 .... ............... £44.00 
FANE CLASSIC 18/200 ............ .. ..... £47.95 
FANE CLASSIC 18/250 .... .. ............. £51.75 
FANE DISCO 1 00/2 ............. , ........... £28.75 
FANE GUITAR 100L. .... .... ............... £26.75 
FANE GUITAR 1008 ....................... £27.50 
FANE PA 100 .... ................. .. ............ £26.75 
FANE BASS 1 00 ............ : .............. ... £39.00 
FANE STUDIO 12L, 12B ........... ...... £45.00 
GAUSS 1 2" models ... ...... .. ...... .. .. £146.00 
GAUSS 1 5" models ...... .. ..... ... ..... £162.00 
GAUSS 1 8" models ...... .. .. ...... .. ... £220.00 
GOODMANS PP1 2 ... .............. ........ £22.50 
GOODMANS 0112 .......................... £25.50 
GOODMANS GR12 ..... ..... ........ ....... £24.95 
GOODMANS HI FAX 50HX ............. £21.85 
GOODMANS HI FAX 1 OOHX ...... ..... £24.50 
McKENZIE C12/1 OOGP ........... ........ £24.45 
McKENZIE C12/1 OOTC ...... ....... ...... £24.45 
McKENZIE C12/1 00 bass ............... £24.45 
McKENZIE C12/125GP ................... £39.95 
McKENZIE C12/125TC ..... .............. £39.95 
McKENZIE C12/200 ........................ £54.25 
McKENZIE GP15 ........ ..................... £35.10 
McKENZIE TC15 ............ ........... ...... £35.10 
McKENZIE C1 5 bass .......... ...... ....... £59.60 
McKENZIE C15/200 ........................ £63.25 
McKENZIE C10/100 ........................ £22.50 
MOTOROLA PIEZO HORN 3W' ...... £4.50 
MOTOROLA PIEZO HORN 2" x 6" £8.75 

~g~ t ~ ~~~~ c::::::::::::::: :::::::::::::::::::: ~=~:~g 
RCF L 15P03 .... .. ....... .................. ...... £68.95 

~~!~~{!~~ ····························· ~§ RCF H4823 flare .... .... ~ ..................... £32.50 
RICHARD ALLAN HD8, HOST ...... .. £21.25 
RICHARD ALLAN HD10,HD10T ..... £22.95 
RICHARD ALLAN HD12P ..... ...... ..... £31 .25 
RICHARD ALLAN HD12 super ... .... £41.75 
RICHARD ALLAN HD15 ..... ............. £55.25 
RICHARD ALLAN Atlas .................. £99.75 

KITS FOR MAGAZINE DESIGNS, 
etc 
Kits include drive units, crossovers, 
BAF/Iong fibre wool, etc, for a pair of 
speakers 

Carriage £3.95 
unless otherwise stated 

Prices per pair 

Everyday Electronic~ EE70 .......... £144.00 
Everyday Electronics EE20 ............ £29.95 
Hi Fi Answers Monitor ...... ........... £148.00 
Hi Fi for Pleasure Compact Monitor 
..................... ... ............................... £116.00 
Hi Fi for Pleasure ECM inc. foam, fet 
panels etc ........................................ £77.50 
Hi Fi News State of the Art ........... £205.00 
Hi Fi News Midiline .... .................. £119.75 
Hi Fi News Mini line ........................ £49.00 
Hi Fi News Tabor with J4 bass units 
......... ......... ............. .... .. ..... ....... .. ...... £69.00 
Hi Fi News Tabor with H4 bass units 

P~·;;~i~;·Hi .Fi·s~·~·~·; : : :::::; :::: :::: ::: : ::.:·£f~:~: 
Popular Hi Fi Boxer cabmets, pa1r 
............ ... .... ..... ........ ........ ...... ... ...... £109.00 
Popular Hi Fi Jordan System 1 .... £120.00 
Popular Hi Fi Mini Monitor ............ £84.00 
Practical Hi Fi PR09TL inc. fetl panels 
and level controls ......... .......... ...... £156.75 
Practical Hi Fi BSC3 .... .................... £68.00 
Wireless World T.L. KEF UQits ..... £125.00 

Flat-pack cabinet kits are available for 
LS3 micromonitor, BSC3, HFP .compact 
monitor, EE20, EE70, Wharfdale E50, 
E70, E90 (also E90 in Pro disco style). 

Wilmslow Audio BA1 sub bass ampli
fier/crossover kit £37 .95 plus £1 carriage. 

All prices include VAT at 15% and are 
correct at 1.6.81. 

CARRIAGE & INSURANCE 
Tweeters/Crossovers 70p each 

::::tfS:::: : ::::: :: : : ::::: : ::::::: : : : : : ::·t:~~g ::~~ 
12", 13" x 8", 14" x 9" ........... £2.00 each 

it~~~~:~:i~~:: ::::: :: :::: :: ::::: ::: :::::::.~:j~:5::~~ 
Mag. Design Kits .................... .. . £3.95 pa1r 

unless otherwise stated 

Building speakers is easy 
with the new 

WILMSLOW AUDIO FLAT 
PACK CABINET KITS! 

ALL PRICES INCLUDE VAT@ at 15% 
and are correct at 1/7/81 

EVERYTHING IN STOCK 
FOR THE SPEAKER 

CONSTRUCTOR! 

BAF. LONG FIBRE WOOL. FOAM, 
. CROSSOVERS, FELT PANELS. COM
PONENTS. SPEAKER STANDS, 
& BRACKETS, ETC. 
LARGE SELECTION OF GRILLE 
FABRICS. 

(Send 30p in stamps for fabric 
samples) 

SPEAKER 
KITS 

PRICES PER PAIR 
CARRIAGE £3.95 

UNLESS OTHERWISE STATED 

COLES NIMBUS KIT ......... .............. £69.00 
(mounted on baffle) 
DALESFORD 'D' KIT (including cabinet) 
.......................................................... £69.95 
DALESFORD D (including cabinets) 
............ .. .......... ....... .............. .. ........ £139.00 
DALESFORD Rock kit inc. flatpack cab-
inet kit .............................................. £73.50 
KEF Reference 104AB (carr. £5) ... £133.00 
KEF Cantata kit... ............... ............ £199.00 
LS3 Micro Monitor ......................... £84.00 
LS3 Micro Monitor inc. cabinets etc 
..... ..... ....... ...... .......... .... ... .... .. ..... .... £103.95 
LOWT!iER PM6 kit ........................ £132.75 
LOWTHER PM6 Mk 1 kit.. .. .......... , £139.95 
LOWTHER PM7 kit.. ...................... £199.00 
RICHARD ALLAN Tango Twin ....... £58.00 
RICHARD ALLAN Maramba .......... £83.00 
RICHARD ALLAN Charisma ......... £119._50 
RICHARD ALLAN RA8 .................... £67.50 
RICHARD ALLAN RA82 kit ........... £106.50 
RICHARD ALLAN RA82L kit ......... £116.50 
RICHARD ALLAN Super Sarabande II 
............. ................. ......................... £169.95 
SEAS 223 .......... .. .. ............ ............... £42.50 
SEAS 253 ........ ........ ................. ...... .. £67.00 
SEAS 403 ......................................... £79.95 
SEAS 603 .......................... .. ....... .... £134.95 
SEAS Disco 47 ............. .... ........... .. £167.50 
SEAS Disco 47 cabinets, pair. Assem-
bled (carr. £1 5) ...... .......... ....... .. ..... £167.50 
WHARFEDALE DENTON XP2 kit ... £31.45 
WHARFEDALE SHELTON XP2 kit £40.40 
WHARFEDALE LINTON XP2 kit ..... £56.20 
WHARFEDALE L60 kit ............... ..... £52.50 
WHARFEDALE LBO kit ........... ..... .... £72.00 
WHARFEDALE L 100 kit .... ............ .. £87.00 
WHARFEDALE E50 kit ........... : ...... £129.00 
WHARFEDALE E70 kit .... ........ ...... £160.00 
WHARFEDALE E90 kit ....... .... ... .. .. £249.50 

WILMSLOW AUDIO WE50. Total kit -
Wharfdale E50 kit plus WE50 flat-pack 
cabinet kit including reflex port trims, 
acoustic wadding grille fabric, nuts, 
bolts, terminals etc 
.. ... ......................... £182 pair. Carriage £8. 

WILMSLOW AUDIO WE70. Total kit as 
above but with E7 £220 pair. Carriage £8 
WILMS LOW AUDIO WE90 . . Total kit as 
above but with E90 £330 pair. Carriage 
£10 _. 
WILMSLOW AUDIO WE90. Total kit -
Wharfdale E90 kit plus WE90 . flatl?ack 
cabinet kit including reflex port nms, 
acoustic wadding grille fabric, heavy 
duty handles, castors with brakes, 
protective corners, black vymd.e cabmet 
covering, input panels, protective fuses, 
nuts bolts etc. An ideal h1gh quality 
discb speaker for amplifiers up to. 150 
watts (disco) or 200 watts (domestic ~~ 
Fi) £187 each. Carriage £8. Or £369 pa1r. 
Carriage £10. 

Send 50p for our 80 page catalogue --:-·_(or price list only free. of 
charge) packed with pi~ures and sp~c1f1catu:~ns of speakers, k1ts, 
cabinets, crossovers, m1cs, amps, m1xers, gr1lles, effects etc. Ex
port catalogue £1 or $3 US. 

Tel: 0625 529599 for speaker drive units, kits, P~ ~quipment, mail 
order enquiries, and all export enqUiries. 

Tel: 0625 526213 for Hi-Fi equipment and complete I WILIISLDW 
~~~~akers · 

speaker enquiries. 

Lightning service on telephoned credit card orders! er~~· 

WW- 006 FOR FURTHER DETAILS 

35/39 Church ·street 
Wilmslow, Cheshire 
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Replacement tape heads from Monolith could mean a big 
improvement in sound quality from your tape recorder. A fall 
catalogue is available, price 50p, which features a wide 
range of heads for cassette and reel to reel machines, as 
well as replacement motors, tape transports, etc. 

Universal cassette heads to EIAJ standard, hole centres 
17mm apart, 12mm from head face: 
812·02 -Mono record/playback £ 4.62 
824-01 Stereo playback £ 4.62 
824-02 Stereo rip £ 7.66 
824-07 Stereo r/p for Dolby systems £ 9.05 
C42RPH20 Stereo r/p sendust head, suitable for cr.rome & 

metal tapes £10.67 
C42RPH04 Stereo r/p glass ferrite , the ultimate long life, 

high performance head £13.34 
C42RPS18 Stereo twin gap rip long life head for record 

monitoring £28.99 
C21ES18 Mono/Stereo erase head £ 2.13 
C44RPH03 Four channel/track r/p £15.15 
C22ES04 Twin half track erase £ 5.43 

Ex stock deliveries, all prices include VAT. Post and P?~Cking 40p. 

IVIONOLITH 
electronic products 
The Monolith Electronics Co. Ltd., 5/7 Church Street. 
Crewkerne, Somerset TA18 ?HR. Tel: 0460 74321. Telex: 

MONLTH G. 

I I Secondary 1 I I Volts I Current 

1 

Dimensions WeiQht . 
Type VA RMS RMS Oia. I Hei\tlt Kg Price 

cum 30 6+6 2.50 70mm 30mm 0.45 
C1001 30 9+9 1.67 70mm 30mm 0.45 £4.55 
C1002 30 12+ 12 1.25 70mm 30mm 0.45 
C1003 30 15+ 15 1.00 70mm 30mm 0.45 1+£1.10 p.p. 
C1004 30 18+ 18 0.83 70mm 30mm 0.45 + 0.84 VAn 
C1005 30 22+22 0.68 70mm 30mm 0.45 
C1006 30 25+ 25 0.60 70mm 30mm 0.45 
C1007 30 30+30 0.50 70mm 30mm 0.45 

C1010 
C1011 
C1012 
C1013 
C1014 
C1015 
C1016 
C1017 
C1018 
C_1019 

60 
60 
60 
60 
60 
80 
80 
60 
60 

·60 

9+9 133 
12+ 12 2.50 
15+ 15 2.00 
18+18 1.67 
22+22 
25+25 
30+30 

110 
220 
2411 

1.36 
1.20 
1.00 
0.55 
0.27 
0.25 

87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 

£4;86 

(+£1.43 p.p. 
+ 0.94 VAn 

WIRELESS WORLD OCTOBER 1981 

Dielectric 
Communicat ....... 

Model 1 000-A Wattmeter 
MEASURES R.F. POWER IN 
50 OHM CO-AX CABLES AND 

____ __,TRANSMISSION LINES, 1 to 
5000 watts FROM 2MHz to 
lOOOMHz DEPENDANT ON 
PLUG-IN. 
For more information on these 
a.nd other R F products:-

LOADS-COUPLERS & 
SWITCHES 

Tony Chapman Electronics Limited 
BOa, High Street, Epping, Essex CM16 4AE 
Telephone: Epping (STu 0378) 76138-9 Cable: Chaptron, Epping Telex: 817363 

I I v!co~n~:ent I Dimensions I Weight I 
Type VA RMS RMS Dia. I Height Kg Price 

C1030 160 18+ 18 4.44 108mm 42mm 1.5 
C1031 160 22+22 3.84 108mm 42mm 1.5 £8.411 
C1032 160 25+25 3.20 108mm 42mm 1.5 
C1033 160 30+30 2.67 108mm 42mm 1.5 (+ £1.73 p.p. 
C1034 160 35+35 2.29 108mm 42mm 1.5 + £1.52 VAn 
C1035 160 110 1.46 108mm 42mm 1.5 
C1036 160 220 0.73 108mm 42mm 1.5 
C1037 160 2411 0.67 108mm 42mm 1.5 

230 25+25 4.60 
230 30+30 3.83 
230 35+35 3.29 
230 411+411 2.88 
230 110 2.09 
230 220 1.05 
230 240 0.96 

115mm 
115mm 
115mm 
115mm 
115mm 
115mm 
115mm 

50mm 
50mm 
50mm 
50mm 
50mm 
50mm 
50mm 

2.2 
2.2 £10.20 
2.2 
2.2 ( + £1.73 p.p. 
2.2 + £1.79 VAn . 
2.2 
2.2 

WW- 064 FOR FURTHER DETAILS 

The SSG520 10 to 520MHz 
synthesized signal generator is flexible 'enough 

to meet your need 
REMOTE PROGRAMMING 

This option simplifies remote control of all major functions 

IEEE488 INTERFACE 
Add-on module for low cost microcomputer controlled A.T.E. Switching module-and other 

IEEE488 accessories available 

TRANSMITTER TESTING 
Compatible with TTS520 transmitter test set for complete testing of base stations, mobile or fixed radios up to 100 watts rating, pocketphones, pagers, etc. 

Send for GUr m FARNELL INSTRUMENTS LIMITED · SANDBECK WAY· WETHERBY comprehenSIVe folder WEST YORKSHIRE LS22 4DH of r.f. test equipment _ . TEL (0937) 61961 -TELEX 557294 NOW! OR HARPENDEN ·TEL. (05827) 69071 
iarnell 
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Three £1.00 Vouchers 
inside 

WIREL!:SS WORLD OCTOBER 1981 

OUT NOW! 
AMBIT'S NEW CATALOGUE 

In an attempt to collate and organize our burgeoning ranges 
of 'stock' components (now over 7000 line items), we have 
at last produced a 'concise' 80 page parts catalogue to. 
supplement the popular 'Tecknowledgey' series of 'wordy' 
applications catalogues, which now lists a wide range of basic 
components - as well as our unique RF and Communications 
components. The World of Radio and Electronics contains 
everything the informed electronics user needs, at prices 
which we guarantee will match the lowest on the market for 
equivalent product. 

Prices appear on the page alongside the part numbers. and 
the catalogue is now updated quarterly - available either 
direct from here ( 60p all inc) or at most newsagents and 
bookstalls where you can find electronics publications. So 
as well as all the 'run-of-mill' items like resistors, capacitors, 
hardware, solder etc - you now have the first genuinely 
complete parts source for the radio, communication, elec
tronics, computer user. 

Ambit International 
200, North Service Road, 

Brentwood, 
Essex CM14 4SG 

WW - 070 FOR FURTHER DETAILS 

Abacus Electrics 10 Barley Mow Passage, London W4 4PH England 
Telephone : London 01 -994 6477 Telex 8811418 

WW - 067 FOR FURTHER DETAILS 

1 OOR 1k ibk 

METALFILM RESISTORS : ;g ~ m :;~ 
130R 1 k3 13k 

1% Tolerance, Y4 Watt :~g~ -:~~ :~~ 
180R 1 k8 18k.' 
200R 2k 20k 
220R 2k2 22k 
240R 2k4 24k 
270R 2k7 27k 
~OOR 3k 30k 
330R 3k3 ':f3k 
360R 3k6 ,36k ' 
390R · 3k9 39k 
430R 4k3 43k 
470R 4k7 47k 
5 10R 5k1 51k 

· 560R 5k6 56k 
620R 6k2 62k 
680R 6k8 68k 
7 50R 7.k5 75k 

lOO·k· 
1 10k 
120k 
130k 
150k 
160k 
180k 
200k 
220k 
240k 
2 70k 

:r.JOk 

470k . 

560k 

680k 

820R 8k2 82k 820k . 

ON.LY 3 EAC·H· 910R 9k 1 91k 1M . p Special Offer: 5 PCS of EACH (445 RESIS-
Minlmum order £10 TORS) ONLY £11.50. 

Minimum 5 pes per value High Quality High Stability, Huge 
89 Values (E24) Strength. -

VAT incl'!~~e. Add £1.00 p&p~l!!'reas. 

·ORION SCIENTIFIC PRODUCTS LTD . . 
. 4 Golden Square, London, W.1 · 

From the June issue, Practical Wireless becomes an 
"all radio" magazine, covering all the techniques and 
applications of radio, including licensed amateur radio, 
short-wave listeni~g, OX {long-distance) broadcast 
listening and viewing, radio control, etc., plus the latest @. developments on the CB scene. 

~fi(1@~@00 

I 
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LCD DIGITAL 
MULIIMEIERS 

[WHILE STOCKS LAST!] 

MODEL6110 

• LIMITED OFFERS 
WHILST STOCKS LAST 
• ORDER BY POST OR 
PHONE IN WITH 
BARCLAY -VISA -
ACCESS-TRUST 
CARDS. 

3% Digit LCD featuring 23 ranges 
with volts/ohms autorange, unit 
and sign indicators, 10 amp AC/DC, 
battery warning, low power ohms 
ranges . Range hold and continuity 
buzzer. Fuse protected . Resolution 
0 .1 mV DC, 1 mV AC, 10 microamp, 
0.1 ohms. Supplied with battery and 
leads. 
Fitted top quality rotary switch . 

Was £85 .95 as advertised by us 

Now £59.95 post paid . 
plus free carry case. 

RANGES 
AC/DC Current-20mA/200mA/10 amp. 
DC Voltage (auto)-200mV/2V/ 
20V/200V/1000V. 
AC Voltage- 2V/20V/200V/600V. 
Resistance (auto) - 200/2K/20K/ 
200K/2000K 'ohm . 

ALSO AVAILABLE MODEL 6220 
As 6110 but without range hold and continuity buzzer. 
Only two AC/DC 200mA/10 amp ranges i.e. 22 ranges . 
Was £55.95 . Now £42.95 post paid. 

* CHl, CH2:5mv/div-20v/div. . 
*Time Base: 1 sec/div-lOOns/dlv. 

Trigger 
* Z-Modulation. * XY Facility : Matched XY inputs. 

*Trigger: Level control,± Slope 
* CAL output 1 v 1kHz. 
* Graticule blue ruled 8x10 div. ~4in. CRT) 
*Size: H215mm, W165mm, D280mm. selection. 

*Auto, Normal, TV Triggering. * Weight: 4kg . 

SAFGAN ELE 
24 GUILDFORD ROAD. WOKING, SURREY TEL. WOKING (04862) 69560 

Carriage: England & Wales £6.50 + V.A.T.; Scotland £9.50 + V.A.T. mJ 
London Stockist: Audio Electronics- Tel : 01-724 3564 ' ·_.;' 

H<n_.-••ith""""' North-West Stockist Oarom Supplies, Warrington, Ches.- Tel : Warrington 64764 ~~-~ 
Avon Stockist L. F. Hanney, Bath. - Tel : Bath 24811 -

Cardiff Stockist: Steve's Electronics Supply Co .. Cardiff- Tel : 10222141905 
Chesterfield Stockist Kays Electronics, Chesterfield- Tel : (0246) 31696 
Newcastle Stockist Aitken Bros. & Co., Newcastle - Tel: 063226729 
Birmingham Stockist: P.A.T.H. Electronic Services- Tel: 021-327 2339 

Oerby Stockist: RTS, Derby - Tei : (0332141235 

WW - 062 FOR FURTHER DETAILS 

Microcomputers are coming -
wave! Learn to program. 
Millions of jobs are threatened but.------------==""!":::......;~ 

miUions will be created. Learn 
BASIC - the language of the small com
puter and the most easy-to-learn com
puter language in widespread use. Teach 
yourself with a cou.rse which takes you 
from complete ignorance step-by-step to 
real proficiency, with a unique style of 
graded hints. In · 60 straightforward 
lessons you will learn the five essentials of 

programming: problem definition, 

flowcharting, coding the program, 
debugging, and clear documentation 

Computer 
Progr~~mming 

•------ In Baeic (CPBI 

£10.50 

BOOK ·1 Computers and what they do well; READ, DATA, PRINT, powers, brackets, 
variable names; LET; errors; coding simple programs. BOOK 2 High and low level languages: 
flowcharting; functions; REM and documentation; INPUT, IF ... . THEN, GO TO; limitations of 
computers, problem definition. BOOK ·3 Compilers and interpreters; loofils, FOR ... . NEXT, 
RESTORE; debugging; arrays; bubble sorting; TAB BOOK 4 Advanced BASIC; subroutines; 
strings; files; complex programming; examples; glossary . 

2~ . 

Also THE BASIC HANDBOOK (BHB) £14.50. An encyclopaedic 
guide to the major BASIC dialects. A must if you use other 

oples' p rams. New completely revised edition. 

: ALGORITHM WRITER'S GUIDE IAWG) £4.00 Communicate 
flow chart! Learn to use Yes/ No questions for: procedures, system 

islation etc. 

Understand 
Electronics 
Written for the student or enthusiast, this 
cou rse is packed with inf orma t ion, 
diagrams, and questions designed to lead 
you step-by- step through number 
systems JJnd Boolean algebra t o 
memories, counters, and simple 
arithmetic circuits; and finally 

understanding of the design and 
tion of calculators and computers 
BOOK 1 Decimal Octal, hexadecimal. and binary number systems and conversion between 
number systems; negative numbers; co.mplementary systems. BOOK 2 OR and AND func
tions; multiple-input gates: truth tables; De Morgan's Laws; canonical forms; . logic conven
tions; Karna'ugh mapping; three-state and wired logic. BOOK 3 Half, full, serial, and parallel 
adders; subtraction: processors and .ALU's; multiplication and division. BOOK 4 flip flops; 
shift registers; asynchronous, synchronous, ring, Johnson, and exclusive-OR feedback 
counters; ROMS and RAMS. BOOK 5 Structure of calculators; keyboard encoding; 
decoding display-data; register systems; control unit; PROM; address de-coding . BOOK 6 

· CPU; memory organisation character representation; program storage; address modes; in
put/ output systems; program interrupts; interrupt priorities; programming, as~emblers; com

executive 

DIGITAL COMPUTER LOGIC & ELECTRONICS (DCL) £8.50 
A course covering the material in italics above, but at a slower pace. 
(4 vols) 
GUARANTEE- No risk to you . If you are not completely satisfied your money 
will be refunded without question, on return of the books in good condition . 

CAMBRIDGE LEARNING LIMITED, UNIT 38, RIVERMILL SITE, FREEPOST, St. IVES, 
HUNTINGDON PE17 4BR 

--------------------------------------PLEASE SEND ME:- CPB (£10.50) 

~ BHB (£14.50) 
Quantity 

AWG (£4) 
DDS (£14) 

FOUR WAYS TO PAY: 
DCL !_£8.~0] 

11 A U.K. cheque or a U.K. postal order (Not Eire or overseasl 
21 A bank draft, in sterling on a London bank (available at any major bank I 
31 F!lease charge my Access/M.Ch0 Barclay/TrustCIVisa 0 Am . Exp.O Din~rsO 
41 Or phone us with these credit card details - 0480 67446 lansaphonel 24 hour service. 

Expiry date.... ........ ............. ... ... .. .... . ........ .................. . . 

Card No.. .... ....... .............. . .. . Signed 

THESE PRICES COVER THE COST OF SURFACE MAIL WORLDWIDE. AIRMAIL: 

Please ask for prepayment invoice 

Neme . . 

Addre ... . 

Cambridge Learning Limited, Unit 38, Rivermi ll Site, FREE POST, St. lves, Huntingdon, 
Cambs PE17 4BR England. U.K. Delivery : up to 28 days 

Reg. in Eng . No. 1328762 

WW - 061 FOR FURTHER DETAILS 
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AWARD YOURSELF 
THE DMC 

FOR SERVICES TO 
MEASUREMENT 
Phi lips amazing new Digital 
Measurement Centre is so much 
more than an ordinary 41/2-digit 
autoranging instrument. Just look at 
all these quantities which the 
calculating power of its 
microcomputer allows the DMC to 
measure: 
* Volts, current and resistance 
* Frequency 
* Time 
* dB (and relative dB) 
* Peak voltage 
* Relative reference 
* Temperature 
* Diode forward volt drop 

I 

tn addition, it's got 5% longer 
ranges than usual, compensated 
current measurements and self-test 
and calibration. 

For a free eight-page colour leaflet 
about the DMC, circle Reader 
inquiry number 220 

~ Test & Measuring 
~ Instruments · 

ANALYSER WITH DISASSEMBLY 
PM 3543 logic analyser: 
* Disassembly option for a large 

list of popular microprocessors 
-costs less than a single 
personality module from other 
manufacturers. * Logic analyser with option 
package coveri ng 14 micro
processors and RS 232 
interface costs less than 

£4,000. IEEE interface also 
available. 

* Sophisticated nested triggering 
with additional c lock and trigger 
qualifiers. * Interactive 35 MHz oscilloscope. 

Reader inquiry number 221 for a 
colour brochure. 

WIRELESS WORLD OCTOBER 1981 

NEW 
OSCILLOSCOPE 
IS A DIGITAL 
WONDER 
Philips PM 3310 60 MHz digital 
storage oscilloscope has 
capabilities extending way beyond 
traditional limits- and those of 
competitive instruments. Here's 
why. . * Four memories (each 256x256) * 50 MHz sampling rate * Timebase of 60 minutes to 

5 ns/division * Digital delay of -9 to 9999 
divisions. 

* Rol l mode up to 60 mm/division * Display of stored signal 
parameters * Plot-out facility as standard * IEEE/IEC bus compatible 

Reader inquiry number 222 for a 
colour brochure. 

NEW COUNTERS ALSO MAKE 
MORE OF 

THE MICRO 

PM 6670 family of reciprocal 
universal frequency counters: * 120 MHz, 550 MHz or 1.5 GHz 

high resolution computing 
counters * Unique "counter on a chip" 
design and microprocessor 
control for maximum rel iability * Reciprocal counting at low 
frequencies eliminates ±1 cycle 
error. Automatic switchover to 
conventional counting at 
10 MHz 

* Continuously variable 
measuring time with display 
readout * Error-free tr-iggering with noise 
suppression * Choice of time base crystal 
oscillators to match 
applications and budgets . * Facilities for cw, burst, multiple 
burst, frequency average and 
arming * Interface options include IEEE 
488/IEC 625 bus, talker/listener * May be operated from internal 
battery option, mains or 11 .8 to 
28VDC 

Reader inquiry number 223 for a 
colour leaflet 

MUCH MORE 
TO OFFER 

The instruments shown in th is 
advertisement are a small selection 
from the wide Philips Test and 
Measuring range. 

Circle the inquiry card numbers, 
listed below, to receive 
information about relevant 
product groups. 

Alternatively, 'phone Cambridge 
(0223) 358866 and speak to ?ur 
Commercial Off ice on extensions 
145 or 148. 

Inquiry No. 
PM 2521 digital measurement . 
centre . 220 
Logic analysers 221 
PM 3310 digital storage 
oscilloscope 
PM 6670 counter family 
25/35 MHz oscilloscopes 
100 MHz oscilloscopes 
Pulse generators 
LF instruments. 
Multi meters 
Counters range 
Recorders 
Philips Microcomputer 
Development System 
Audio and video 
service equipment 
Power supplies 

· and stabilizers 

Pye Unicam Ltd, 

222 
223 
224 
225 
226 
227 
228 
229 
230 

231 

232 

233 

Phil ips Electronic Instruments Dept, 
York Street, Cambridge CB1 2PX 
Tel (0223) 358866 Telex 817331 

PHILIPS 
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Invention - the . orphan 

In the last century, life for anyone but the 
intentionally static, self-sufficient and 
unaware was restricted, although it is 
probable that few were seriously worried 
by the restrictions: a delay of several days 
in hearing the news that Wellington had 
won, or a journey from York to London 
that occupied three whole days would 
cause little trouble. Nevertheless, any 
improvement in mobility, the spread of 

· information and education and an easing of 
the severity of life in general was greatly to 
be desired. The Industrial Revolution had 
its origin in these conditions. 

Since human nature does not change 
rapidly, if at all, it is unlikely that many of 
the engineers and scientists who brought 
about the fundamental change in life style 
of the western world did so with any sense 
of altruism. Then, as now, a man had an 
idea and was unable to rest until he had a 
piece of hardware that worked; and if it 
did, there was a chance of making some 
money out of it. There is nothing whatever 
wrong with that - it is a dream cherished 
by most engineers- and the inventions 
changed the world for the better, in most 
cases. The process was apparently logical: 
an engineer saw a need and proceeded to 
satisfy it. It may have been that the idea 
was attractive technically and the inventor 
would have gone ahead without any other 
stimulus, but needs were numerous and 
almost any advance in engineering was 
useful in some field or other. 

Long before the middle of the present 
century, the majority of man's pressing 
material and cultural needs had been 
attended to, in the 'developed' countries, 
at least. But the drive to be inventive 
persisted: provision began to precede 
requirement and eventually to create it -
not once, but annually. In the field of 
technology concerned with domestic, as 
opposed to industrial engineering, it is 
now commonplace for companies 
mesmerized by their own expertise not to 
perceive a need, but to satisfy a non
existent one. Devices are designed and 
produced in vast numbers before the 
public has shown any indication of 

wanting them or even knowing what they 
are, simply because they are technically 
possible. Not only that, but before the first 
round of production and the subsequent 
'creation' of a market for it is finished, the 
next version is hurled at us, in slightly 
modified form and possibly incomp~tible 
with the first. · 

In recent years, this inversion has 
occurred at least four times. In the early 
1970s, perfectly ordinary citizens suddenly 
discovered an inescapable need to possess 
pocket calculators . These devices were 
made solely because it was possible to 
make them, but that having been done, the 
market creation had to begin. Before long 
we were seeing housewives using 
calculators to add up their supermarket 
bills: they do not do that now- the 
'need'' created by advertising, evaporated 
as quickly as it was formed. 

The same process brought into being the 
digital watch. It was not easy to make the 
digital output drive hands, so the.inferior 
numerical display was adopted as a 
substitute. Advertising created a demand 
for the watches - no public outcry had 
forced their development - and we will no 
doubt find hands in fashion again quite 
soon. Passing over the sorry business of 
quadraphonic sound, in which the 
participant companies were too clever for 
their own good and did not manage to 
persuade the public to think otherwise, we 
have now reached the video disc, a 
development which appears to have little 
to offer over video tape, and which could 
conceivably prove to be the sticking point 
for a baffled and possibly resentful public. · 
In this case, not only does the need not 
exist; it didn't exist when it was satisfied 
the first time, with tape machines, in the 
domestic sphere ilt any rate. 

To pursue technology for its own sake 
and to pay for it by exploiting the public's 
total and uncomprehending belief in 
technology is, at the very least, open to 
question. A professional soldier may 
become a mercenary if he runs out of · 
official wars, but an engineer has no need 
of that- the world is full of ready-made 
problems to solve without inventing them. 
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Interfacing microprocessors 
Design, operation and application of a 11Universal" interface board 

by J.D. Ferguson, B.Sc., M.Sc., M.lnst.P., J. Stewart, and P. Williams, B.Sc., Ph.D., M.lnst.P. 
Microelectronics Educational Development Centre~ Paisley College of Technology. 

By using a range of practical circuits, 
this series of articles explains how to 
interface microprocessors to other 
electronic and electromechanical 
systems. The emphasis throughout is 
on providing economical solutions for 
educational and industrial 
applications, rather than achieving 
the ultimate performance. Part one 
describes a "universal" interface 
board which is directly compatible 
with the 6502, and later articles 
describe hardware and software 
modifications for other 
microprocessors. A range of extra 
funtions which do not need to be 
connected to the address or data bus 
will also be described later in the 
series. 

Fig. 1. Basic interface system which uses 
three main i.cs to provide a range of 
functions. Further circuits which do not 
need to be connected to the address or 
data bus can be easily added on daughter 
boards. 

Acorn system bus 

Most people interested in or involved with 
microprocessors now realise that there is a 
gap between a microprocessor and its ap
plication. This is an inevitable result of the 
different aims and skills of the partici
pains. The electronics engineer concen
trates on the circuits, the architecture and 
the bus structure, but to the user these are 
almost irrelevant. A mechanical engineer 
may know the functions that the micropro
cessor should perform, but cannot connect 
the device to the hardware it must control. 
A strain-gauge speaks in millivolts, but a 
microprocessor listens in bytes and sends 
out binary data. For each problem there 
are solutions, although they are sometimes 
difficult and costly or involve additional 
work by the user. 

Wheri designing an interface the most 
important and difficult decisions to make 
are which microprocessors/mi
crocomputers should the interface be 
directly compatible with, how many others 
could . be adapted, and the bus structure 
and board format to meet these require
ments. The board and bus structure are 
closely linked and may constrain the 

16 analogue inputs 

dtoa 
J------_.. Analogue output 

ZN425E 

choice of microprocessor. For example, 
the SlOO bus supports the 8080/280 family 
but boards have been designed for the 
6800 family . However, the large board size 
and mixed power supplies make the SlOO 
an unsuitable format. The high cost of 
Multibus and other industrial standards 
makes them inappropriate for educational 
use. 

An economical and standard board is the 
Eurocard which is widely available and can 
be mounted in standard racks. The Acorn 
bus structure, which was chosen, enables 
the interface to be directly used with a low 
cost unit, a rack-mounted system, or the 
new BBC computer. However, with suit
able interconneCting cables, the interface is 
equally compatible with the Aim 65, Apple 
and Pet. 

The choice of functions is a compromise· 
between the desirable and the econo
mically feasible. The final design includes 
digital-to-analogue conversion, analogue
to-digital conversion with 16 input chan
nels, 16 line i/o ports, 8 output drivers, 2 
counter-timers, serial i/o and handshaking 
lines. , As many microcomputers and 
microprocessor boards already offer a few 
functions, the corresponding i.cs can be 
omitted on the interface without affecting 
the remaining functions. 

The parallel i/o ports, handshaking, 
counter-timer and serial i/o are all achieved 
with a 6522 v.i.a. (versatile interface 
adapter) whose programming can be as 
complex as the c.p.u. if all possible func
tions are considered. However, by starting 
with the parallel ports and gradually in
cluding the other options, programming 
can be kept manageable. The d-to-a 
converter is based on a ZN425 which, with 
extra gating, can be used as an a-to-d 
converter. To increase the d-to-a flexibil
ity, the parallel ports can gate the d-to-a 
output to a series of sample-and-hold cir
cuits. Although this technique slows down 
the response, it is satisfactory where, for 
example, multiple analogue outputs are 
required to drive electromechanical loads. 

An important part of the interface is the 
ADC8017 16-channel successive approxi
mation a-to-d converter. This device con
tains internal switching and gating which 
allows it to be connected directly to the 
address and data lines of most 8-bit 
microprocessors. Although the 8017 is not 
particularly fast, the ability to scan 16 anal
ogue channels and load the data into 
memory with simple hardware and soft
ware makes it an ideal device for data-
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Block select 

WIRELESS WORLD OCTOBER 1981 . - . . . ... 

Position in page 

Link 
position ~~~~~~~~ 

74LS139 
0. 1 2 3 

Address ' 
bus 

v.i.o. 

a to d 

d to a 

Fig. 3. Address decode circuit. Two binary-encoded switches allow independent selection of block and page. 

logging systems. To complete the in
terface, output drivers are provided for 
switching l.e.ds and opto-coupled devices 
such as transistors and thyristors. C.m.o.s. 
logic is used for the output drivers to 
prevent loading port B which can then be 
used with external signals. If the l.e.ds on 
the board are used, and the interface is 
plugged into a suitable microprocessor 
system, no additional connections are re
quired to run and test i/o programs. Also, 
by linking the d-to-a output and a-to-d 
input lines, both functions can be tested at 
the same time. Although these points may 
seem trivial to the experienced user, 
simple demonstrations have proved to be 
valuable for beginners. Extensions to this 
board could include opto-coupled 
switches, power control devices, signal 
conditioning, e.p.r.o.m. programming 
and microprocessor communication. 
These options, which will be covered later 
in the series, are not necessarily connected 
to ' the address or data bus and can 
therefore be added on a daughter board or 
via a socket on the original board. In each 
case a circuit will be described, which can 
plug into . one or more of the popular 
microprocessors, together with details of 
how it can be modified to suit other 
systems. 

The arrangement of the three main com
ponents in the basic interface is shown in 
Fig. 1. Each device is connected to the 
control and data bus, and 'is memory 
mapped by the address decode circuit. The 
v .i.a. and a-to-d converter each require 
sixteen memory locations for their internal 

registers and input channels respectively, 
and each location is selected using the four 
least-significant address lines AO to A3. 
The single channel d-to-a converter re
quires only one location. 

Sets of switches and l.e.ds are linked to 
the v.i.a. so that external loads can be 
driven and sensors monitored to allow i/o 
simulation while developing programs. 
The 6522 has several other capabilities 
which will be covered in a later article. 

Memory maps and address 
allocation 
Each component in a computer system 
must have one or more memory addresses 
assigned to it, and the designer allocates 
memory space according to the compo
nents importance or convenience. With a 
memory space of 64K bytes it might seem 
simple, but as a system expands more and 
more memory space is pre-empted. To 
ensure that this interface or other new 
board can be used with different systems, 
the memory maps must be compared to 
identify their unused areas. Fig. 2 shows 
the memory maps of several standard 6502 
systems and a typical 8085 arrangement for 
comparison. All 6502 systems have r.o.m. 
at high order memory, although only the 
top few bytes which include locations used 
for the automatic start-up procedure are 
essential. It is convenient to use adjacent 
areas for r.o.m., though some gaps may be 
left for other functions as in the Apple and 
Pet. There is normally r.a.m. in zero page 
(the first 256 bytes) and memory access to 

this area requires fewer bytes and less time 
using the zero-page addressing mode of the 
6502. It is sensible to use this facility for 
rapid access to data which is required re
peatedly by various programs. Page one 
(location 256w- 5llw) also contains r.a.m. 
because the 6502 uses this page as the stack 
for subroutine jumps and interrupts. 

The Aim 65 and Acorn system 3/4 fol
low a similar format which allows the user 
to adapt the computer for a particular ap- · 
plication. This flexibility has made · them 
popular in colleges and universities. Al
though the Apple and Pet are also popular 
in engineering and scientific applications, 
they are ideal programmers' computers, 
filled to the brim with memory. 

The address decode circuit shown in 
Fig. 3 is the result of several design 
changes to give the interface board the 
flexibility needed for operation with sev
eral systems. Two binary encoded switches 
allow independent selection of block and 
page, i.e. the first two digits of the four 
digit hex address, via exclusive-OR gates 
which monitor the top eight bits of the 
address bus. The 74LS139 decoders pro
vide chip select to the d-to-a, a-to-d and 
v.i.a., allocating sixteen sequential 
memory locations to each, and modify the 
addresses via links by adqing 40, 80 or CO 
to the chosen base address. Therefore, the 
circuits can be added to any compatible 
microprocessor system that has an unallo
cated memory space of at least 64 consec
utive bytes. Where memory space is not 
critical, parts of the decoding circuit can 
be omitted. 
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Fig. 5. Board layouts and component 
location diagram. Assembled boards and 
kits will be available from Control 
:Universal, 11 Bush House, Bush Fair, 
Harlow, Essex. CM186NS. 

The comple~e int~rfa~eis shown in Fig. 
4. The decodmg c1rcmt on the right is· 
wired to the address bus on the Eurocard 
connector. Additional gating is provided 
for the d-to-a and a-to-d converters and 
b.oth devices have protective resistors and 

, simple capacitive filtering to reduce noise. 
The a-to-d converter also has the option of 
a shunt resistor on each channel for use 
with current inputs. The reference for this · 
device can be provided from the reference 
of the ZN425 or from the separate LM317 
regulator. This can be trimmed to give, for 
example, 2.55V which is convenient for 
lOmV steps in the a-to-d conversion. 

Part 2 describes the functional blocks in 
detail together with simple program 
examples. 

Corrections - Satellite 
tracking by home 
computer 
O~e or. two errors in the second part of this 
arucle. m the September '81 issue need to 
be pomted out: At the top of the third 
column on page 67, DC should read DE 
In line 16 of the BURP program, N=CS 
SIN should read N = S SIN and the 
beginning of line 36 should read IF W>O 
A= 180 A + !. We apologise for these 
errors. 

WIRELESS WORLD OCTOBER 1981 , 

System coMector 

hC~ 
,..~ -7-4l-S 3-73-, 

·o,O}J ~ 
~74LS1361 ~74LS1361 

BIEJ [J 

~ 74LS021 ADC0817 

100n ~1'4-page 
0 o·d~ 

~ 74LS1391 

iAl connector 

WIRELESS WORLD OCTOBER 1981 

Atom Business, by John Phipps. 
llOpp., paperback. 
Phipps Associates, £6.95. 
Nuclear physicists are not necessarily the prime 
audience for this little book, since it contains a 
set of programs for use with the Acorn 
microcomputer in business. Peripherals needed 
are a domestic television receiver and a cassette 
recorder: a printer is useful, but not essential for 
most of these programs. 

Complexity varies from a simple listing to 
perform running addition to a program for de
termining the effects of various parameters on 
the length of a queue - probably this could be 
varied for use in other circumstances, such as 
the piling up of work in a machine shop. The 
reasons for each program are set out and operat-

. ing instructions presented in simple terms prior 
to eac}l listing. 

The book is completely practical in that there 
is nothing on programming as an art - simply 
the programs, including one which will help to 
make a decision on whether to lease or buy 
equipment, a sales record, a nominal ledger and 
one for working out expenses. A cassette con
taining the programs is obtainable from Phipps 
Associates, 3 Down Avenue, Epsom, Surrey 
KT18 5HQ at£7.50, plus v.a.t. 

Video/computers, by Charles J. Sippi and Fred . 
Dahl. 
246 pp., paperback. 
Prentice-Hall International, £5.55. 
Messrs Sippi and Dahl base this book on the 
premise that much of the domestic video, 
viewdata, audio and computing machinery cur
rently considered as separate entities should, 
and inevitably will, be brought together to form 
what they call an integrated ·video computer, 
Such a collection of electronics would, as we are 
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constantly told, bring about a social revolution 
in working habits, communication, banking, 
shopping ... etc, but, although much of the 
technology already exists, there are problems 
still to solve. 

Adopting an extremely methodical approach, 
the authors consider all the ingredients of such 
an integrated system, one by one, and try to 
form an opinion on the way they will develop if 
the i.v.c. is to come along. They view the 
concept from several angles - video, comput
ing, data conversion and communications, ex
plaining what is now in existence and what will 
have to be done in each sector to reach the goal 
of an integrated system. The conclusion is even
tually drawn that the i. v .c. will be with us to
wards the end of the decade, given that legalities 
·and vested interests can be surmounted, and 
·that we will then have a "worldwide network of 
total communications". 

Latest Developments in Sound Broadcasting, 
Ed: John Lovell. 
77 pp., paperback. 
IBA, London. 

Local radio is the subject of the fourteenth in 
the IBA Technical Review series, and contains 
nine articles by IBA staff and consultants. 

Studio design, installation and testing are 
covered in the first three sections, followed by a 
description of the contribution network, which 

enables local nidio companies to send news 
items to IRN jn London for national use. Tech
nical features of the first i.l.r. transmitters are 
reviewed and there is a description of the solid
state Phase 2 stations, including a look at pulse
width modulated (Class D) power amplifiers. · 

A section on the Borehamwood m.f. aerial for 
the London area describes the design of an ex
tremely complex system, which must not only 
cover its service area and avoid other areas ser
viced,by other transmitters, but must do this at 
two frequencies simultaneously. 

Surround sound is discussed, in theory and 
practice, and in the final section the head of 
Long-range Studies looks at the future of radio 
broadcasting. Technical Review 14 is available 
from IBA, Brompton Road, London SW3 IE7. 
No charge for single copies. 

The ZX81 Pocket Book, by Trevor Toms. 
136pp., paperback. 
Phipps Associates, £4.95 (Cassette £5.00). 
Owners of the Sinclair ZX81 microcomputer 
who have worked through the handbook 
supplied may feel the need of additional tuition 
in the techniques of programming. If so, this 
book should be pf assistance. 

To illustrate the sections of instruction (on 
efficient programming, using machine code, 
using data files, etc.) a number of programs, 
mainly games, are presented and explained. The 
book is not simply a rewritten version of the 
ZX80 Pocket Book, but is said to be almost 
completely new, since the ZX81 is quite dif
ferent to the ZX80. Much of the content can be 
used by ZX81 owners who do not possess the 
16K r.a.m. A cassette, containing the programs 
described in the book, is also available. 

Phipps Associates are at 3 Downs Avenue, 
Epsom, Surrey KT18 5HQ. 
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Amateurs view the earth 
By the time you read this, Britain's first amateur 
satellite should be in orbit 330 miles up with an 
inclination of 97.5° and a 98 minute period. 
Organized by the University of Surrey depart
ment of electronic engineering, the launch was 
to accompany a NASA solar Mesosphere Ex
plorer spacecraft, set for September 12 at the 
time of going to press, and is especially interest
ing in Vosat's ability to provide earth pictures 
for display on a domestic tv receiver. The satel
lite will not be fully operational immediately, 
though the v.h.f. and v.h.f. beacons should be 
in use for telemetry; picture transmission 
should start in a few weeks time. 

the pictures are taken by a charge-coupled 
imaging array made by GEC's Hirst Research 
Centre and provides land and sea image data for 
digital transmission over the v.h.f. beacon using 
a.f.s.k. at 1200 bit/s, line synchronous. Image 

format is 256 by 256 element, with 16 grey 
levels, stored in an on-board 0.25 megabit 
memory. The camera is organized to cover 500 
by 500km areas of the earth's surface, with a 
resolution of about 2km, optimized to enhance · 
land features and land/sea boundaries. All being 
well, this experiment will also display processed 
telementry and experiment data in graphical 
form. The University team promise circuitry for 
interfacing with a tv set later in the year. 

Beacons transmit on 145.82SMHz with 4SOW 
and 435.025MHz at 800mW. Further beacons, 
phase-referenced on 7.050, 14.002, 21.002 and 
28.002MHz support ionospheric experiments 
whilst two microwave beacons on 2.401 and 
10.470GHz are for studying s.h .f. propagation 
- intended to help develop inexpensive 
microwave satellite ground stations. The two 
data beacons, v.h.f. and u.h.f., should provide a 

Foxhunter takes the air 
Marconi's Foxhunter, the multi-mode radar for 
the Panavia Tornado 2, made its first flight in 
the Tornado air-defence variant at Warton on 
June 17. Since that date, the radar has operated 
in all its major modes . 

Trials have been progressing at Bedford in a 
modified Buccaneer since shortly after the ini
tial MoD production contract was placed in late 
1979. First deliveries of the equipment are due 
to start in 1982 for RAF service two years later: 
a run of 200-250 radars is the likely figure, 
assuming that defence cuts do not affect the 
number of Tornado ADVs to be built. Further, 
modified radars may be exported later . 

Foxhunter operates in several ways . It uses 
the pulse-Doppler technique to avoid static clut
ter and will search an area, track several aircraft 
simultaneously while continuing to search, can 

display a map of the ground and ' locks on' to a 
target - the Skyflash missiles carried by the 
Tornado use reflected radiation from the target 
for guidance. In the photograph, the truncated 
cone is the two-reflector aerial. The signal is 
launched through the rear dish, is reflected 
from the forward element back to the rear one 
and collimated into the forward beam, the pola
rized radiation firing through the slatted for
ward reflector . A glass-fibre cover forms a skirt 
between the two . 

Foxhunter is extremely compact, compared 
with existing radars, but even so occupies nearly 
all the cross-sectional area of the Tornado nose 
forward of the cockpit. The black object 
protruding from the nose is the 'brim' of a 'top- . 
hat', around the crown of which are arranged all 
the signal-processing modules. 

reliable satellite-to-ground link for reception by 
simple amateur stations: an unmodified narrow
band f.m. receiver together with a fixed pair of 
crossed dipoles should do for most passes. Be
sides normal telemetry data, computer outputs, 
synthesized speech for school demonstrations, 
and earth imaging data are also information 
sources for the beacons. 

The computer is based around the RCA 
CDP1802 microprocessor, enables telemetry 
surveillance, command and status management, 
experiment data storage and processing, disse
mination of orbital data and operating 
schedules, and closed-loop attitude control. It 
has direct high-speed data links with the magne
tometer and radiation experiments, and access 

. to the earth-imaging memory area for image 
processing. Program is resident in dynamic 
r .a.m. loaded from the ground via the telecom
mand link and which can be modified, or re
placed during flight, from ground. Commands 
from ground stations take precedence in cases 
where commands emanate sirimltaneously from 
both the microcomputer and ground. 

Cascade noise 
reduction 
Integrated circuits for the new Dolby noise re
duction system are being sent to licensees this 
month. Made by Hitachi, but designed by Pio
neer, the i.cs are off the mark much sooner than 
expected. Dolby originally said that dedicated 
i.cs would not be available until some time next 
year, but it is undoubtedly market pressure that 
has accelerated development. Dolby say that 
better sound sources, higher listening levels and 
a "genuine market desire" for more noise reduc
tion prompted the new system, which reduces 
noise by up to 20dB. But as competing n.r. 
systems abound now and threaten Dolby's 
growth in this area, Dolby deafly needed to 
come up with something new, having found that 
the B circuit couldn't be pushed far enough 
without adverse effects, both errors in fre
quency response and overshoot . 

So they adopted the approach of cascading 
two sliding-band circuits, each working at dif
ferent levels (rather than different frequencies). 
But although a good amount of noise reduction 
is obtained in this way, as many enthusiasts 
have discovered, it is not altogether satisfactory 
by itself- what is described as a mid-frequency 
"mud" still remains . Dolby found that to re
balance the amounts of high , mid and low-fre
quency reduction the turnover frequency, 
1.5kHz in the _B-system, was best set two oc-

. taves lower at 375Hz for the cascade-circuit. A 
slightly higher compression ratio of 2.2 instead 

· of 1. 9 is used and further circuitry is needed to 
keep side effects down: h.f. de-emphasis at the 
encoder input to reduce mistracking, and a net
work in the low-level stage to prevent tape satu
ration at high signal levels. With this additional 
circuitry the C system, as it is called, is claimed 
to be "at least as free of side effects as the B 
system". Altogether Dolby say the circuitry 
costs 21/z times as much as the B system but that 
falling i.e. prices partly offsets this. 
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Naval radar 
In an effort to help warships survive when at
tacked by an extremely varied, agile and 'intelli
gent' array of nastiness, Plessey has developed a 
new S-hand radar, the AWS-5. 

Many constraints are imposed on such a ra
dar. High-flying aircraft must be detected at the 
same time as sea-skimming missiles; small, fast 
attack craft, which carry sufficient weaponry to 
embarrass a cruiser, may press their attentions 
at precisely the same time as a vertically diving 
missile aims for the funnel. . 

A WS-5 comes in several forrris, for different 
kinds of warship, but the most comprehensive 
variety offers a dual-beam aerial on a stabilized 
platform. The differing sizes and direction of 
approach of attacking objects are catered fo~ by 
aerial design and the use of pulse compressiOn. 
Two 'aerials are used - a main parabolic reflec
tor for low-angle detection and a smaller type 
mounted over the main one for high angles. No 
height-fmding facility is incorporated, both 
beams being narrow horizontally, but some 
discrimination between high and low objects is 
obtained by comparing the returns from the two 
search patterns. The two are multiplexed and 
can be viewed separately. Coded-pulse compres
sion confers long range, high resolution and a 
low peak power requirement: the technique is 
one variety of the 'chirp' process, in which the 
radiation is frequency-modulated during the 
pulse; here, phase changes at each transition of a 
pseudo-random code. Peak power can be kept 
low, which means that the radar is l~ss easy for 
an attacker to detect, and resolutwn can be 
changed by simply modifying the code. The 

High-speed car 
radio 
Richard Noble will make his attempt on the 
world land-speed record in October with Thr~st 
2, which is powered by a Rolls-Roy~e Avon Jet 
engine and which, Noble hopes , wtll move at 
around 700 m.p.h. For the attempt, a number 
of communication channels are neede to link 
support crews at the ends of the run, a hi~h
speed fire tender, timekeepers, an o bservat10n 
aircraft and the driver himself. Racal..:Messenger 
have planned a multiway u.h.f. link ~hich will 
allow several conversations to be earned on su
multaneously, being overriden by transmissions 
from the car, which will be received automat
ically by all units. The aerial is of the 'blade' 
type normally used on high-speed aircraft. 

Yet another application of electronics at 
high speed is in the Grand Prix racing car 
which uses the 'ground effect'. The effect is 
achieved by designing cavities in the 
underside of t'he car which act as ventvris. 
When air passes under the venturis, the car 
is physically sucked down onto the track, 
offering greater stability and consequently 
higher speeds. unfortunately the gap 
between the venturi and the surface of the 
road is critical to the level of suction 
obtained, and it is necessary to establish 
which type of suspension system will give 
the best performance to take advantage of 
the effect in a car which is subjected to a 
constantly changing pitch through rapid 
acceleration and hard braking. The French 
Talbot-Ligier Grand Prix team use a 
Sangamo UDC 100 longstroke 
displacement transducer, linked to on
board monitoring equipment, to record the 
changes in suspension geometry as the car 
is driven at racing speeds. 

coding is difficult to analyse and confuse. 
To avoid jamming, the transmitter uses a 

travelling-wave tube, which can be made fre
quency-agile, while sea clutter is reduced by the 
use of a developed version of Plessey's adaptive 
moving target indication technique. The search 
area is considered as a great number of 'cells', 
which are defined by the transmitted pulse 
length in the radial (distance from transmitter) 
dimension and bearing gates in the tangential 
direction, the average signal level in each cell 
being digitized and stored. Variations in this 
level on succeeding scans are assumed to mean 
that an object has ente~ed or left the cell and the 
return is displayed: if nothing has changed, it is 
blanked. The process is complicated by the mo
tion of the ship, but the principle remains. Two 
foreign navies have ordered the radar, and the 
Royal Navy is said to "interested". 
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' Plessey's AWS-5 radar being vibration tested. 

Although of not such a high speed as the world land-spee~ record, racing 
motorcyclists have similar communications problems wh1ch have been solved by Pye 
Telecom whose mobile radios and 'pocketrones' were u~ed.at the Forr:nula 1.and 
Classic T. T. Races on the Isle of Man. The Driver of the wm~mg Suzuki mach me, shown 
her, was Graeme Crosby and he and his team used the rad1os for a. two-way flow of 
race information and tactical decisions. A further Pye Telecom rad1o syst~m was used 
by the race marshalls, who had mobile radio telephones mounted ~:m the1r . 
motorcycles. This enables them to react quickly in the event of acc1dents, summonmg 
help and warning the organisers. 
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Card phones 
Major London railway and tube stations are to 
have Cardphones installed in a trial for what 
British Telecom call "a step towards the cash
less society." But before you get too excited, 
cashless does not mean broke - Cardphones eat 
Phonecards and that means purchasing either 
forty or two-hundred Sp units in advance. 

towards a cashless society? 

A Phonecard is a piece of plastic similar to a 
credit card with 'holographically memorized' 
call units printed on it. As a unit is used up, so 
that unit is erased, but a warning is given twenty 
seconds before the last unit runs out to give you 
time to fumble for a new card, say goodbye or 
utter an expletive (Cardphones don't accept 
coins). Throughout · a call, though, a readout 
tells the caller how many units are left without 
making a call by simply inserting the card in the 
slot - completely free of charge! 

Long, consecutive and overseas calls to 
countries now on the direct dialling system are 
not hampered by the insertion (and availability) 
of coins, but if you make one call directly after 
another you still lose any remaining parts of a 

40units 

For condi!1ons ot use 
see cardphone ieaflet 

unit, as is the case with present domestic and 
public telephones. 

Each card has one or two tracks, depending 
on its price, on which the call units and other 
information are printed. The extra information 
tells one of the two microprocessors used in the 
system whether or not the card is acceptable, 
i.e., whether British Telecom intended the card 

Small wavelengths - large doubts 
Over the years there has been much mild 
controversy in most western countries over the 
maximum safe level of microwave radiation. 
Recent news that an American body for 
workers' compensation defined the cause of 
death of a radio technician as chronic exposure 
to microwave radiation will hopefully invoke a 
closer look into · the long term effects of these 
rays. 

As in most Western countries, the maximum 
safe level in Britain for continuous exposure to 
microwave radiation is defined as 10mW/cm2, a 
figure 1 ,000 times higher than that adopted by 
the Russians at O.OlmW/cm2• Taking into ac
count that the conditions associated with these 
figures are not exactly the same, the difference 
is still enormous. 

Our maximum level is based on that deter
mined by the Americans nearly 20 years ago. 
According to an International Electrotechnical 
Commissio_n reportt froni 1979, the very large 
discrepancies between standards are due to dif
ferences in approach, namely that the USSR 
standards are based on the possibility of any 
noticeable biological effect, in contrast to ther
mal injury, and most western countries take the 
view that minor reversible effects are not 
necessarily hazardous to man. Also, say the 
IEC, the Russians have used very much larger 
safety factors than most ether countries in defin
ing their limit. As there is, even now, much 

doubt as to the long-term effects of microwave 
radiation, large safety factors seem a sensible 
precaution. 

There are stumbling blocks in researching the , 
effects of microwaves on humans, though, that 
could account for the uncertainty as to the 'safe 
level' of radiation. One problem appears to be 
the lack of a suitable guinea-pig; the position, 
size, density and material of every part of the 
body can be critical. Also, measurements made 
in the 'near field', i.e., the complex field close to 
the antenna which contains electric and magne
tic components additional to those of the main 
propagation field, are difficult to interpret in 
terms of potential hazards. 

According to the National Radiological Pro
tection Board, frequency dependent limits have 
been proposed in the USA to bring down the 
maximum exposure figure to lmW/cm2 at fre
quencies where the radiation has the greatest 
effect on the human body. But only time will 
tell whether these new limits, if accepted, are 
safe, or indeed whether the old limits were on 
the safe side anyway. 
e Research into electromagnetic coupling be
tween a 'thin-wire' antenna and a biological 
body was reported in the IEEE's publication 
dealing with microwaves* last November. The 
research was carried out to assess the potential 
hazard of portable transmitters, especially those 
for c.b., and some intere!>ting conclusions were 

Teletext goes commercial 
You can now buy a page of text on Oracle, the 
six-year old ITCA teletext service, for a weekly 
rate of £400. That page would then be available 
to the 180,000 teletext-equipped sets 
throughout the UK, though the service will be 
available on a regional basis. First Scottish 
Television start their own input unit this 
autumn followed by Channel TV some time 
later, culminating in a fully regional service by 
1984/5 that can offer local news as well as adver
tising - by which time the number of teletext 
sets is predicted to be 3,000,000. Oracle Televi
sion Ltd, formed last year by the ITV com
panies, will promote itself mainly through 

"filler" tv advertisements to the tune of £2 mil
lion-worth of tv "commercials" over a six
month period. 

At about the same time - probably during 
the Department of Industry's teletext promo
tion in October - the number of Oracle lines 
·will be increased from two to four. This allows 
the access time to be reduced typically from 45 
to 20 seconds, which otherwise would become 
unacceptably long as the volume of text pages is 
increa"sed. One feature of this new service is that 
certain advertising not permitted on television 
will be allowed on Oracle - from football pool 
promoters and bookmakers in particular. 

for making public calls ~nd whether the card is. 
indeed issued by them ·and not by any other 
authorities with similar systems. Belgium and 
Austria atready have such systems and the 

· French are making trials. 
The call units are read by a configuration of 

infrared detectors that pick up reflected light 
from the coded patterns on the card. As a unit is 
U:sed up it is erased thermally. 

A second microprocessor looks after the nor
mal routine of the dialling system and allows 
normally free calls such as '999' and directory 
enquiries to be made without the use of a card. 
The system was developed in Switzerland by 
Sodeco, a subsidiary of the Landis and Gyr 
Group who are now supplying the apparaius to 
British Telecom. 

Initially around 120 Cardphones are being 
installed in London and another 80 or so will 
appear in Birmingham, Glasgow and Manches- · 
ter. Phonecards will be available from post 
offices and some retail outlets including railway 
station bookstalls and_ (are counters. 

drawn. According to the article, the power ab
sorbed by a human adult standing 20cm away 
from an antenna with a 30W input at 90MHz or 
140W at 27MHz is the same as would be ab
sorbed from exposure to 10mW/cm2 plane-wave 
irradiation. An average human adult standing 
20cm away from a quarter-wave antenna operat
ing at 20MHz will absorb about 8.5% of the 
antenna input power, but at 90MHz, over 50% 
of the input power will be absorbed as the aver
age height of an adult is about a resonant length 
at this frequency. Electromagnetic coupling is 
increased considerably when the body is in 
contact with the ground, as opposed to being 
isolated, and the body may act as a director 
element when placed close to the antenna. 

t IEC report number 657 'Non-ionizing radiation 
hazards ·in the frequency range from lOMHz to 
300,000MHz.' . 

* IEEE transactions on Microwave Theory and Tech
niques, Volume MTT-28, Number 11 (part 1), 
'Electromagnetic coupling between a thin-wire antenna 
and a neighbouring biological body', by K. Karimul
Iah, K.-M. Chen and D.P. Nyquist. 

Satellite on a 
string 
Sounding rockets remain in the air for only a 
few minutes; low-altitude, non-propulsive satel
lites can gather data for a few hours before their 
orbits decay. A possible solution could be a low 
cost satellite tethered by a long (very long - up 
to 60 miles) super-strong cord to the NASA 
space shuttle. 

Engineers from the Marshall Centre have 
· been carrying out feasibility studies with space 

scientists from Italy for what could be the first 
US/Italian cooperative space project. The Ita
lians could build the satellite and the Americans 
would supply the equipment necessary to 
handle it. The satellite, attached to the shuttle 
by the tether line, would be trolled through the 
Earth's upper atmosphere in a very low orbit, 
perhaps only 80 miles above the Earth, for an 
extended period. It would be used to gather data 
on the atmosphere, the magnetosphere and 
gravity. The system is likely to become opera-. 
tional by the mid 1980s. 
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Integrated circuit design 
Understanding the ~ature of bl~ck ~axes may make a 

significant contnbut1on to c1rcu1t performance 

The starting point for this series of 
articles is the i.e. that perhaps has 

~done most to encourage the 
application of op-amps as a simple, 
cost-effective solution to circuit 
problems. 

Historically, the 741 device was intro
duced by Fairchild at the end of the 1960s, 
along with several other second-generati?n 
i.cs from rival manufacturers, as an In

ternally-compensated improvement upon 
Bob Widlar's dassic 709. In the Fairchild 
~-tA741, most of the minor operational 
problems of the 709 were reduced to an 
extent that they were no longer incon
venient in use, and the 7 41 then became a 
nearly ideal building block for low fre-
quency applications. . 

Understandably, many of the mternal 
circuit facilities such as output short-cir
cuit protection were similar to, and 
inspired by the same requirements as, 
those being introduced in the discrete 
component audio amplifier designs c.urr~nt 
at the tilne. However, the standardization 
on the use of separate + and - supply 
lines, together with nearly identical invert
ing and non-inverting inputs and the use of 
circuitry which allowed a high degree of 
supply line isolation, presaged de
velopments which the discrete component 
amplifier designs were not to adopt at all 
widely for many years. 
I have shown the circuit, in very simplified 
form in Fig.l, with the necessary apology 
that ~ simplification of this type inevitably 
takes liberties with the actual design, sim
ply because a more accurate r~pres~ntat~on 
of its form would hardly be a simplification 

Why look inside? 

There are three ways in which a better 
understanding of the internal des~gn .of 
linear and quasi-linear integrated ctrcults 
can help the engineer: more satisfactory 
performance of circuits following from a 
greater appreciation of their streng~hs a~d 
limitations; possible use of acc~sst?le m
ternal circuitry in unusual apphcauons (a 
rich hunting ground in some of the mo~e 
advanced units); and as an encyclopaedia 
of ingenious circuit design techniques, 
worked out by some of the most competent 
and resourceful design engineers. 

Choice of the 741 as the starting point 
for this series stems mainly from a feeling 
that it was this i.e. more than any other 
which was responsible for the reconcilia
tion of linear circuit engineers to the idea 
that most of the circuit functions they had 

by J. L. Linsley Hood 

at all. For. example, although I have shown 
the input transistors as a p-n-p long-ta,iled 
pair, because this is effectively how they 
operate, they are in reality a rather more 
complex arrangement to allow the use of a 
pair of n-p-n devices in the in~ut stage -
in a modified cascode connectiOn - of a 
form which is identical to, and perhaps 
inspired by, a circuit proposed a couple of 
years earlier*. 

The reason for this rearrangement, 
shown in Fig.2, is that it is very difficult in 
conventional bipolar technology to fab
ricate p-n-p transistors which have any 
respectable cur~ent gain hpE, except in the 
case where the collector is electrically con
nected to the p-type substrate such as in 
the output device. Other p-n-p devices 
must be of the lateral type, as shown in 
Fig.3. These are robust, but generally 
have hFE figures only in the range 5 to 25, 
depending on the skill of the manufacturer 
in defining small gaps in his diffusion 
masking. 

In addition, great use is made in i.e . . 
manufacture of current mirrors of one 
kind or another. These are circuit arrange
ments in which the output limb looks and 
behaves like a conventional high-im
pedance constant-current source, but with 
an output current controlled by an input 
current fed into its other limb from some 
external source. The output current then 
mimics or mirrors the input current. I 
have shown three of the more commonly 
used types in Fig.4t. The popularity of 
this type of circuit element in i.e. manufac-

*Linsley Hood, J. L., Electronic Engineering, 
March 1967. (Letters) . 

implemented using discrete components 
could be done by integrated circuits, with 
improvements in simplicity and cost 
effectiveness. 

In spite of all its limitations, in gain and· 
phase-shift, slew rate and input bias ~ur
rent demand, there are many applicatiOns 
in which the 741 gives excellent service. 
This applies in. audio and medium fre-' 
quency applications so long as the asso
ciated circuitry is designed with an eye to 
its strengths and limitations. In addition 
there are a vast number of other circuit 
usages in which the very high d.c. and l.f. 
gain of this i.e ., coupled with its good 
rejection of supply line voltage fluctuauons 
and its ability to operate with input d.c. 
levels almost anywhere between the limits 
imposed by its supply voltage lines, make 
the life of the linear circuit engineer much 
simpler thanit was some 15 years ago. 

ture arises from the fact that resistors and 
capacitors are inconvenient to construct in 
any large values, whereas transistors and 
diodes are easy. Moreover, if a current 
mirror is used as a load, an improvement · 

in gain can be won. 
This allows, for example, better opera

tion of an input long-tailed pair wherein 
the loss of gain due to the normal halving 
of the gm of the input devices is_ recovered 
together with an improved eqUivalence of 
gain between the two inputs of the long-

tailed pair . . . 
The operation of this type of circUit, 

taking for example the simplest arran?e
tnent of Fig.4a, hinges on the fact that If a 
transistor is forward biased so that it passes 
a certain collector current, the voltage 
across its base-emitter junction will then 
be precisely that which is required to cause 

tDavidse., J., Integration of_Analogue 
Electronic Circuits. Academtc Press. 

Inverting 
input 

Fig. 1. Simplified input circuit operates as· 
p-n-p long-tf]iled pair but in reality input 
devices are n.p.n. 

Fig.2. Because of difficulty in fabricating 
high-gain p-n-p transistors input 
arrangement uses n-p-n types in modified 
cascode circuit. 

--------:---- + 

n-p - n 

1-----------Vref 
Lateral p-n-p 

www.americanradiohistory.com

www.americanradiohistory.com


44 

an identical transistor (such as one diffused 
at the same time on the same chip and 
having the same junction area) to pass the 
same current. This is not strictly true in. 
practice because the input current will be 
greater by two lots of base current. 
However, if this was important, the mask 
used in the diffusion process could cause 
Tr2 to be slightly larger than Tr1. The 
circuits of Fig.4b and 4c minimize this 
error. My own shorthand symbol for the 
current mirror configuration is shown 
beneath, and I have used this in subse
quent drawings. 

In the full circuit of the input stage, 
shown in slightly simplified form in Fig.5, 
a three-transistor current mirror of the 
type shown in Fig.4b is used as the load for 
the input long-tailed pair, and an inge
nious combination of two simpler ( 4a type) 
current mirrors, transistors 8 and 9 and 10 
and 11, is used to stabilize the operating 
currents of the input devices. The way this 
works is by means of a d.c. negative feed
back loop. If the total current of Tr1 and 
Tr2, which should not contain any signal 
components, tends to increase, then the 
current output of the mirror Trg, Tr9 \fill 
also try to increase. However, this is 
effectively fed from a constant-current 
source (the output of the current mirror 
formed by Tr10 and Tr11 ) so the only thing 
which can happen is for the base voltage on 
the p-n-p transistors Tr3 and Tr4 to be
come more positive, which reduces the 
throughput current of the input stage be
cause it effectively reduces the forward 
bias on the input transistors at the same 
time. 

The interaction of these current mirrors 
also operates to minimize the magnitude of 
any unbalance currents in the input stage, 
which improves its symmetry, while 
simultaneously acting to lessen the extent 
of any breakthrough of signal components 
froin the supply lines. . 

The second class-A amplifier stage and 
output stage, as shown in Fig.l, is of con
ventional form - the traditional high-gain 
small~signal amplifier followed by unity
gain power output stage, as spelled out so 
many years ago in this journal by . Tobey 
and Dinsdale. High-frequency loop stabili
zation is achieved by the simple and 
effective expedient so common in early 
"hi-fi" amplifier circuits of a capacitor be
tween collector and base, as shown. This 
leads to a few avoidable limitations which 
are discussed later. 

Base 

Emitter Collector 

Fig.3. Lateral type of p-n-p transistor, 
though robust, has low value of hFE, 
generally from 5 to 25. 
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Fig. 4. Output current mimics input current in these current mirror ~ariations, all much· 
more easily integrated than resistors and capacitors. . 

As shown, the output stage would have 
no protection against damage due to out
put short Circuits. This is accomplished by 
the use of a pair of n-p-n transistors (the 
preferred type), as shown in the more com
plete diagram of Fig.6, one of which is 
connected across the emitter resistor of 
Tr14, and will take the current from the . 

·input to this if the voltage drop across this 
resistor exceeds its own base turn-on 
voltage, and the other (Trz2) which acts in 
the same way in respect of the Darlington
pair class A amplifier stage Tr16, Tr17. The 
output stage forward bias is provided con
ventionally by an "amplified diode" Tr21 
to give a quiescent current in class AB 
operation of about l.SmA. 

The final circuit of the complete i.e. is 
shown in Fig. 7. I have actually shown that 
used by National Semiconductor, but all of 
the commercial 7 41 s use a closely similar 
structure. In this, the only item not cov
ered so far is the provision for offsetting 
inadvertent d.c. error at the output. This 
is done by putting a pair of resistors in the 
emitter leads of the current mirror used as 
the load for the input stage. If one or other 
of these is reduced relative to that in the 
other limb the current in that limb . for 
balance will need to be greater; which calls 
for a change in input potential for that 
input device to maintain status quo. As this 
will not happen normally, the result of the 
adjustment will be to provide an output 

, voltage shift equivalent to the stage gain 
multiplied by the required input offset. 
This provides a convenient means for ob
taining a small shift in the output d.c. 
level, with minimal interference in the per
formance of the i.e. as a whole. 

Performance 
The d.c. and low-frequency voltage gain 
given by this circuit is very high _:. in 
excess of 50,000, with typical values of the 
order of 200,000. However, the presence 
of the h.f. stabilizing capacitor has a 
massive effect on the a.c. performance at 
frequencies higher than a few hertz, with 
the gain decreasing with frequency beyond 
some 5 to 10Hz at a rate of 6dB/octave. 

A typical gain and phase-shift graph is 
shown in Fig.8. · 

+ 

Fig.5. As well as a current mirror for the 
tail, type (b) in Fig.4, two (a)-types stabilize 
operating currents of the input transistors 
by d. c. negative feedback onto the base of 
Tr3, Tr4. 

Fig.6. To provide short-circuit protection, 
Tr15 passes current from the input if the 
emitter resistor drop exceeds base turn-on 
voltage. Tr22 acts in a similar way for the 
Darlington pair. 

+ 
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An examination of this shows two im
portant features. There is a significant 
additional phase error beyond 300kHz, 
which implies the presence of one or more 
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phase-lag inducing components within t~e 
i.e. having a pole at some few MHz. Thts 
is the reason why the unity-gain point for 
adequate unity.;gain stability in a feedback 
configuration cannot be made much higher 
than lMHz. And following upon this, the 
available open-loop gain at the upper end 
of the audio band, say 20kHz, is only of 
the order of 50. 

Unless, therefore, the gain requirements . 
of an audio amplifier stage using a 741 are 
kept deliberately l~w, neither the ampli
tude response and phase linearity, nor the 
harmonic distortion characteristics of the 
. amplifier stage, are likely to be satisfactory 
in the context of contemporary expecta-

_) tions for "hi-fi" equipment. Fortunately 
~ there are now third-generation operational 

amplifiers, such as the Texas Instruments 
TL071 series, which offer substantial im
provements over the performance of the 
741-type i.e. in those regions which are of 
importance to the audio engineer, and I 
propose to examine this i.e. later in this 
series. 

The other features inherent in: the de
sign of the 741 which must be .borne in 
mind in its use if results are to be satis
factory are those which concern the input 
long-tailed pair of bipolar transistors and 
the effect of the h.f. compensation capaci
tor on the transient performance. Taking 
the first of these, the design of the input 
stage leads to a combined collector current 
for the long-tailed pair of around 25 
microamperes. Assuming a current gain of 
100 for the input devices, the necessary 
forward bias current for 25°C operation of 
the circuit will be 0.1 ~A for each input, 
and this current must be supplied through 
any resistive circuit components in the in
put paths. While an output d.c. offset can 
be minimized by making sure that the total 
resistance value in each input . circuit 
through which these bias currents must 
flow is the same (those components 
through which currents do not flow are 
unimportant in this calculation), it must be 
remembered that these currents increase 
·significantly with temperature, and that 
the internal matching of the input devices 
may not hold over this range . For this 
reason, the total d.c. gain of the circuit and 
the amount of output d.c. offset which is 
tolerable must be considered when its cir
cuit environment is being formulated, 
along with the temperature range over 
which it is to operate. 

The second limitation of this i.e ., that 
due to the nature of the internal h .f. com
pensation, is a rigid upper limit on the 
voltage slew rate which can be achieved at 
the output, around O.SV/~s. If a composite 
signal is applied to the input which con
tains components calling for a greater rate 
of change in putput voltage than this, the 
total composite signal will be lost while the 
output moves from one instantaneous d .c. 
level to another, at the maximum rate pos
sible. This self-evident fact applies to all 
amplifiers which are slew-rate limited, in
cluding some in the "hi-fi" field. It is, I 
think, a sad commentary on the state of 
our art that a fact which is so simple to 
comprehend and can be stated so simply, 
can be used as the basis ' for a whole series 

30p 

so 

Fig. 7. Complete circuit shows arrangement for offsetting d. c. error in the output. 
Reducing value of appropriate emmitter resistor in the input stage produces an output 
voltage shift equivalent to gain x input offset. 

of technical papers aimed at proving the 
superiority of one or other commercial 
product. . . 

To live within this limitation, it is neces
sary to ensure in all cases where slew-rate 

. limited output saturation is important -
and not all applications would be in
fluenced by this - that the maximum rate 
of change of voltage in any input signal 
does not approach the output slew-rate 
divided by the effective a.c. gain. 

There are now' a large number of more 
recently designed and more expensive 
third generation operational amplifiers, in 
which both the small-signal bandwidth 
and slewing rate are much greater (by a 
factor of ten or more) than is the case for 
the 741. In some of these, such as the Ti 
TL071 and the RCA CA3140 types, the 
input bias requirements have been reduced 
to a level which is so low that the choice of 
input resistance values can be determined 
solely by other circuit requirements. 
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Fig. B. Frequency response shows phase 
error beyond 300kHz which limits unity
gain point to around 1 MHz. Low open-loop 
gain at 20kHz limits usefulness in hi-fi 
applications. 
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D-C goes professional 
The recent JERE Clerk Maxwell Com
memorative Conference at Leeds Univer
sity on "Radio Receivers and Associated 
Systems" emphasised the considerable de
gree of current professional interest in 
direct -conversion (homodyne/synchrodyne) 
techniques, i~cluding the use of ph~sing 
networks to provide flexible demodulation 
of various modes such as narrow-band f.m. 
For example MEL have developed a 20-
watt "Callpack;., manpack h.f. transceiver 
in which the Weaver "third method" 
system, combined with digital quadrature 
phase shifting, is used both for s.s. b. gen
eration and demodulation. Similarly, 
I.A.W. Vance, G3WMS and a team at 
STL ·have further developed their inte
grated-circuit n. b.f.m. d-e receiver to 
minimize the effects of oscillator phase
noise by means of what they term an "am
plitude-normalized sine-cosine demodula
tor" and expect to see widespread use of 
this class of (mobile) receiver in the near 
future since it permits almost the complete 
receiver to be put on a chip. Philips Re
search Laboratories have been investigat
ing the use of surface acoustic wave 
(s.a.w.) resonators to provide fixed-tuned 
d-e v.h.f. paging receivers suitable for the 
British Telecom National Paging System, 
the s.a. w. resonators being used to provide 
both a selective input filter and for oscilla
tor frequency control at a fraction of the. 
cost of using quartz crystals. 

. Although homodyne techniques date 
back to the 1920s, it seems fair to claim 
that much of the current professional in
terest stems from the work of J.P. Costas, 
W2CRR of General Electrics (US) in the 
1950s followed by J. R. White, W2WBI, 
K. Spaargaren, PAoKSB and Wes 
Hayward, W7Z01 plus a whole decade of 
active amateur experimentation with 
simple direct-conversion techniques. 

Vintage c.w. 
equipment? 
Bob· Lod1er, W9KNI wntmg in Ham 
Radio suggests that amateur h.f. equip
ment reached its operating zenith in the 
mid-1950s in the form of such equipment 
as the Collins 75A·4 receiver and the same 
firm's KWS-1 transmitter. He pinpoints 
what he regards as a subsequent decline in 
overall performance as starting with the 
general introduction of h.f. transceivers, 
following the ·success of the Collins KWM
. 1 in the late 1950s, due to the economic 
advantages and size reduction that was 
possible by combining both transmitter 
and receiver into a single compact unit. 

His main complaint with the curt.ent 
generation of . factory-built equipment 

from the viewpoint of a c. w. operator is the 
~bsence of ariy capability to ensure the 
accurate zero-beating (netting) of the 
transmitter to an incoming c.w. signal. 
The result, he suggests, continues to be 
c. w. contacts where the two stations grad
ually "walk up" the band in tandem, due 
to each operator retuning at each "over" 
and difficulties in competitive "pile-ups" 
because operators cannot accurately place 
·their transmissions despite the use of re
ceiver incremental tuning etc. Even more 
harmful, in his eyes, is the tendency dur
ing normal contacts to occupy two distinct 
frequency channels, separated by up to 
O.SkHz or so. 

There seems to be no easy solution to 
this problem, which today exists to some 
degree even where separate receivers and 
transmitters are used. The recent high-cost 
Collins h.f. transceiver type KWM380 
does include a fairly simple means of 
minimizing the problem and ensuring that 
the offset between the transmitted andre
ceived frequency is exactly equal to the 
frequency of the audio c. w. monitor. Even 
better, Bob Locher adds, would be to 
make variable, with perfect tracking, both 
the frequency of the c.w. monitor and the 
offset differential, so that the audio moni
tor only could be keyed and then adjusted 
to zero beat precisely the incoming signals. 

Many c. w. operators would agree that 
current h.f. equipment is not ideal; my 
own pet annoyance is the frequent absence 
of the ability to switch off the a.g.c. 
system. 

Here and there 
Very high levels of solar flare activity were 
recorded around the end of July, resulting 
in disturbed conditions on the h.f. bands 
and one of the most pronounced periods of 
auroral activity ever recorded in Europe, 
with stations as far away as Moscow being 
heard in the UK on 144MHz. It is, 
however, now thought unlikely that the 
reception of southern African signals in 
Athens on 50 and 144MHz on February 16 
(WoAR May) was due to "long-path" 
transequatorial propagation but along the 
direct path. 

Roger Appleton, chief engineer of Lon
don Weekend Television, has succeeded 
R. C. Hills, G3HRH (IBA) as president of 
the British Amateur Television Club. 
BA TC is holding an amateur television 
exhibition at the Post House Hotel, 
Leicester on Sunday, October 4 (from 
lla.m.) including demonstrations of mem
bers' equipment, narrow-band tv, slow
scan tv and F. J. ("Dud") Charman, 
G6CJ's "aerial circus" (on video tape). _ 

The .FCC is tightening up on its "waiv
ers" procedure ·for home computers, 
which are providing a severe source of 
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radio-frequency interference (r.f.i.). Test 
procedures and maximum permitted levels 
have been set for both radiated and mains
borne field strengths. These regulations 
are more severe than those for large profes
sional computers since domestic models 
are considered more likely to be located 
close to television and radio receivers. Un
til recently a number of "waivers" to the 
regulations have been authorised to give 
manufacturers time to modify designs. 

The Amsat Phase 3B amateur radio sa
tellite is now expected to be carried on the 
same Ariane launch vehicle as the 
European Communications Satelli(e (ECS) 
now scheduled for. launch on an unspeci
fied date between June and October 1982. 

ARRL are investigating a number of 
cases where bogus or "altered" QSL cards 
have been submitted by amateurs for the 
DXCC listing. The suspect cards include a 
number for contacts made (or claimed to 
have been made) with "expeditions" in the 
1960s and 1970s. One amateur connected 
with past expeditions is alleged to have 
admitted that 20,000 bogus cards were 
printed and issued by his group alone. 

In brief 
A new 70.12MHz solid-state beacon 
transmitter at ZB2VHF, Gibraltar has 
been. well received in the UK and on July 
19 several British amateurs made contact 
on 70MHz with ZB2BL Gibraltar, one of 
the very few European countries, apart 
from the UK, where 70MHz operation is 
permitted ... RSGB's Senior Rose Bowl 
trophy for the 1981 Commonwealth 
Contest has gone to the Canadian amateur 
John Sluymer, VE60U with 480 contacts, 
158 of them carrying bonus points ... In a 
number of American states it is illegal to 
drive a car wearing headphones regardless 
of whether these block out road noises ... 
Three Canadian amateurs have been expe
rimenting with the use of the lOG Hz band 
for mobile operation and have found it 
possible to make contacts over distances of 
up to about a mile despite screening from 
buildings and other vehicles . . . FCC has 
opened an enquiry into issuing permits to 
"advanced class" licence holders to experi
ment with spread-spectrum techniques in 
the 50, '144 and 220 MHz bands .... In a 
policy statement, the RSGB has confirmed 
that it welcomes c.b. provided that it is 
suitably regulated; will continue to em
phasize the differences between c. b. and 
amateur radio; is prepared 'to support low
power f.m. on 27MHz with officially-ap
proved equipment; welcomes the 934MHz 
allocation; and "will do whatever is within 
its power to prevent c. b. operation within 
any amateur bands.'' 

PAT HAWKER, G3VA 
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Linear power-amp offers high stability 
Although many amplifiers claim good 
damping factors, speaker resonance often 
affects the input stages, even with low-im
pedance cables. This amplifier uses a novel 
output stage with control transistors con
nected as quasi-emitter-followers for high 
linearity. Slave devices provide a voltage to 
the control transistors about halfway be
tween the output and the supplies, which 
helps to share the dissipation and reduce 
the possibility of secondary breakdown. 
The amplifier provides a 25V/fls slew rate 
and is unconditionally stable into any load 
down to 20. Input and output supply rails 

should be connected at the power supply 
to eliminate the need for local decoupling. 
A 3A power supply at up to ±SOV is 
recommended for a maximum output of 
60W. 

Fig. 2 shows an alternative output con
figuration which uses slave transistors to 
dump current into a low power output 
stage such as a class A or v.f.e.t. as shown. 

, In this circuit most of the dissipation is in 
the slave transistors. 
Q. Rice 
New Malden 
Surrey 

Input +V 
~------------r----4~--~------~ 

Input 
ov 

Input -V 
~----------~~------~----------J 
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Gray to binary converter 
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Analogue multiplier 
A simple high-impedance analo~ue 
multiplier can be constructed using two 
v.m.o.s. transistors and an op-amp to 
simulate a resistor which is proportional to 
R1 Vreri(VI- V ref). This circuit represents a ' 
non-inverting amplifier whose output 
voltage is V1 VziVref· 
K. Kraus 
Rokycany 
Czechoslovakia 

When converting Gray to binary, each 
time a more significant bit is added, the 
relationship between the previous bits is 
inverted but the new bit has the same value 
in Gray and binary. Therefore, a single 
exclusive-OR gate will convert a Gray code 
to binary as shown in Fig. 1. For more 
bits , the circuit can be expanded as shown 
in Fig. 2. Converting from binary to Gray 
is also easily achieved as shown in Fig. 3. · 

Gray C input o-..;._ _____ ..,_ ____ -1-...._ 

~Binary 
~output 

D 

]. ]. Mouton . 
East London 
S. Africa 

MSB 

LSD~ A~LSD Gray in = s;:ary out 
MSD B B MSD 

Fig. 1. 

Pseudo random osc. 

330 

3 2 4 

4017 

15 13 8 

7406 

LSB A 

B 

Binary in 

MSB D 

MSB 

Fig. 3. 

~ 
~· 
~Grayout 

D 

Ten beam converter 
By using a pseudo-random oscillator to 
provide unequal periods, ten oscilloscope . 
waveforms can be displayed which do not 
lock with the timebase from the chop fre-
quency. The amplifiers are low-gain types 
and require 30V. Open collectors in the 
7406 switch the signals and the lOkO 
potentiometers position the waveforms on 
thec.r.t. 
]. R. V. Hawkins 

Summation London 
output 
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Quantifying amplifier sound 
Why can we distinguish amplifier sound 

in listening tests? 

by Yoshimutsu Hirata, Waseda University, Tokyo 

An important problem still unsolved 
in audio is the correlation between 
subjective and objective quantities. 
But it is more important to answer the 
question of why we can distinguish 
"amplifier sound" from the sound of a 
loudspeaker. 

Audible differences of amplifiers are the 
inherent distortions, whatever they may 
be. The harmonic distortion of a high 
quality amplifier is usually less than 0.1 %, 
while the distortion of a loudspeaker is 
more than 1%. In spite of this we can 
distinguish "amplifier sound" from the 
sound of a loudspeaker and point out dif
ferences in the quality of amplifiers. This 
implies that the distortions in amplifiers 
and loudspeakers differ in properties 
which cannot be expressed by the total 
harmonic distortion measurement. 

It has been recognized that harmonic 
distortion generally does not give good 
correlation with subjective assessments of 
sound quality. To give an improved 
subjective agreement, several methods of 
measuring non-linear distortion have been 
proposed 1• The gap between the subjec
tive quantity and the total harmonic distor
tion measurement is explained to start with 
by the difference of signals used for tests, 
viz. a musical sound and a sine-wave sig
nal. 

A musical sound involves many tran
sient sounds whose waveforms are gener
ally very complicated; see Fig. 1. What is a 
common feature in those waveforms? If 
anything is common in those waveforms, it 
is expressed by an asymmetric waveform 
having no d.c. component. Many wave
forms have such properties: Fig. 2 (top) 
shows the waveform of a model transient 
sound, h (t), ·which consists of half-sine 
waves a and b. Amplitudes of the positive 
and negative waves are different from each 
other and the area of the waveform above 
the zero axis is equal to the area below the 
zero axis. Thus, the asymmetric waveform 
h (t) has no d.c. component. Fig. 2 also 
shows a plot of the frequency spectrum of 
the waveform where S 1(f) and Sz(f) are 
spectra of impulses a and b respectively. 
At low frequencies the spectrum shows a 6 
dB/octave slope. When an amplifier under 
test alters such a waveform, the area of the 
altered waveform above and below the zero 
axis will be different, in accordance with 
non-linearity in gain. This difference gives 
rise to a d.c. component, coupled with an 
increase of low-frequency components of 

the waveform. The spectrum function of 
the altered waveform can be obtained ma
thematically by expressing the non-liriear
ity in the form of an appropriate equation2• 

Effects of several different non-lineari
ties on the waveform and spectrum of the 
model signal are.shown in Figs 3-7, where 
h3(t) is the altered waveform, ~(t) the de
viation from the waveform h(t), Da(f) the 
spectrum of ~(t), S 3(f) the spectrum of 
ha(t), and so on. An s-type non-linearity of 
an amplifier gives rise to an increase in 
low-frequency components of the signal, 
caught as soft or 'glossy' in listening tests. 
A soft distortion as represented by an s
type non-linearity is sometimes preferred 
when the distortion is not too great. Clip
ping is not an operational non-linearity in 
the proper sense of the word, but the satu
ration of a system being overloaded. The · 
effect of clipping on the spectrum is the 
increasing of both low and high-frequency 
components, which is audibly irritating 

and disliked. In the case of a crossover 
distortion, the low-frequency component 
increases with decreasing amplitude of the 
input signal. This distortion is remark.able 
for low input signal levels . As an example 
of a dynamic distortion, take the distortion 
occasioned by a level compressor. For sim
plification, assume that the gain of a circuit 
is attenuated to reduce the amplitude of a 
positive pulse as in Fig. 6(a). In this case, 
the spectrum of the signal suffers heavy 
change, viz. the increasing and decreasing 
of low and high-frequency components. 
Unless the functioning of a level compres
sor and expander is ideal, a noise reduction 
system produces a similar distortion in an 
impulsive signal, which may be caught 
subjectively as somewhat dull or heavy by 
a listener. 

As discussed, gain non-linearities in am
plifiers give rise to a d.c. component 
coupled with an increase of low-frequericy 
components of an impulsive signal. On the 
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The photo shows the Shinwa non-linear distortion 
meter used for the measurements. This instrument 
produces asymmetric waveforms with no d. c. 
component. Below is a biC?ck diagram of the meter. 
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Fig. 1. Typical waveforms of transient sounds are asymmetric, with no d.c. component. 
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other hand the distortion in a loudspeaker 
does not, as a matter of course, give a d.c. 
component . As an example, consider the s
type non-linearity in the displacement res
ponse of a vibrating plate. To simplify an 
analysis, assume a sound pressure is in 
proportion to the velocity of a plate, viz. a 
sound is assumed to be radiated from an 
infinite plate. For a fmite plate, the sound 
pressure of low-frequency components is 
proportional to the acceleration of the 
plate. The difference between the displace
ment response Hs(t) which is altered by the 
s-type non-linearity and the ideal response 
H(t) is expressed by ~H(t). As sound 
pressure is proportional to the velocity of 
an infmite plate, the sound distortion ~(t) . 
is given by the derivative of ~H(t) with 
respect to time. As shown in Fig. 7(c), the 
spectrum of ~t involves no d.c. compo
nent and few low-frequency components. 
Thus the distortion in a loudspeaker does 
not change the low-frequency component 
of an impulsive sound, which is in contrast 
with the case of the distortion in an ampli
fier. And this is the reason we can disting
uish amplifier sound from the sound of a 
loudspeaker. This has been verified by 
experiments using a novel method for mea
suring non-linear distortion3• 

Experimental method 
The model of a transient sound used for 
the theoretical study consisted of two half
sine waves of different amplitudes and po
larities. The model signal was such that it 
could distinguish distortion due to non
linearities as a change of spectrum, which 
is related with a subjective quantity. It is 
however not convenient to use the model 
signal for the measurement of an objective 
quantity, viz. the rate of distortion. 

A new method of making non-linear 
distortion measurements uses composite 
rectangular pulses, as shown below. The 
area of the part of each test signal wave
form above the zero axis is equal to the 
area below the zero axis, so these asymme
tric test signals have no d.c. component. 

Test s1gnal waveform 1 

Test signal waveform 2 

DO r 
Asymmetric test signals have equal areas 
above and below axis and so have no d.c. 
component. Area of a positive pulse of the 
first test signal is v, T, and the area of a 
negative pulse is V2( T2- T1) . -
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When an amplifier 'under test alters the 
applied test signal the areas of the altered 
waveform above and below the zero axis 
will be different in accordance with the 
gain non-linearity. This difference gives 
rise to a d.c. component coupled with an 
increase or decrease of certain low-fre
quency components of the test signal, 
either of which can indicate the degree of 
linearity of the amplifier under test. 

The repetition frequency of the test sig
nals is 220 Hz, chosen to lie between the 
higher harmonics of power-supply fre
quencies 50 and 60Hz. At low frequencies 
the envelope of the test-signal spectrum 
has a 12 dB/octave slope and the compo
nent at 220 Hz, normalized to that of the 
reference signal, is 0.002 (-54 dB) which 
is the theoretical value in the absence of 
non-linear distortion. Thus the difference 
between the normalized component at 220 
Hz of an altered test signal and the theoret
ical value of 0.002 j indicates the value of 
non-linearity of an amplifier under test. 
When the gain non-linearity is static, i.e. 
when the i/o property is expressed by a 
single_ curve, the non-linear distortion D 
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Fig. B. These diagrams show non-linear 
distortion curves of three power amplifiers 
together with transfer function shapes. 
Reference power output is defined as 
V1 2/2R where R is 8 ohms. Top left is for the 
Marantz SM7, top right for the Threshold 
4000, bottom left the Amcron SA2 and 
bottom right the Meridian. 
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corresponds to the linearity deviation 
~.The relationship is 

D= I ~/V't +0.002 I -0.002 

where V'1=V1+~; 
which is nearly equal to V 1 for ~ « V 1. 
This givesD=~/V'1 for ~IV'1 ~-0.002 
andD= -~IV' 1 -0.004 for ~/V':::;-0.002. 

The figure of D involving V 1 indicates 
directly the form of gain non-linearity, i.e. 
an s-type non-linearity, cross-over distor
tion, and so on. (Notice that the figure of 
D given by the last equation corresponds 
with the figure given by D = ~!V1 which 
turns up at D= -0.002. Thus the lower 

· limit of the D (%) axis is -0.2%). The 
block diagram of the measuring apparatus 
is shown under the photograph on the first 
page. 

-Results 
One of the advantages of this method is 
that calibration of the test signal can be 
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0 

. ~v2t-v,~ 
T2=T2-T1 

Beam in balance analogy tilts according 
to the increase ( ~> 0) or decrease 
r~<o> at v,. ' 

done wjth a circuit connected at the output 
of the apparatus, whicli enables distortion 
to be measured in a large syst~m such as a 
console. Fig. 8 shows measured distortion 
figures of commercial audio amplifiers 
withn an sn resistive load and the form of 
non-linearity given by the respective 
distortion figures. Rise and fall times of 
the test signal are about 10!-!s/V. When·· 
there is a difference in slew-rate between 
build-up and fall of voltage amplification it 
gives rise to a d.c. component coupled 
with low-frequency components, and 
distortion figures for the first and second 
test signal will be shifted upward in the 
case of a larger build-up slew-rate, and vice 
versa. Such an example is shown in Fig. 7. 
Figures 9 and 10 show the distortion 
figures of noise reduction systems used in 
cassette tape recorders, where the input 
test signal was superimposed on a rectang-. 
ular waveform which has no d.c. compo
nent. Although large distortions are due to 
the inherent non-linearity of recording 
media, it is shown that noise reduction 
incre;:1ses the low frequency components. 

To verify the fact that amplifier sound 
can be distinguished from the sound of a 
loudspeaker, non-linear distortion mea
surements were made using a loudspeaker. 
Fig. 11 shows the distortion figure of a 
high-quality audio amplifier, measured by 
using the sound reproduced from a loud
speaker connected to the amplifier output. 
The measurement was made in a low-noise 
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room so that the component of 220Hz 
could be correctly measured. Care was 
taken to avoid the effect of non-linearity in 
the microphone and measuring amplifier. 
Fig. 11 also shows the distortion figures 
obtained by measuring the voltage across. 
the voice coil of the loudspeaker. Evi
dently, the non-linear distortion of an am
plifier can be distinguished from the 
distortion of a loudspeaker. So we can 
really distinguish amplifier sounds from 
the sound of loudspeakers objectively as 
well as subjectively. 
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69x69mm flat-panel 
display 
The first step towards production of a 
69x69mm, 57,600 pixel flat-panel display has 
been made by Standard Telecommunication 
Laboratories in the form of a 36x36mm, 1,600 
pixel prototype. The end product will be a 
liquid-crystal display only a few millimetres 
thick with built-in drive electronics and able to 
display, for instance, a full page of Prestel. 
STL, a subsidiary of STC, disclosed details of 
what they call the sub-miniature v.d.u. in New 
York recently at the International Symposium 
of the Society for Information Display. 
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CITIZENS BAND 
Mr Frost says in July letters that operators of 
illegal c.b. gear "have every reason to grumble 
at the expense of changing to the new system''. I 
can think of a few other groups having "reason 
to grumble": 
-housebreakers, forced by new lock designs to 
obtain a new set of lock picks; "' 
-radio control aeromodeller§, faced with a 
move to the 3 5 MHz band; 
-car and boat modellers, who have not been 
given a new band, but are left with one polluted 
byc.b.; 
-hospital administrators, forced to buy new 
paging systems to avoid 27MHz c.b. interfer
ence - see the letter on page 2 of Electronics 
Weekry, May 13th, 1981. 

After the publication of a letter in a local 
paper in which I contradicted inaccurate state
ments by a c. b. enthusiast, objects were thrown 
from a passing car at my house. For this reason, 
I would be grateful if you did not publish my 
name and address. 
(Name and address supplied) 

DECLINE OF THE 
PHILOS.OPHICAL SPIRIT. 
The editorial of the July 1981 edition of Wireless 
World rightly draws attention to the impoverish
ment of science and philosophy by their artifi
cial separation. It is therefore of great impor
tance to consider what practical steps are 
available for us to remedy this unhappy situa
tion. Fortunately, the words of the great scient
ists are full of practical advice on this. For 
example, Michael Faraday said "Here it is we 
are born, bred, and live, and yet we view things 
with an almost entire absence of wonder to our
selves respecting the way in which all this hap
pens. So small, indeed, is our wonder that we 
are never taken by surprise" . . On a similar 
theme, Albert Einstein said "The fairest thing 
we can experience is the mysterious. It is the 
fundamental emotion which stands at the cradle 
of true art and true science. He who knows it 
not and can no longer wonder, no longer feels·· 
amazement, is as good as dead, a snuffed-out 
candle." 

This wonder, which leads to 'natural philo
sophy', does not have to be acquired, it is there 
so obviously in the young child. It might well 
get covered over by the ideas described so well 
in the editorial and then a greyness appears to 
cover the physical world. It does seem, 
however, that it can be readily uncovered by the 
application of the scientific principles to our 
everyday experiences. To take a small example, 
on tuning a radio over its waveband, a large 
number of stations are heard. It does not take 
much reflection to appreciate that the radio is 
separating and manifesting what is all together 
.in the room. The space in the room is pervaded 
not only by countless man-made electromag
netic signals, but also by the electromagnetic 
signals we call light from every body in the 
room, the magnetic and electric fields of the 
earth and beyond, the gravitational influence of 
every atom i~ the universe and so on. Such a ' 
reflection very easily turns into wonder. 

As demonstrated so clearly by the great 
scientists, this emotional response is not a waste 
of time but "the cradle of true art and true 

science". Their works show the ability to sim
plify and unify previously complicated and 
separate areas of scientific endeavour. 

It is the duty of those involved in the educa
tion of the young in science and engineering 
subjects to uncover this 'fundamental emotion' 
in the students by what is said, more so by what 
is done in the laboratory, but most of all by the 
teacher's love of his subject. Perhaps in this 
practical way it is quite possible by our scientific 
activities to, as Plato put it, "create the spirit of 
philosophy, and raise up that which is unhap
pily allowed to fall down" . 
M.J. Cunningham, 
Manchester 

WIRELESS WORLD 
1911-1981 
Congratulations on seventy years great service 
by Wireless World and The Marconigraph. As far 
as I can ascertain, the Technical Library 
operated by this company for its employees is 
the only library in Australia with a complete run 
from issue number 1 of The Marconigraph to 
date. 
B.J. Simpson, 
Chief of Patents, 
Amalgamated Wireless (Australasia) Ltd 

JAMES CLERK 
MAXWELL 
Mr Wellard, in his article on Maxwell (May 
1981) in my opinion spoiled an otherwise in
teresting article by some outrageously conten
tious statements which were unsubstantiated in· 
the article and run completely counter to the 
present day knowledge of atomic and nuclear 
physics. 

The mass ratio of electrons to protons is about 
1: 1820; but the charge ratio is exactly 1:1, but of 
opposite polarity. The body of experimental 
evidence for these ratios is extremely strong 
since the design of mass spectrometers, mass · 
separators, synchro cyclotrons, electron beam 
systems (including c.r.ts) and many others de
pend on an accurate knowledge of the properties 
of electrons and protons. 

His article implies that hydrogen atoms and 
molecules are not electrically neutral. The im
plications of this are very far re'aching, but as far 
as I am aware, having had considerable exper
ience of ion sources, electron beams and hydro
gen gas handling, there is not a shred of evi
dence to support the implication of non 
neutrality. 

Furthermore the statement about the neutron 
. . . 'this non-existent particle' .. . , is also 
highly contentious. How do nuclear reactors 
work if neutrons are non existent? Why do 
nuclear physicists refer to thermal neutrons and 
fast neutrons, and the resulting reactor types, 
thermal and fast-breeder reactors when, as Mr 
Wellard asserts, neutrons do not exist? Again, 
neutron radiography is an extremely useful al
ternative to X-r::tying for non-destructive testing 
of various engineering parts . How does this 
work if there are no neutrons? 

It is difficult to follow Mr Wellard's logic in 
the article when such unsupported outrageous . 
statements are made. If he is keeping some new 
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important experimental data from the world 
then he should publish it properly in some form 
where it can be scrutinised and his experiments 
repeated, and so be tested for their universality. 

If, on the other hand, he has no basis for his 
remarks, except that he does not like the idea of 
electrons and protons having an equal magni
tude of charge, or does not like the idea of 
neutrons, then it is just too bad: they are an 
observational fact. Many people did not like the 
idea of a spherical earth or a helio-centric solar 
system, but both are observational facts, around 
which valid models can be constructed. We may 
not know what a neutron is, since we cannot 
handle it in the way we can handle familiar 
everyday things, but its properties can be quan-

. tified (e.g. mass) and used for prediction pur
poses. 

Referring now to a letter concerning Mr 
Wellard's article by H. Aspden, he states that in 
1980 experimental 'proof that the aether can 
·assert a force was reported in Nature. Not many 
of your readers would have access to the article 
,named in Nature, which reports some interest
ing experimental results, as yet uncorroborated, 
which may be evidence for an aether (or some
thing) but is not proof as yet. Mr Aspden is a 
very impressionable person if he considers one 
experiment to be proof. The experimental tech-

' nique will have to be very carefully looked at to 
ensure that no other phenomenon was responsi
ble for the effects measured, and the test re
peated elsewhere with another apparatus to con
firm the results. Only then can it be asserted 
that there is enough evidence to provisionally 
confirm the implication of an aether. 
B.J. C. Burrows, 
Benson, 
Oxford . 

The author replies: , .. 
The question of the equivalence of electrons, 1 

protons and the hydrogen atom was answered in 1 

my reply to T. de Limelette (August letters). 
1

1 

The equation does not satisfy Maxwell's test and 
is therefore absurd. The neutron is one half 1 

cycle of an electromagnetic wave; the anti-neu- ,i 

tron is the other half cycle. They are mathemati-
cal myths. The infinite acceleration of an action- II 

at-a-distance particle generates an infinite 
amount of energy. I assume from the third I 
paragraph of Mr Burrows' letter that he is an 
experimental physicist. If he finds his working I 
model of a particle more useful in his work than 

1

. 

the working model of a wave, he should carry on 
as usual; he has no sensible alternative at pre- l 
sent. The passing of an examination requires the · 
unconditional acceptance of a working model I 
and its associated equations. I am suggesting I 
that the working model he was forced to accept 
was based on the wrong analogy. I am not sug- I 
gesting that he or any other member of the 
scientific community is in any way responsible · 
f~r the constrictions imposed by the mathemati- r 
cal extremism of Lor.enz or the entrepreneurial I 
skill of Einstein. The flaw in anv idea or belief is 1· 

its dogma; identify the dogma ~nd you identify , 
the flaw. As far as I know, a physicist is no 
different from any other human being infused I · 
with an extreme idea. Mr Burrows writes in 
plain English and must be capable of plain and 
open thinking. 

Mr Burrows is unfair and unwise to include 
an innocent bystander in his deprecations. He 

www.americanradiohistory.com
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asks whether I am withholding new important 
experimental data from the world. The answer 
is no. I would have thought that every experi
ment with an electromagnetic wave proved the 
presence of a medium. Does he know the 
whereabouts of another Einstein withholding 
experimental.data that proves otherwise? Two 
books by Dr Aspden received a favourable 
mention in Dr Essen's attack on Relativity (Oc
tober 1978 issue). Both gentlemen are Flat 
Earthers. Now that the memory of the late 
Professor Dingle has joined them, Mr Burrows 
is wasting his time seconding me to such an 
exclusive club. 

To prove just how exclusive this club is, I 
have taken a look at Einstein's famous equation 
of energy, E = mc2. The dimensions of work or 
energy are ML~IT2, the work done by a unit of 
force (ML!T2), accelerating through unit of 
length measured in its own direction. This is 
mathematically equivalent to the product of a 
mass and the square of a velocity (LIT), and 
even if the velocity to be squared equalled one 
metre per year, work would still be performed 
by an accelerating mass. Einstein's famous 
equation has the dimensions of work or energy, 
but implies, in fact insists, that work is only 
performed by an accelerating mass when the 
velocity to be squared is equal to the 'constant' 
speed of light. His equation is meaningless, 
misleading, and very very slick. Einstein be
lieved the Earth was round. Does this prove that 
Flat Earthers do not subscribe to the theory of 
the great philosopher 'Fats' Waller, " 'Tain't 
what you do, it's the way that you do it - that's 
what gets results."? 

Mr Burrows asks some awkward questions in 
his fourth paragraph. Why not leave the micro
scopic dictatorship of nuclear physics and try the 
macroscopic democracy of astronomy, looking 
for analogies that do not allow energy to disap
pear? It has been suggested that this universe is 
the inside of a huge spherical atom. Taking the 
analogy further, a radioactive atom would be 
filled to bursting point with colliding quasars 
and the resulting big bangs and young galaxies. 
Quasars are continuously losing a vast amount 
of energy. Are they transformed from electro
magnetic waves when the waves are absorbed, 
and transformed back again into waves when 
they are emitted at a lower energy level? Are 
they by analogy massive radioactive atoms 
which on devolution are emitted as spent neu
tron stars or helium atoms? Are there interme
diate-size groups of atoms between the Earthly 
and the Universely? How many universes are 
there? As many as there are atoms in our uni
verse? Would over 200 'particles' be emitted if a 
radioactive universe disintegrated? Wireless 
World regrets the decline of the philosophical 
spirit, and so do I. 

"TRUTH TABLE" LOGIC 
SYMBOLS 
There are many disadvantages in the system of 
intentional logic symbols (November 1980 
issue, pp 61-62), the main ones being that once 
away from input stimulii no "true or assertive 
state" exists unless the circuit is further compli
cated by adding some form of flag to indicate an 
artificial "true or assertive state" at that point. 
In any case it is doubtful whether doubling the 
number of different symbols used can make 
diagnosis simpler, especially as identical gates 
may have different symbols. 

There is a much simpler solution to the prob
lem, that of what I would describe as Truth 
Table logic symbols. As far as I am aware the 
idea is original but I have not researched the 
matter. Fig. 1 shows the derivation of the 
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AND OR NAND NOR 

Truth table 
Inputs 0/p Inputs 0/p Inputs 0/p Inputs 0/p 

Singular- 1 1 1 1 0 0 0 
logic state All else 0 All else 

Truth table v- ~ symbol 

Fig.1 

(a) 
fig.2 

EX-OR 

(a) (b) 

Fig.3 

symbol from what I have described as the singu
lar logic state of the simplest form of the truth 
table. The gate outline shape is of no great impor
tance provided its input and output are clearly 
distinguishable (this excludes the rectangular 
box as per BS3939). Each input has a logic state 
associated with it (TT input state) and each 
output a logic state associated with it (TT out
put state). In order to produce the TT output 
state it is necessary to make all inputs equal to 
the TT input state. It does not tax the brain too 
much to deduce that, to get the opposite state 
out, any state other than all inputs equal to the 
TT input state will do. If a gate is in an applica
tion where, for example, a signal is input to a 
gate and the other inputs are used to enable that 
gate then the gate will be enabled for that signal 
then all other inputs are equal to the TT input 
state. 

Fig. 2(a) shows the problem as stated by Mr 
Cassera in his November article on intentional 
logic symbols. Fig. 2(b) shows how it would be 
drawn using TT logic symbols. 

In order to enable gate 3 input C must be 0. 
In order to enable gate 2 the output of gate I 

must be 1. Both are immediately obvious from 
the fact that to enable a gate enabling inputs 
must be equal to the TT input state. 

To get 1 out of gate 1 any combination of A 
and B will do other than all Is. This follows 
from the fact that the wanted state is not the TT 
output stare·. 

The absence of the inverting symbols may 
worry some engineers used to conventional 
symbols but a NAND gate is only inverting 
because of the way the AND is defined. Few 
engineers would be entirely happy with this 
explanation but they can take comfort from the 
fact that is is extremely easy to tell conven
tionally inve~ting from conventionally non
inverting gates in that for inverting gates the TT 
input and TT output states are different imply
ing an inversion. 

The EX-OR and EX-NOR gates present a 
choice of symbols as shown in Fig. 3. If starting 
from scratch one would choos~ Fig. 3(a) and 
Fig. 3(c). Unfortunately Fig. 3(c), the symbol 

0 
1 

1 1 i 0 0 0 0 1 
All else 1 All else 0 

=!)- v-· 
Gate 1 

(b) 

EX -NOR 

(c) (d) 

for an EX-NOR, is too similar to the conven- · 
tional EX-OR symbol, therefore Fig. 3(d) 
should be used for an EX-NOR. This would be 
interpreted that in order to get 0 out the inputs 
must be not equal. Either 3(a) or 3(b) could be 
used for EX-OR, 3(a) being preferred on the 
grounds of simplicity. To summarise, the 
system is very simple, is very largely self-expla
natory, and requires little mental effort to 
change from existing practices. All identical 
gates have identical circuit symbols, the 
symbols themselves being uncomplicated. 
]. E. Kennaugh 
Callington 
Cornwall 

TELEVISION AND THE 
DEAF 
I have been interested to read the correspon
dence about amplifying tv sound for the deaf. 
Some years ago I w~s asked to help a deaf friend 
with this problem. A great deal of amplification 
was required but it was obviously going to be an 
advantage if normal hearing people could follow 
the programme without being blasted out of the 
room. Amplified headphones are not sufficient 
as the sound loses quality compared with that 
from a properly made earpiece with a mould 
made specifically for that person's ear. In addi
tion many hearing aids have some form of 
equalization to try to compensate for hearing 
response curves changing with frequency. 

It seemed to me that the answer was clear: use 
the amplification, equalization and earpiece al
ready in the possession of the deaf person. Many . 
hearing aids have some form of telephone pick
up coil and maybe some switching .to allow 
"mic", telephone or both. Fortunately the Sony 
television to be used was equipped with both 
"listen" and "break" miniature jacks; giving 
the option of "silent" or joint listening. Provid
ing a signal to drive the telephone pick-up was 
then very easy: a small coil fed from the ear
phone jack gave more than enough level. I used 
a lkfl Post Office 3000 relay coil to prove the 
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system, but as this was, to say the least, some
what clunky, I replaced it with a small plastic 
covered coil marketed as a telephone pick-up 
but, of course, used in the other direction to 
that intended! All that needed to be done was to 
extend the· lead. 

This method has the advantage of being 
cheap, safe, and very good quality. It is easiest 
to use with body worn hearing aids but even 
deaf people using ear-level aids often have a 
second, body worn aid as a spare. 

Incidentally, I have also used a telephone 
pick-up coil to detect the ringing current in the 
coil of a telephone bell: suitably amplified and 
rectified this can be used to control flashing 
light repeaters without interfering with the Post 
Office installation. A few resistors, a 741, a 
diode and a BC108 to drive a relay are all that is 
required. ' 
Roger Derry 
Ley tons tone 
London Ell 

RADIO AMATEURS' 
LICENCE 
As a citizens' band service is now proposed we, 
the undersigned, would like to suggest slight 
modifications to the radio amateur licence, as 
follows: 
1. The use of c.w. by class "B" radio amateurs 
receiving and sending as part of the self-training 
in communication by c.w. on v.h.f. bands. 
2. Limited use of station under supervision, e.g. 
jamboree-on-air, radio conventions, radio clubs,. 
short wave league, XYLs, YLs etc. 
3. The 27 and 930 MHz c.b. bands to be used 
by radio amateurs on the existing licence at no 
extra fee. Not type approved rigs. 
4. The 10 and 4 metre amateur bands to be 
extended to class "B" radio amateurs; e.g. the 
10 metre band to be used by licensed radio 
amateurs, not taken over by citizens' band. 
M.Jackson(G8EOP) 

·newsbury 
West Yorkshire 
Also GBWWE, G4LED, G3LHQ, GBPSE, 
G8EAH and 460 others. 

MICROCHIPS AND 
MEGADEATHS 
I have no intention of cancelling my order for 
Wireless World as a result of your recent trend in 
editorials, but when I read some of the criticism 
against this, I sometimes wish I could cancel my 
subscription to the human race. 

The electronics engineers referred to by Dr 
D. J. Dewhurst in June letters died, along with 
millions of others, in the hope that humanity 
would never again have to devote its time to 
finding ways of destroying itself. 

Insteadwhat is happening? The USA alone is 
planning to spend $1,500,000,000,000 on using 
our technology to produce still more weapons of 
death. That is about 350 dollars for every man, 
woman and child alive on the earth. That money 
alone could save most of the world from starva
tion, and I haven't even mentioned the Soviet 
Union and dozens of smaller countries yet! 

It is up to us, as engineers and as ordinary 
people, to stand up against this. We must all 
throw down our arms and say that we will not 
fight their wars for them. And if I, for one, get 
shot as a result, it will just prove to me that this 
world was not the one I wanted to go on living 
in. 

Who will stand beside me? 
Tim Bierman 
LondonNWll 

BETTER RFI 
PROTECTION NEEDED 
As a radio amateur,~ wholeheartedly agree with 
Mr McLeod's observations (August Letters) 
that better r.f.i. (or e.m.c.) protection is needed 
for domestic electronic equipment. The prob
lem of r.f. breakthrough is nothing new: it has 
existed for many years, but has become more 
prominent recently due to the number of illegal 
27MHz a.m. c. b. transceivers now in this coun
try. 

Unfortunately, the manufacturers of domes
tic electronic equipment are unlikely to respond 
to Mr McLeod's plea for bette~ r.f.i. protection. 
The design effort and extra components re
quired would not be expensive, but the added 
cost would, no doubt, reduce their profit mar
gin and/or competitive pricing. I can see two 
possible answers to the problem; (a) legislation 
to ensure that all domestic electronic equipment 
complies with a suitable e.m.c. standard; or (b) 
commercial pres"sure, i.e. bad publicity - if you 
have suffered with r .f. breakthrough, you are 
unlikely to buy the same make of equipment 
again. You would probably look for equipment 
which is better protected against r.f. break
through. 

If there are any manufacturers whose pro
ducts have a good e.m.c. performance, then 
they should say so. I am sure there are lots of 
customers in many countries waiting to buy 
their products. 
P.]. Porshaw, 
Runcorn, 
Cheshire. 

FILTER TRANSIENT 
RESPONSE 
Thank you and Mr Hamill very much for the 
much-needed article on the "Transient response 
of audio filters" in the August issue of Wireless 
World. 

In December 1977, I wrote an article entitled 
"A transient phase?" for Hi Pi Answers in which 
[ introduced a new term t.p.d. (for transient 
phase distortion), and followed this up with a 
more descriptive article in Hi Pi Answers, 
August 1978, entitled "Transient phase distor
tion". 

Although for the sake of c: '3 ity in these parti
cular articles I confined the description of 
effects and equipment to fairly simple things, 
understandable to the average man in the street, 
I had in fact investigated the effects of impulses 
and their responses, and their relationship to 
real music signals using a "Fast Fourier" 
Transform analyser (as well as the storage 'scope 
and v.l.f. signal generator mentioned in the 
articles) and I very much agree with Mr Hamill 
that frequencies are produced which bear abso
lutely no relationship to any Fourier component 
present in the original signal - in fact the pitch 
is completely out of tune when a filter is used to 
limit the bandwidth, and noticeably so if the 
filter is at all "steep cut". Unlike Mr Hamill, 
however, I had been interested in the effects of 
bandwidth limitation from a truly musical view
point. This approach led me to conclude that 
both high-and low-frequency band limiting filt
ers are detrimental, but that gentle h.f. filtering 
is not seriously degrading because air itself can 
act as a h.f. filter and often does so, thereby 
causing the ear to be used to the effect of mild 
filtering, which just sounds "natural" when in
troduced artificially. 

Again, unlike Mr Hamill, I have found 
conclusively that I. f. filtering is very detrimental 
to realism in reproduced sound. It too has its 
natural counterpart, which takes the form of 

55 

large areas of carpet suspended vertically close 
to the listener in the concert hall (to either side 
and rear I should point out!), or replacing the 
concert hall by a room 13ft square, say. Unfor
tunately, almost all reproducing equipment cuts 
off steeply below (at best) 45Hz in an average 
domestic living room, so the effects of filtering 
below this frequency are normally minimal as 
they are swamped by the inherent cut-off. 

However, my system - demonstrated as 
~'The" loudspeaker at "Hi-Fi 80" and 
recorded/photographed in July 1980 Hi-Pi 
Nev.Js, page 52 - is truly flat down to four hertz 
in a room 16lfz x 12ft (although this is not at all 
a function of room size), being +21/z dB at 6Hz 
and -2 1/zdB at 4Hz in relation to 
40Hz/400Hz/4kHz. For a good signal (which is 
not all that hard to come by on records!) it is 
very noticeable if the frequency response is out 
at 20Hz or left to go down to 4Hz flat, and the 
rate of cut is also critical between these figures. 
The effect of the filter is to remove spaciousness 
and precision of transient data. With the full 
range allowed to pass through to the ear, one 
can clearly hear the building boundaries, both 
their position and composition (the difference 
between a stone church or cathedral and a 
concert hall is very clear and real). Often air 
recordings sound as if they are in the open air, 
not in the listening room. As soon as the 20Hz 
filter is inserted all this disappears. The subjec
tive effect is of an inferior performance, with 
both precision of tempo and accuracy of tuning 
or pitch affected a noticeable degree, and a remo
val of all that is considered "good" in the 
concert hall acoustic (as if the Colston Hall,' for 
example, had been replaced by a large garden 
shed and the London Philharmonic Orchestra 
were replaced by the local youth orchestra). Of 
course, many recordings do not have the neces
sary range anyway, but many do, and it is such a 
pleasant surprise when this happens and realism 
comes through! 
Graham Holliman, 
Watford, 
Herts. 

'SPREADING' 
The amateur fraternity here in Australia, and I 
suspect that it is much the same in other parts of 
the world, cling tenaciously to what I regard as a 
ridiculous superstition known as "spreading". 

I should here explain for the general reader 
that the amateur fraternity these days employs 
almost exclusively the mode of transmission 
known as "single-sideband, suppressed-car
rier", where the signal, before transmission, is 
passed through a band-pass filter restricting the 
bandwidth of the transmitted sideband to about 
3kHz. 

The superstition to which I refer surfaces 
when a very strong signal is received and the 
receiving operator notices that he obtains an "S-
9." indication on his signal-strength meter over 
perhaps 8 or 10 kHz on the dial of his receiver. 
The operator jumps to the conclusion that the 
transmitting station is actually radiating energy 
over a bandwidth of 8 or 10 kHz. Vain to tell 
them that this is an effect occurring in the re
ceiver itself due to a combination of the effects 
of selectivity and a.g.c. Invariably, the transmit
ting operator is abused, and accused of negli
gence and incompetence. 

I am wondering whether other readers of 
Wireless World have encountered this supersti
tion and if so what they make of it. 
R. C. Yates, 
Charlestown, 
N.S. W ., Australia 
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Digital, multi-track tape recorder 
Uses modified audio cassette deck for very low-cost, 12 channel recording 

by A. J. Ewins, B.Tech., Research Department, London Transport 

In applications where multi-track 
recording .of experimental data is 
needed, but where several tape 
speeds and a wide bandwidth are not 
essential, a conventional f.m. 
instrumentation is an expensive 
luxury. This design uses a slightly 
modified Linsley Hood audio cassette 
recorder as the heart of a multi-track 
digital tape recorder.lt can handle 2, 
4, 6 or 12 channels with bandwidths 
of up to 42Hz and with zero wow and 
flutter. 

In the field of electronic data collection 
and storage, that is the recording of signals 
from various electrical transducers with 
bandwidths of from zero to several kilo
hertz, the f.m. instrumentation tape re
corder has played an almost unequalled 
role for many years. Perhaps because the 
market for such machines is small, they 
have become very complex, possibly in an 
attempt to answer every user's needs in 
just one design. The result of this is that 
they are very expensive. Typically, a 14-
track machine using one-inch magnetic 
tape and operating with a range of six tape 
speeds can cost over £20,000. Reels of one
inch tape are also very expensive! Less
complex f.m. tape recorders are available 
that use quarter-inch tape, operate with a 
reduced range of tape speeds and with a 
reduced number of tracks, but which may 
still cost several thousands of pounds. 

One of the main reasons for the f.m. 
i.t.r.'s expense is the very advanced tape 
~deck used. In f.m. tape recorder designs it 
:is necessary to reduce the wow and flutter 
~content of the tape deck to a minimum to 
'obtain a reasonable signal-to-noise ratio, 
since any wow and flutter of the recorded 
signals looks like frequency modulation 
and hence, when demodulated, represents 
an . unwanted signal, or noise. Another 
reason for the high cost of f.m. recorders is 
that, to achieve multi-track recording, 
very expensive multi-track recording 
heads must be used. Nevertheless, in spite 
of these comments, when used to its fullest 
extent, the multi-track, multi-speed f.m. 
i. t.r. has yet to be bettered. There are 
instances, however, when multi-track (or 
multi-channel) recording is needed, but 
with reduced bandwidth requirements and 
without the need for a multi-speed option. 
To use an f.m. i. t.r. for this purpose, sim
ply because it is the only type of machine 
available to offer multi-channel recording, 
is a very expensive solution. It is in an 

attempt to meet this need that the author 
·has designed the multi-channel, digital 
tape recorder that is the subject of this 
article. 

Essentially, a multi-channel machine 
with a bandwidth for each channel in ex
cess of 50Hz was needed. A single-speed 
machine could be tolerated, provided it 
was possible to obtain wider bandwidths 
for each channel by reducing the number 
of channels available: digital techniques 
make it simple to do this. Another require
ment was that the signal-to-noise ratio for 
each channel should be as good, or better, 
than that possible by f.m. recording. 
Again, digital techniques make it possible . 
to obtain any desired level of signal-to
noise ratio by simply digitizing the anal
ogue signal to the required number of bits. 
It is also possible, using digital techniques,. 

NRZ serial data 

Bi -phase coding 

Delay modulation 
(Mil ler code ) 

Clock frequency 

Fig. 1. Data is in non-return-to-zero (NRZ) 
form at input of recorder. Two possible 
encoding systems are bi-phase and Miller 
code. Miller has lower frequency content, 
allowing twice as much recorded data, but 
needs more extensive decoding circuitry. 
Higher data capacity considered to 
outweigh disadvantage of circuit 
complexity. 

to completely remove wow and flutter 
from the recorded data. This is very easily 
done if the digitized data is played back · 
into a digital computer for analysis and not 
reconstructed into analogue form ~ 
However, the author's requirement was to 
remove it completely from the recons
tructed analogue data outputs. 

Removing wow and flutter from the 

recorded data eases the need for a tape 
deck with superior mechanical qualities, 
and the possibilities of using a cassette tape 
recorder were therefore considered: such 
recorders are cheap, compared with reel
to-reel machines, and tape cassettes offer 
the cheapest recording medium possible. 
To remove ·WOW and flutter from the 
recorded data, the long-term speed stabi
lity of the tape must be accurately 
controlled. Commercially available cas
sette tape recorders for the hi-fi market are 
not easy to modify and it was thought that 
the best solution would be to obtain a 
recorder in kit form. There appeared to be 
only one such instrument available- the 
Hart version of J. Linsley Hood's excellent 
design. This did indeed prove to be the 
solution, for it was simple to modify the 
motor and speed control system of the 

VFL 9IO deck used in the Hart kit. Since 
the kit costs around £110, a relatively 
cheap instrumentation tape recorder is 
therefore feasible. 

Replacing the front panel of the Hart 
recorder with one of I9in wide and 3U 
height (SY4in) made it possible to fit the 
recorder into a standard 19in instrument 
case. In the photograph of the complete 
instrument, the Hart recorder is mounted 
in a 19in case of 6U height (lOYzin) with 
the digital electronics mounted in a rack
ing-frame beneath it. 

Specification 
Before going on to a detailed description, 
the specification achieved by the prototype 
design is presented here so that readers 
may appreciate its qualities and limi-
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tations. Twelve channels of analogue data 
may be recorded simultaneously, with a 
bandwidth of 70Hz (allowing for ·anti
aliasing filters); six channels are recorded 
on each track of the 'stereo' cassette re
corder. Six, four or two channels can be 
used, with consequent increased band
widths of 140Hz, 210Hz and 420Hz, res
pectively. Recorded data is reconstructed 
into analogue form on playback, with a 
signal-to-noise ratio of the order of 60dB, 
achieved by digitizing the analogue data 
into 10-bits. (Data words of 12 bits length 
are used, 2 bits being allowed for parity 
checks.) Wow and flutter content of the 
replayed analogue signals is zero. 

An important parameter of any instru
mentation tape recorder is its response to 
imperfections in the quality of the tape and 
also to vibration. Many such i.t.rs are used 
in the transport industries and are 
therefore subject to considerable vibration. 

Complete multi-track tape recorder. Top 
half is modified Linsley Hood cassette 
deck. 

The effect of both poor-quality tape and 
excessive vibration is to produce a momen
tary signal drop-out, resulting in a 'glitch' 
in the recorded data, the importance of 
which depends very much on the type of 
analysis that is subsequently carried out on 
the data, and which in some cases can be 
very embarrassing. Digital recording tech
niques are very much more sensitive to 
both these faults and it was therefore with 
some trepidation that the author embarked 
on such a design using a relatively cheap 
cassette-recorder and cassette tapes. 

It is possible to eliminate the problem of 
poor-quality tape, provided the imperfec
tions are not extensive, by distributing the 
serial data stream across several tracks of 
the tape and by using advanced error de-

,tectio~ and concealment techniques. 

It was not practical to attempt such so
phistication in a relatively cheap recorder. 
The first attempt at eliminating the gener
ation of glitches was thus a simple one and 
consisted of adding two parity bits to the 
10 bit data word. In the event of a parity 
error being detected in the played-back 
data, the output signal of the particular 
channel is simply held at the level given by 
the last correct data word. The author's 
expectations of this simple error-detection 
system have been more than satisfactorily 
realised! using good-quality cassette tapes, 
such as the Maxell UDXL II, typically less 
than five glitches have be_en detected on 
one channel in 30 minutes of recorded 
data, with the recorder in its two-channel 
mode. Nearly all the glitches occurred at 
the beginning and end of a cassette and if 
half a minute's recording time were elimi
nated from each end of the cassette it 
would appear that most would be re
moved. 

In an attempt to assess the recorder's 
response to vibration it was picked-up and 
shaken by hand - to and fro, side to side 
and back and forth. No glitch in the re
played data was observed. The cassette· 
deck is, liowever, sensitive to rotation 
about the capstan's axis. Whilst the author 
appreciates that this vibration test meets 
no British Standard, the instrument's res
ponse (or lack of it) is better than some 
i. t.rs within his experience. 

Design philogophy 
To record the outputs from a number of 
analogue channels, digitally, on to one 
track of a tape-recorder they must be 
multiplexed, converted to digitill words, 
formed into a continuous stream of serial 
data, and suitably encoded. The first deci
sion to be made was the method by which 
the serial data stream should be encoded. 
The need for encoding arises from the fact 
that it is not possible to simply record the 
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NRZ digital data directly onto tape, be
cause long strings of zeroes or ones would 
contain a strong low-frequency content. 
Also, with no changes in the signal level 
taking place, there is no information being 
generated from which to recover. the clock 
frequency. Because of the inability of con
ventional recording techniques to record 
signals down to zero frequency (20Hz is 
about the best lower limit of a good direct-

Q.-- , recording tape-recorder) and the need to 
be able to extract the clock frequency from 
the recorded data, it is essential that the 
serial data be encoded · in such a way thai 
frequent changes occur in the outpu 
voltage. However, to maximize the 
recording density of the tape, · these 
changes should be as infrequent as pos
sible. 

Two encoding systems were considered 
- ·b"i-phase encoding and delay modula
tion (also called Miller code). Figure I 
shows a serial stream of digital, non-return 
to zero (NRZ) data and the resulting out
puts from the two encoding systems. Hi
phase encoding results in a positive signal 
transition at the centre of 1 cells and a 
negative transition at the centre of 0 cells. 
Miller code is simply hi-phase encoding 
divided by 2 and results in a signal transi
tion at the centre of a 1 cell and between 
adjacent 0 cells: the direction of a transi
tion in Miller code is unimportant. In hi
phase encoding the highest fundamental 
frequency present in the encoded data (ig
noring harmonics) is that of the clock oscil
lator. In Miller code, it is half that of the 
encoding clock oscillator. The lower fre
quency content of the Miller-coded data, 
compared with the hi-phase coded data, is 
the main advantage of Miller code. It 
means simply that twice as much data may 
be recorded on tape, within a given band
width, using Miller code than by using hi
phase encoding. 

Miller code does, however, have disad
vantages. It is relatively simple to extract 
the clock frequency from encoded hi-phase 
data, and also to decode it. The circuitry 
required to decode Miller code and to 
extract the clock frequency is very much 
more complicated. It is also desirable that 
the sequence I, 0, I be included in the 
NRZ serial data stream since, in the ab
sence of 1s or Os, a string of encoded Os 
looks exactly the same as a string of en
coded Is. However, there is a phase dif
ference between encoded Os and 1 s which 
is only detectable when both are present in 
the data. The sequence 1,0,1 in the en
coded data produces a unique time gap 
between signal transitions and thus ·cor
rectly sets the Miller decoder for decoding 
Is· and Os. To determine which encoding 
system should be used, the author had to 
decide between circuit complexity and 
high data capacity or relatively simple cir
cuitry with reduced data capacity: the de
cision in favour of a higher data capacity 
brought with it the need to design a relia
ble clock-recovery circuit and Miller de
coder. 

One of the advantages of digital 
recording is that the recording process 
does not need to be linearized by using a 
bias oscillator, which can considerably 
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simplify the recording circuitry. However, 
as the Hart cassette recorder used in the . 
design was already complete with its linea
rizing circuitry, there was no reason to 
modify it. 

Since the frequency response of the re
corder extends to 15kHz, it was expected 
that it would cope with encoded data . 
whose highest fundamental frequency was 
of the order of 12kHz. Using Miller code 
this meant that a bit rate of 24kbits/s could 
be handled, using a clock oscillator of 
24kHz. To determine the number of chan
nels that could be multiplexed and 
recorded on one track of the cassette re-

-corder, a number of requirements needed 
to be considered, with an ultimate bit rate 
of 24kbit/s as the objective: 
- the minimum required bandwidth of 
each channel, · 
- the desired signal-to-noise ratio, 
- the number of parity bits per data word, 
- the inclusion and length of a synchroni-
zation word. 

First, the desired bandwidth was a 
minimum of 50Hz. · To allow for anti
aliasing filters, this meant a sampling rate 
of 4 to 5 times the bandwidth, say 250Hz. 
Second, a signal-to-noise ratio of 60dB was 

considered desirable, which ~ould be 
achieved by digitizing to 10 bits (in f.m:· 
i.t.rs., the signal-to-noise ratio is the ratio 
of the peak signal level to r .m.s. noise 
level. If the ration of r.m.s. signal level to 

. the r.m.s. noise level is taken, 10 bits pro
duces a signal-to-noise ratio of only 57 dB). 
With 10 bits for the data an additional 2 
bits for parity was thought sufficient, mak
ing a total of 12 bits per data word. Eight 
channels of 12 bit data words, sampled at a 
frequency of 250 Hz, produces a bit rate of 
precisely 24kbits/s. However, as 
mentioned earlier, the sequence 1,0,1 is 
needed in the data stream so that the Mil
ler-coded data can be decoded: a synchro
nization word in the data stream at regular 
intervals allows for this. It also allows cor
rect synchronization of the data on replay 
and de-mi.dtiplexing. To insert a sync, 
word into the data stream, without in
terrupting its steady flow, temporary sto
rage buffers are needed for the data. Two 
clocks also become necessary - one to 
clock the data into the buffers and a 
second, faster one - to clock the data and 
sync. word out. The ratio of these two 
clocks will be (xx 12):(xx 12)+y where x 
equals .· the number of channels and y 
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equals the number of bits in the sync. 
word. With 6 data words of 12 bits and a 
sync. word of 8 b~ts this ratio could be very 
·conveniently made 9:10, i.e. (6x 12)=72: 
{6x 12)+8=80. A common crystal-· 
controlled oscillator of 3 ,2768MHz, 
divided down by 16X9 and 16X 10, gives 
frequencies for the two clocks of 22,755.5 
Hz and 20,480 Hz respectively. 

The faster one is referred to as the tape 
clock, since it runs at the rate at which the 
data, plus sync. word, is encoded on the 
tape-recorder. The slower one, running at 
the rate at which data alone is handled, is 
the data clock. The tape clock, at 22,755.5 
Hz, is very close to the aimed-for bit rate 
of 24kbits/s and is the closest that can be 
achieved using standa,rd crystals. For this 
reason, and because of the convenience of 
a 9:10 ratio for the data and tape clocks, it 
was finally decided to record six channels 
per track of the cassette recorder. With a 
data clock of 20,480 Hz, 12 bit data words 
and 6 channels, the sampling rate per 
channel works out at 284.4 samples/s, 
which makes possible a bandwidth per 
channel of around 60 Hz to 70Hz. 

To be continued. 

Literature, • received 
Twenty four application notes from Datalab 
present information on the use of their transient 
recorders with a number of computers, calcu
lators, tape punches and graphics terminals. 
Copies are obtainable from Data Laboratories 
Ltd, 28 Wates Way, Mitcham, Surrey CR4 
4HR. 

.WW401 

1981 Samtec catalogue contains 44 pages of 
specification and ordering information on a 
range of plugs, sockets, jumpers and terminal 
strips. Write to Symec Electronics Ltd, Lexden 
Lodge, Crowborough Hill, Jarvis Brook, Crow
borough, Sussex. 

WW402 

Single, dual and triple-rail power supplies, 
mounted on Eurocards and covering all stan
dard voltages from ± SV to ± 30V are made by 
Vero, who describe them in a new brochure, 
available from Vera Systems, 362A Spring , 
Road, Southampton S09 SQD. 

WW403 

'Ambit Int~rnational have changed the name of 
. their components catalogue to 'The World Of 

Radio And Electronics' and intend to produce it 
quarterly. Items stocked will, they say, comple
ment their magazine. Price is 60p, but the cata
logue contains three £1 vouchers. Ambit are at 
200, North Service Road, Brentwood, Essex 

CM144SG. 

Metal-film resistors from Mullard are well 
described in a colour leaflet, which can be 
obtained from Mullard Ltd, Mullard House, 
Torrington Place, London WC1E 7HC. 

WW404 . 

Catalogue covering a range of ceramic, chip and 
mica capacitors is available from RBS Capaci
tors Ltd, Orchard Works, Vencourt Place, 
Hammersmith, London W6 9LZ. 

WW405 

Publication from ICI discusses the cleaning and 
drying of metal, glass and plastics components 
and equipment in the electronics industry, 
using Arklone W solvent in special plant. 
Copies from ICI Solvents Marketing Depart
ment, ICI Mond Division, PO Box 19, Run
corn, Cheshire WA7 4LW. 

WW406 

Data conversion equipment is the subject of a 
short catalogue from Micro Networks. It in
cludes brief descriptions of digital-analogue
digital converters~ track/hold amplifiers, in
strumentation amplifiers and complete systems. 
The company is represented in the UK by Pas
call Electronics Ltd, Hawke House, Green 
Street, Sunbury:.on-Thames, Middlesex TW16 
6RA. 

WW407 

Catalogue of software for CP/M-based compu
ters is available from Transam. Programs in
clude those for general office work, business 
and accounting and scientific operations. Lan
guages include several varieties of Basic and 
Pascal. TCL Software, 59/61 Theobald's Road, 
London WC1. . 

WW408 

Catalogue of general electronic components 
from Vako contains descriptions of a wide range 
of discrete and integrated semiconductors, 
displays, passive components and hardware, in
cluding a large section of loudspeaker drive 
units. Write on company letterheads to Vako 
Electronics Ltd, Pass Street, Werneth, 
Oldham, Greater Manchester OL9 6HZ. 

Short catalogue by Burr Brown on a-d-_a 
converters, amplifiers, analogue circuit fuhc
tions, power supplies and fibre-optic data links. 
Burr Brown International Ltd, Cassiobury 
House, 11-19 Station Road, Watford, Herts 
WD11EA. 

WW409 

Selection of switches from Lorlin is described 
in a new catalogue. Types shown are rotary, 
lever rotary, lock switches, p.c.b. types, sliders 
and mains switches. Catalogue from Lorlin 
Electronic Co. Ltd, Daux Road, Billingshurst, 
Sussex RH14 9SW. 

WW410 
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The cartridge alignment problem 

Of the two basic sources ~f distortion 
and wear irivolved in the use of a 
pivoted tone arm, tracking angle 
errors and lateral loading on the 
stylus, the customary approach 
assu111es that the first is all-important. 
Hence use of overhang and offset 
figures that give the lowest tracking 
angle distortion over the playing area 
of the record. This approach may be 
fallacious, and a better overall 
performance may be attained by 
paying attention to the influence of 
overhang and offset on lateral loading 
conditions. 

It must be clear to readers of the hi-fi press 
that there has long been a marked dif
ference of opinion between manufacturers 
and hi-fi writers regarding the correct ap
proach to arm geometry and alignment 
problems. The following quotations selec
ted from recent publications are typical of 
many more: 

"Most arms are sub-optimally designed." 

"There is about a 50-50 split between those 
designed for minimum tracking error and 
those not really designed for anything at all 
other than high distortion." 

"Pickup arms vary wildly in their geometry 
and few are properly designed." 

"Current techniques for cartridge 
alignment are based on completely false 
assumptions and achieve ... not alignment 
but misalignment." 

"At present the importance of accurate arm 
alignment is highly under-estimated." 

"If the arm geometry is wrong (sic) it can 
only be due either to cussedness or plain 
ignorance on the part of the designer." 

Strong words indeed! The most com
mon ground of condemnation is that the 
amount of stylus overhang and head offset 
is insufficient to achieve the lowest . pos
sible tracking error distortion, over the 
playing area of a 12" .record. The mathe
matical basis for achieving the lowest pos
sible tracking error distortion has been 
examined by a number of people promi
nent amongst whom were Bauer and Baer
wald more than three decades ago. These 
approaches have been well publicised and 
it seems to be the essence of the pundits' 
criticism that manufac.u!rers are too 
ignorant, obtuse or di.sinterested to take 
notice of these well known methods of 
design. But there are disadvantages in aim-

A new approach 

by R. J. Gilson, M~lMech.E. 

ing at the lowest possible tracking errors 
which do not seem to be considered by 
those who censure the manufacturers so 

. strongly . . This article examines both as
pects and suggests a way of resolving this · 
longstanding controversy. 

Tracking geometry 
Tracking angl~ errors are minimized by 
offsetting the pick-up cartridge at an angle 
to the arm, as indicated by broken lines in 
Fig. I. It is the amount of variation in ~ 
across the playing area of the record that 
determines the magnitude of the tracking 
error, i.e. the discrepancy between ~ and 
.offset angle. Graph shows the relationship, 
of ~ to R over · the playing area for various 
values of overhang, and to obtain the 
minimum possible tracking errors an over
hang figure in the region of 15 to 20mm is 
needed. (this is based on a value of C of 
203mm (8in), which seems typical. For 
other values overhang required will vary 
inversely as C. This is dealt with more 
fully later): The formula proposed by . 
Bauer/Baerwald for calculating "opti-
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mum" overhang, in the sense of achieving 
lowest possible tracking errors (see appen
dix) gives an hoof 17.9mm, for R=146, 
r=60, L=221mm, where Rand rare outer 
and inner groove radii, which agrees with · · 
expectations from the graph of Fig. LA 
inore recent rule (Stevenson, May, june 
1966) gives the same figure of 17.9mm (see 
appendix). Another widely publicised rule 
is to set zero tracking angle error at radii of 
121 and 66mm. The overhang figure 
necessary to meet the requirement of zero 
angular error at any two radii can be calcu
lated from equation 3, and for C=203, 
R=121 and r=66mm gives h=18.8mm, 
which is in close agreement. Randhawa in 
WW March 1978, proposed overhang and 
offset figures comparable to those given by 
Bauer, although if anything slightly 
higher. The actual figure proposed for an 
216mm value of L, is 16.5mm, which is 
somewhat smaller than the above figures 
because a smaller value of r has been as
sumed, i.e. 54mm in place of60mm. 

The. next step is to evaluate the corre
sponding offset angle which will average 
out the angular errors to best advantage. 
(This is, of course, provided automatically 
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lby adopting the two-point zero error meth
.od as instanced by formula 3, but in the 
more general case it is necessary to find the 
optimum offset angle for any selected 
value of overhang.) Looking at Fig. 2 
again, there are three potential points of 
maximum angle error, i.e. outer radius, 
inner radius, and intermediate radius at 
·which~ is a minimum. This last, the radius 
for minimum ~' can be calculated from 
Rmin=v'L2-C . For the curve in Fig. 2 
for h=20mm, if the offset angle were to be 
set at 25°, tracking angle errors would be 
X2, -0.4 and xz.so at inner, Rmim and 
outer grooves respectively. To put this into 
perspective, notice that distortion due to 
tracking error is proportional to angular 
error and inversely to groove radius, so we 
need to convett the angle errors to degrees 
per unit of radius i.e. +0.33, -0.06 and 
+0.1 JO per em of radius. Obviously this is 
not the best that can be done, and the 
figure of 25° for offset angle needs in
creasing a little. The best value could be 
found by trial and error, or calculated from 
formula 4a, see appendix. 

Lateral bias forces 
It is an unfortunate fact of life that with a 
pivoted arm moving in an arc, there must 
be a side force acting on the stylus tip 

·which becomes greater with increasing 
overhang. The basic conditions ar~ set out 
inFig. 3, where F is the side thrust result
ing from the angular difference between 
the directions of stylus drag D and resist
ing pull P . Taking moments about the arm 
pivot, force F can be evaluated in terms of 
drag D by F=D tan~. Values of FID are 
plotted in Fig. 4, which shows F can reach: 
50% of the drag D with 18mm overhang. 
The normal method of dealing with this 
side thrust is to apply an opposing outward 
torque or bias to the arm, but it seems not 
to be generally appreciated that such com
pensation is very much of an approxima
tion. To understand this, examine the drag 
factor carefully. ·Tangential drag D is 
composed of a number of elements. 
Frictional drag. With 45° groove walls, 
stylus loading on each wall is 0. 7 of the 
down force, so that frictional drag will be 
l.4JAW, where !A is the coefficient of fric
tion and w the down force or tracking 
weight. In addition to straight sliding fric 
tion, there will be "deformation drag" due 
to the elastic deformation of the disc 
material at the stylus contact point, and it 

. seems reasonable to estimate that the 
effective coefficient of friction will be 
somewhere between say 0.1 minimum and 
0.3 maximum, depending on stylus shape 
and finish, and disc surface finish. Thus 

· the total frictional element of drag D could 
be between about 0.15 and 0.4 of the down 
force. In principle, this frictional element 
is independent of groove velocity. 
Modulation drag. In addition to the fric
tional element which applied to an unmo
dulated groove, there will be further drag 
due to modulation of the groove. This 
modulation element can be sub-divided 
into three related elements, inertial drag, 
compliance drag and transducer drag. 
Inertial drag is due to the energy absorbed 

E 
E 

'-D 

a:: 
gs 
u.. 
0 
~ a:: 
0 
E 
u.. 

\ ~' 

·"·· \ ""'--\ 

.....__ 
0 

in accelerating the stylus/armature system 
as it · responds to the groove modulation. 
Acceleration can be extremely high, up to 
lOOOg or more, and inertial effects must be 
correspondingly great. The energy re
quired to violently waggle the stylus/canti
lever/armature system can only be 
supplied by the turntable motor, and on 
the assumption that for a given music 
content the energy requirement is con
stant, it follows that a constant torque is 
imposed on the turntable motor, which 
means that the drag at the stylus point 
varies inversely with groove radius . (In 
principle, no energy is required to waggle a 
mass, as energy absorbed during accelera~ 
tion will be balanced by an equal amount 
given out during deceleration. But we are a 
long way from a perfect mechanism, and in 
practice the deceleration forces will be 
dissipated in the form of frictional losses.) 
Compliance drag covers the energy ab
sorbed in overcoming the stiffness and 
damping or hysterisis of the cantilever 
hinge system, and is presumably greatest 
at low frequencies when lateral movement 
of the stylus is at a maximum. It tends to 
have a constant energy characteristic, giv
ing an inverse relationship to groove veloc
ity. 
Transducer drag covers the energy absorbed 
in converting mechanical energy input into 
electrical output from the armature/field 
system. Presumably small compared to 
inertial and compliance drag, it will also 
have an inverse relationship to groove ve
locity. 

In the absence of measured figures for 
stylus drag one can try to make some sen
sible guesses based on a background of 
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'mechanical engineering principles . It 
seems obvious that a heavily modulated 
groove will impose more drag than a 
lightly modulated one, and bearing in 
mind the high acceleration figures 
involved, it seems reasonable to assume 
that modulation drag might reach a peak 
value of say 30% of the down force. (Mod
ulation drag is not in fact directly in
fluenced by down force, but in practice 
tracking weight or down · force is affected 
by stylus mass and mechanical impedance, 
and in this sense modulation drag can be 
related to minimum tracking weight.) 

Adding frictional drag to the assumed 
modulation drag, we get a· total stylus drag 
varying from a minimum of perhaps 15% 
of down force up to a peak maximum of 
perhaps 60% or more. With 18mm over
hang giving an FID ratio of approximately 
0.5, side thrust F could be anything be
tween say 8 arid 30% of tracking weight, 
Part of this thrust varies inversely with 
groove radius, increasing from rim to 
centre, and more importantly it can fluc
tuate violently with modulation character
istic. It is unrealistic to expect to cancel out 
the ill-effects of fluctuating side thrust by ~ 
fixed arm bias, although it may mitigate 
things a little. About the best one could 
achieve, assuming drag D could be accu
rately assessed, would be to reduce the 
maximum F by about 2/3, at the cost of 
increasing the minimum F in roughly the 
same proportion. 

As welf as force F increasing the stylus 
loading on the inner groove wall and re
ducing the loading on the outer wall, there 
is a separate force acting to displace the 
stylus from its free dead-centre position. 
This is due to the tendency of the tangen
tial drag D to pull the stylus cantilever into 
line with the arm pivot, and might be 
termed the reverse toggle effect. The con
ditions are set out in Fig" 3, which shows 
that by taking moments about the arm 
pivot, effective stylus displacement force is 
t=dtanB. Angle B will be nearly the same 
as the tracking angle ~' and d will be al
most the same as D, sot is substantially the 
same as F, Fig. 3. It follows that any arm 
bias applied to compensate F will also 
compensate t to almost the same extent. If 
we apply an outward acting arm bias ofsay 
2/3 of maximum F, then in lightly mod
ulated grooves the displacement force twill 
be over-compensated, and there could be a 
net force t of roughly 15% of the tracking 
weight acting to rotate the cantilever in a 
clockwise direction. Conversely, in a peak
modulated groove there will be a partially 
compensated force t acting to rotate the 
cantilever in an anticlockwise direction. 
The amount by which the cantilever/arma
ture system is displaced will depend on the 
static compliance of the cartridge, and any 
ill-effects on sound quality will depend on 
the sensitivity of the transducer system to 
non-linearity due t.o displacement from the 
true dead-centre position. 

In addition to any audible effects, the 
existence of force F must result in added 
wear on stylus and disc. It may not be 
realised that the effective increase in stylus 
loading against the inner groove wall is 
double the net force F. If a given cartridge 
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requires wgm tracking weight with zero F, 
as could be the case with a true radial or 
straight-line arm movement, then ifF be
comes say 0.2gm the tracking weight will 
need to be increased to w+0.2gm to 
prevent mistracking on the groove outer 
wall, and the lateral loading on the inner 
wall will be increased by 0. 4gm. · 

The existence of so many factors in the 
lateral bias problem, and the difficulty of 
assessing the optimum balance between 
conflicting requirements, is doubtless the 
reason for the widely differing approaches 
adopted. The Hi-Fi press seem to regard 
an arm bias of about 10% of tracking 
weight as "correct", whilst manufacturers 
adopt anything between 5 and 30%. And 
at least one major record company recom
mend setting arm bias on a plain un
grooved section of their test record! There 
are also differences of opinion on the ques
tion of whether bias should increase or 
decrease over the arm travel. The press 

· seem to regard increasing bias from rim to 
centre as desirable, whilst some manufac
turers adopt reducing bias, presumably on 
the reasonable assumption that the ten
dency for modulation drag to increase with 
reducing groove radius is more than bal
anced by the tendency for F I D to fall to
wards the inner grooves when overhang is 
small. 

· Optimization 
·To date, the emphasis in the press seems 
to be confined to the problem of achieving 

~ minimum possible angular errors, without 
regard to the possible penalty in increasing 
the lateral forces F and t. 

Distortion due to angular error is 
proportional to angular error per unit of 
groove radius and is quantified in a for
mula attributed to Baerwald, d=4.44elr, 
where d is % tracking error distortion for . 
modulation velocity 10 cm/s, e is tracking 
error in degrees, and r is groove radius in 

· . em. Using this formula in conjunction · 
with Fig. 2 for values of FID and formu
lae 4 for optimum offset angle, on,e_can
plot FID against distortion, as shown in 
Fig. 4. The whole controversy is summed up 
in this curve. It shows simply that the 
lowest possible tracking angle errors can 
be achieved only at the cost of increasing 
the values ofF and t; and conversely forces 
F and t can only be reduced by accepting 
increased angular errors. In the absence of 
published information on the audible 
effects of the opposing factors, the opti
mum balance is anybody's guess,but it is 
hard to see justification for the assumption 
that the lowest possible angular error must 
necessarily be the best condition. Tracking 
distortion is said to be predominantly 
second harmonic, and the question arises 
of what level becomes audible. According 
to one source* 5 to 10% second harmonic 
distortion is normally undetectable, so it 
seems highly improbable that a mere 
1% distortion would be audible, 
bearing in mind the . overtone content 
and highly complex waveform of musical 
modulation. Would the 1 V2% imposed by 
the usual overhang of only 1 Omm adopted 
by manufacturers become audible? Or the 
*"Pickups, the key to hi-fi", by] . . Walton (Pitman) . 
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2% necessary to halve the force F at inner 
grooves? Without a definite answer, it is 
:difficult to formulate an optimum balance 
·between the conflicting factors. 
· There are two essential factors to inves-

. tigate, the audible effect~ of angular error 
and of lateral force, and it . should p~ ~ 
fairly simple matter to undertake this with 
the aid of a straight-line arm for a refer
ence. The cartridge could be twisted round 
in say 1° steps up to a maximum of perhaps 
7°, and side loading could be applied 
(perhaps by . tilting the deck bodily) in 
steps of say 5% of tracking weight up to 
perhaps 50% maximum. If such tests were 
assessed by listening panels, using a 
number of top-grade cartridges of differing 
characteristics, this would surely provide a 
firm basis for arriving at a generally 
acceptable balance. The listening tests 
could be supplemented by wear tests on 
the stylus, and by measurements of stylus 
drag. 

In thinking about these problems, it is 
necessary to keep a sense of proportion; 
tracking error is only one source of distor
tion and possibly a minor one. Probably 
·the worst source is tracing error, which can 
1easily run into double figures percentage 
at the inner grooves, particularly with 

. slight stylus wear. Then there is vertical 
tracking angle error, which is difficult to 
avoid. Another source is that due to any 
longitudinal compliance in · the stylus/ar
mature system; it is usual to mount the 
cantilever in an elastomeric grommet or 
block, and this is not adaptc;!d to providing 
much rigidity in the longitudinal direction. 

Bearing all these factors in mind, it 
seems not unlikely that the manufacturers 
are doing the right thing in using lower 
overhang and offset figures than those 
favoured so strongly by the hi-fi pundits. 

It may be helpful to examine the distor
tion figures a<;ross the playing area of the 
record, for ithe extreme conditions 
favoured by 3ne side or the other. Fig. 5 
shows the dis~ortion profiles at lOcm/s for . 
three different overhang conditions: 19mm 
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Appendix 
The "two sides and included angle" trig. for- . 
mula a2=b2+c2-2bccosA applied to . Fig. 1 
gives 

Sauer/Baerwald formula: 

. ho=--_,2 _ _ ,_ . ') 

L~+ (~;r )lJ , (2) 

where R and rare outer and inner groove radii. 

Stevenson: 
h0 =L-VL 2~ 7600 

orv'd+7600-C 

Overhang for zero angular · error at any two 
radii: 

h=~-c 
where R and r are points of zero ·arrgken:or. 

Offset angle: 

~iRmin X ~minJti 
RminXRi 

(3) 

(4a) 

where ~i is the angle at inner groove and Rmin 
the radius at which ~min occurs. For the present 
example, this works out to ~opr=26.1°, which 
gives errors of +0.15, -0.16 and +0.09° per 
em. 

This is the best we can do when rounding to 
the nearest 0.1°, the points of maximum error 
being at inner grooves and Rmin of 93mm. With 
smaller overhang figures, as often used by 
manufacturers, the points of maximum error 
will usually be at outer grooves and Rmin> and 
the new formula for ~opt becomes 

~oR min X ~minRo 
RminXRo 

(4b) 

where ~o is angle at radius R 0 (normally 
146mm). If the overhang is small enough 
to place Rmm less than the inner groove 
radius, usually below IOmm. then the for
mula for ~opt becomes 

~oRix~inRo 
~ki 

(4c) 

as required to give lowest possible distor
tion, lOmm as favoured by many manufac- .. 
turers, and my proposal of 13mm the low 
distortion achieved by the 19mm condition 
is only maintained if the inner groove 
radius does not falr below 60mm, ahd in 
practice figures down to 58 or even 
56mm can occur with 33 rev/min discs, 
while 45s can go down to abeut 50mm. At 
the other extreme, the . IOmm overhang 
gives 2Vz times greater distortion at the 
nominal 60mm inner groove radius, in .re
turn for 35% reduction in ·lateral forces F 
and t. The proposed 13mm condition 
seems to make sense; it holds distortion 
down to a maximum of about 1%, and · 
provides 25% reduction in lateral forces as 

Continued on page 64 
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Tracking mains filter 
High-0 active network rejects low frequency interfering signals 

by K. Radhakrishna Rao and R. S. Moni, Indian Institute of Technology, Madras 

The circuit described is a high-0, self
tuned band-rejection filter for 
suppressing low-frequency 
interfering signals, particularly 50Hz 
power-line interference. It makes use 
of four op-amps and a phase
correction scheme and needs no 
precision components. Because the 
notch frequency of the filter tracks the 
frequency of the interference signal, 
tolerances and temperature 
'coefficients of the frequency
determining passive components do 
not affect the performance. 

Active band-elimination filters have be
come important in instrumentation used in 
biomedical and other fields, to eliminate 
low-frequency interference signals, parti
cularly those due to the 50Hz mains fre
quency and its harmonics. High-Q band
stop filters are required, but without 
affecting the physiological data, which car
ries a wide range of frequency components 
(normally from zero to 5000Hz). Such a 
high-Q filter requires excellent perform
ance characteristics. The zero-frequency of 
the filter has to be accurately determined 
by the passive components, and it must 
exactly coincide with the pole-frequency. 
Such stringent requirements need preci
sion passive components with zero tem
perature coefficients. But even if the filter 
satisfies all these conditions there is no 
guarantee of the frequency stability of the 
interfering signal. This frequency might 
fluctuate from its nominal value and result 
in the feed-through of a significant portion 
of the interference signal at the output of 
the filter. This problem can be tackled 
only by using a self-tuned high-Q band-

. elimination filter whose pole-frequency is 
determined by the same components as the 
zero frequency. 

Interference Vi1 o-----'\1\/\ 

Many of the known active RC band-stop 
filters 1·3 require precision passive compo
nents with zero temperature-coefficients to 
achieve satisfactory performance. Further, 
in a few self-tuned notch filters reported 
earlier4•5 the notch response is obtained by 
subtracting from the input signal the in
terference-frequency components, derived 
from a switched RC network. The 
switching frequency is synchronised to the 
frequency of the actual interference signal 
through a clock generator, thereby provid
ing a tracking capability. With this scheme 
the self-tuning range attained is limited 
and, furthermore, all the stringent condi
tions with regard to passive components 
must be fulfilled. Moreover it is quite com
plicated, because additional circuitry has 
to be incorporated to suppress the 
switching-noise generated and to keep 
both inputs to the subtracting circuit equal 
in magnitude and phase at all the tracking 
frequencies. In this article a relatively 
simple scheme, which does not require 
zero temperature-coefficient, precision, 
passive components, is proposed. It uses 
the four-amplifier circuit shown in Fig. · 1, 
which is a modified · Kerwin Huelsman 
Newcomb biquad6• Self-tuning in such an · 
arrangement involves making the filter 
voltage-tunable7 by replacing the fre
quency determining resistor, R in Fig. 1, 
by a voltage-dependent resistor, R', shown 
in Fig. 2, and then locking it to the in
terference signal vib by applying phase 
corrections8 as shown in Fig. 3. 

An analysis of the circuit is given in the 
Appendix. 

Experimental results 
The filter shown in Figs. l, 2 and 3 was 
built with dual op-amps and a pair of 
matched j.f.e.t.s. The phase-correction 

Oa ta Vj 2 o-----'\M:.:=----4...._, 
All op-amps=112 LM 747 

system was made up of a LM711C dual 
voltage-comparator, a CA3028A differen
tial amplifier for temperature compensa
tion of the output levels of the comparator, 
and a low-pass filter for smoothing the 
output. The control voltage from the phase 
correction scheme was used to vary the 
resistance offered by the f.e.t. The filter 
was tested for self-tuning and frequency 
response characteristics. The input signal
levels, Vil, and Vi2, shown in Fig. 1 were 
kept low enough (lOOmV) to facilitate 
linear operation of the f.e. t. 

Fig. 4 shows the filter attenuation for 
different Q0s (Qo=54.67,100), as the fre
quency of the interfering signal, vil (self
tuning frequency) is varied. It can be seen 
that the attenuation decreases slightly as 
the frequency and Q0 are increased (see 
equation (6) in Appendix). Fig 5 shows 
the frequency response characteristic with 
the filter self-tuned to the 50Hz mains 
interference signal, vil, and the incoming 
physiological data with interference signal 
present added as vi2· 

Attenuation of the interfering signal and 
the self-tuning range of the filter are found 
to be more than adequate in many applica
tions, as, in practice, the drift in power 
line frequency is much less than the self
tuning capability of the filter. The filter 
can be used to suppress any undesired 
frequency component, in any range, by 
properly choosing capacitor C in Fig. 1 

Fig. 2. Voltage-dependent resistor using a 
f. e. t., to be used for R in Fig. 1. Its value 
R'=(2R1+R/;Rt)=effective resistance 
between the terminals A and B. Rt=f.e.t. 
resistance, determined by the control 
voltage, Vc. R2=resistors for equalising the 
f. e. t. characteristics. 

Fig. 1. Modified biquad circuit, providing 
band-pass (V0,), low-pass (V02), high-pass 
(V03), and band-elimination (V04) functions; 
vi1 is the interference signal to be 
eliminated and vi2 is the physiological data 
signal containing the interference
component. (w0(= 1/RC)=ideal pole 
frequency; 0 0=ideal pole Q; and G=gain 
of filter.) 
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within the limits permitted by the phase 
correction circuit. This scheme can be ex
tended to suppress the harmonic compo
nent of the interference signal also, by 
adding one more filter of the same kind 
but self-tuned to the harmonic component 
to be eliminated. A single phase correction 
scheme is sufficient to drive both the filt
ers, using a "follow-the-master" prin
. ciple9• In this case, the first filter will have 
two inputs, Vil and Viz, as discussed ear
lier and the second filter will have its input 
taken from the notch output, V 04 of the 
first filter. The desired output, devoid of 
the interference signal and its harmonic 
component, is obtained from the notch 
output ofthe second filter. 

In the filter constructed a small amount 
of jitter is observed at the notch output at 
50Hz. This is due to the presence of the 
50Hz ripple in Vo used to control the f.e .t. 
To get rid of this, the phase correction 
scheme in Fig. 3 has to be slightly mod
ified, by replacing the 711 dual comparator 
by another comparator circuit, shown in· 
Fig. 6. It makes use oftwo single compara
tors and an Exclusive-OR gate. The output 
of the gate has a frequency twice that of the 
input and therefore can be easily smoothed 
by the succeeding filter stage in the phase 
correction scheme. However, the price to 
be paid is a slight decrease in the attenua
tion at 50Hz, due to the increase in error 
introduced by the phase correction 
scheme, if the comparators used are not 
perfectly matched. With this modification, 
using a pair of randomly chosen compara
tors, the attenuation at 50Hz is found to be 
about 36.5 dB. 

Appendix: circuit analysis 
Considering the finite-gain of the· op-amps 
used as A= l(l!A0+s/GB), where A0 is the 
finite d.c. gain and GB is the finite gain
bandwidth product of the op-amp, and 
assuming all the op-amps to be identical, 
the transfer-function of the notch filter 
'with G= 1 can be derived as: 

(1) 

I 
I 
I >-..._------ov c 

Fig. 3. Phase-correction scheme. 

~ ~ ~ ~ W M ~ 
Wp 

SELF-TUNING FREQUENCY fp = 2Tt (Hzl 

Fig. 4. Attenuation of the band-elimination 
filter with self-tuning frequency. 
Vo4=output of filter; Vi 1 =interference 
signal. 

Fig. 5. Attenuation of the filter with 
frequency of input signal, vi2' the filter 
being self-tuned to the 50Hz power-line 
interference signal, Vi 1• V04=output of 
filter; vi2=physiological data signal with 
the interference signal present. 

Fig. 6. The comparator circuit with 
Exclusive OR-ed output Y=Aff)B. 
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where Wp 

Wz l ( ~0

) . J.·l/2 

( 3) 
1 + 4+ Qo +2Wo ' 

Ao GB 

Q Qo 

P [.I+Q.(2-~J _4oo, ] (4) 
Ao GB , 

L 

(5) 

Taking into account the tuning error, 
E/2Qp, where E is the error due to the 
phase-detector used in the phase-correc
tion scheme8, the equation ( 1) can be sim
plified for the self-tuned filter as: 

Vo4 [ Ez 1 ] v" 
vi, =Qp . Qp2+; Ql · 

(6) 

~ r·· 2 Q 2 ( 2 - 4(t)o ) 2 ] lf? -E+o- -- ~ 
. Ao GB 
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The cartridge . 
alignment problem 
Continued from page 61 

against the 19mm condition: and distor
tion drops away nicely in the S0-60mm 
inner groove region. These profiles are 
based on a figure for C of 200mm, which 
seems typical. For other values, overhang 
should vary in inverse proportion, h = 
k!C. 

In the case of arms having L as the fixed 
dimension, this can be transposed as 
h= Yz(L- VL 2-4k). For the high-over
hang condition as represented by 
Bauer/Baerwald/Stephenson k is 3600, as
suming an inner radius of 60mm; for the: 
Randhawa proposal (54mm) k is 3,300; for· 
lOnun overhang k is 2000; and for the: 
13mm condition proposed it is 2600. 

It remains to formulate a method of 
evaluating the optimum setting radius, i.e. 
the radius at which offset angle is the same 
as tracking angle~- Calculate~ for various 
values of C and h at the three controlling 
raddii, i.e. inne~ gr~oves, outer grooves 
and Rmin as VL -C . Then calculate the 
optimum offset angle from formula 4. 
Finally, calculate the radii for zero angle 
error, from formula 1. Plot these radii 
against h for various values of C, and 
against C for various values of h. There
sulting curves are practically straight lines 
over the usable range of C and h, which 
means that the setting radii have the form 
of ay=a+bx relationship. The figures ob
tained are R 0=79+(hC/84) and 
ro= 12+(hC/71), where Ro and ro are radii 
for zero angle error. (Strictly speaking, it is 
undesirable, from the point of view of ac
curacy, to use two empirical formulae 
when the product of the two quantities are 
precisely related (refer to formula 3), and it 
would be better to evaluate r0 from the 
formula (L2-C2JR0• For the proposed 
rule h=2600/C, R 0 =li0mm and 
r0 =49mm, for any value of C within the 
normal range of say 170 to 230mm. The 
maximum tracking error distortion can be 
calculated from the empirical expression 
d(%)=210/C. Offset angle can be calcu
lated from formula 1, or closely approxi
mated by the empirical expression 4380/C. 
Using high quality equipment I have been 
unable to detect any audible difference 
between the points of maximum tracking 
.error distortion and zero error. 

*"Pickups, the key to hi-fi", by J. Walton (Pitman). 

Displacement current 
Will Mr Lawrence A. Jones, who submitted two 
articles on. displacement current, please write to . 
Martin Eccles, Wireless World, Quadrant 
House, The Quadrant, Sutton, Surrey or ring 
01-3500, extension 3589. 
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IN OUR 
NEXT 
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ISSUE 
C.b. radio 
frequency 
synthesizers 
Direct and mixer-type fre
quency synthesizers are 
described by Dr E. F. da 
Silva of the Open Univer
sity. Points for and 
against each type are, 
mentioned and there is a 
practical circuit design 
for a mixing synthesizer 
to cover the 40 c. b. chan
nels. 

·Display aid 
for micro
processors 
This is a device designed 
by Prof. K. Padmanabhan 
of Madras University 
which enables a simple 
oscilloscope to display 
the values of digitized 
signals in alphanumeric 
form, complete with soft
ware-generated annota
tion. 

Cartridge 
ali:gnment 
gauge 
R. J. Gilson presents a 
simple device which 
plugs into the stylus posi
tion of a pickup cartridge 
to enable the correct 
position to be set up 
more easily than with a 
protractor. 

On Sale 
October 21 
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AVODA117 
The AVO OA117 is 
an auto-ranging 
instrument that's 
really fast. On de 
and resistance 
ranges, the 
response time is · 
less than 1 second; 
to an accuracy of 
+0,5% of reading 
+1 digit! This 
compact dmm 
features a 3% digit led with 
a range hold (or range up or down) · . 
Measurements can be made up to 1000V, 10A 
and 20Mo and there is a special Junction Test 
range for diodes and transistors. 
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on-site servicing to 
laboratOry bench applications

AVO meet them am 
contact any of our distribution 

outlets or call us direct for further 
detailed Information. 

AVO LIMITED, 
Archcllffe Road, Dover, Kent CT17 9EN. 
Tel: 0304 202620. Telex: 96283. 

NEW DISTRIBUTORS WANTED 

ENCLOSURES 
An attractive metal enclosure with ajustable card guides, 

cover plates are blue PVC clad for appearance & durability 
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Long-distance television reception 
2- Why tv signals sometimes cover long distances 

This month the authors discuss the 
theory behind various conditions 
under which the range of tv 
transmissions are extended and -
what is more important to the 
prospective OX-tv enthusiast- how 
to look for, identify and make the best 
use of these conditions. 

Temporary effects caused by certain 
weather conditions, meteor showers and 
even lightning can affect the distance over 
which tv signals can be received. In this 
article we will take a closer look at some of 
the conditions briefly discussed in the last 
article and some others not previously 
mentioned. We hope that experienced 
DX-tv enthusiasts will bear with us for the 
benefit of newcomers to the hobby as we 
intend to cover news and development in 
the field in subsequent articles. For read
ers who missed the first article, DX-tv is 
an abbreviation for long-distance television 
reception. 

Tropospheric propagation 
This is probably the easiest propagation 
mode for the newcomer to DX-tv to expe
riment with as, provided one is not in
terested in receiving sound channels, a 
standard u.h.f. tv set can be used to pick 
up signals from the Continent if the aerial 
is pointed in the right direction. 

The troposphere extends from the sur
face of the earth to around 7600 metres 
above and within it atmospheric pressures 
vary in different areas. From time to time, 
slow-moving areas of a hove normal 
pressure can occur (anticyclones). Clear 
blue skies by day and clear but cold nights 
are often associated with high-pressure 
areas, but sometimes a high-pressure area 
together with a low-pressure zone can exist 
that leads to conditions normally asso
ciated with winter. 

Assuming that the weather condition is 
purely anticyclonic, a noticeable improve
ment in the strengths of usually weak sig
nals will be experienced. Long-distance 
signals will be at their best on the u.h.f. 
bands (Bands IV and V) in the early 
morning and late evening. If you pick up 
an unfamiliar programme during this at
mospheric condition, the first sign that it 
may come from overseas is a picture with
out sound. Table 1 reveals that other 
European television services have different · 
sound channel spacings to the one we use, 
system I. 

A picture without sound does not 

by Keith Hamer and Garry Smith 

HIGH 1016 

necessarily I mean that the signal you are 
receiving comes from the Continent but by 
looking through programme guides or 
briefly tuning into the British transmitters 
you can usually make certain by a process 
of elimination. Many European stations 
transmit the test card - the easiest means 
of identification - for a few minutes after 
close down, in the early morning and 
sometimes even all through the night. 

A told or occluded front at the boundary 
of the high-pre~sure region can increase 
the range of tv signals even further. In 
October of 1975, an exceptionally good 

HIGH 1036 

Fig. 1. In October of 1975 the weather 
conditions shown here produced very 
good tropospheric reception conditions 
and signals from some 850 miles away 
were received in the UK. 

'opening' in the UK allowed signals 
transmitted some 850 miles away to be 
received. Figure 1, kindly supplied by the 
Meteorological Office, is a weather chart 
for that period showing the high-pressure 
region over central Europe and the asso
ciated front, line AA. 
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Daily weather forecasts on BBC-1 are a 
means of keeping watch for tropospheric 
propagation conditions, as the Atlantic 
chart is always shown for a few moments 
and approaching high-pressure areas can 
be monitored. More detailed information 
can be obtained by taking out a sub
scription for weather charts from the 
Meteorological Office in Bracknell. 

During anticyclonic weather conditions, . 
the earth warms up in the daytime. 
·because of lack of clouds and for the same 
reason the heat built up escapes quickly in 
the evening. Tropospheric propagation is 
often greatly enhanced by a frequent result 
of this heating and cooling process called 
temperature inversion, where the tropo
sphere forms a waveguide for directing 
signals above around 70MHz. 

Reception under tropospheric-propaga
tion mode conditions tends to be best in a 
path parallel to the isobars (lines showing 
where atmospheric pressures between low 
and high-pressure areas are equal) on 
weather charts. As a high-pressure area 
moves away from you· reception will be 
best from transmitters in line with the ;; 
trailing edge of the area by means of tro
pospheric ducting. 

Yet another indication that Continental 
reception via · the troposphere may be en-: 
hanced is the presence of widespread fog. 
Conditions again tend to be best in the 
early morning and late evening, but fall off 
as the sun warms the lower troposphere. 

Under the conditions so far described, 
long-distance signals can sometimes be re
ceived for several days. Tropospheric 
propagation has the advantage that signals 
received by it are not subject to rapid fad
ing and that little phase-distortion takes_ 
place, so programmes can sometimes be of 
'entertainment quality'~ The disadvantage 
is that irregularities in terrairi tend to ob
struct the signal path: enthusiasts on the 
east coast of Britain have a better chance of 
receiving signals from Europe than th~se 
living on the west side. 

Bands III to V are most enhanced · by 
advantageous tropospheric conditions but 
even Band I can be affected. Programmes 
most received will come from France~ Bel-

(a) 

(a) Radiodiffusion-Television Beige's 
(Belgium's French-language service) 
PM5544 electronic test-pattern received in 
the UK by tropospheric propagation. 

(b) Ionized F21ayer conditions caused 
reception of this picture in the UK from the 
USSR's TSS service close to the Chinese 
border on channel R1 (49.75MHz vision). 
The image shown features distorsions 
typical of pictures received by F2 
propagation. · 
(c) The origin of the image shown above, 
the TSS "0249" test-card. 

(d) A PM5544 test pattern on channel E3 
(55.25MHz vision) received by F2 

·propagation. This picture is thought to 

giuin, East and West Germany, Luxem
bourg and the Netherlands but it should 
be noted that good tropospheric openings 
are relatively few and far between com
pared with the frequency of other forms nf 
propagation. 

Meteor shower 
Long-distance signals can be received 

. for short periods when meteor showers 
cause ionization of the atmosphere's E 
layer. These meteors, which may_ be very 
small indeed, move through theE layer at 
high velocities and friction causes ionized 
trails to be left behind. Meteor-shower (or 
meteor-scatter) propagation, often abbre
viated to ms, can occur at any time of the 
day or night. 

Although the occurrence of meteor 
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(b) 

have come from an Arab Emirate country 
some 4,500 miles away. 

(e) A Voice of Kenya (VOK) news caption 
received via trans-equatorial skip in 
September '80. 
(f) An official VOK station identification 

(g) Ghosting associated with sporadic E 
reception is shown in this photo of an 
image from Sveriges-Radio (SR-Sweden). 
Signals received during sporadic E can, 
however, be very clear and last for several' 
hours. 
(h) A further example of reception possible 
through sporadic E showing TVE (Televi
sion Espanola) · on channel E2 (48.25MHz 
vision). 

showers in any 24-hour period is random 
there are certain times of the year when 
meteor showers appear more frequently. 
Details of these annual periods can be 
found in certain astronomical handbooks. 
Table 2 gives a rough guide of the best 
times of the year to look for long-distance 
signals as far as meteor-shower propaga
tion is concerned. 

It is not possible to predict the direction 
from which signals enhanced during 
meteor showers might come from and, as 
the effects of a shower usually last for only 
a few seconds, identification of the 
transmitter is difficult. Band I signals are 
most likely to be improved under this 
mode of .propagation but sometimes in
tense ionization in the E layer can improve 
reception on Band III channels. 

Table 1: World television transmission standards . 
System No. of Channel Vision . Sound/vision Vision Sound Regions 

code lines bandwidth bandwidth spacing modulation modulation 
(MHz) (MHz) (MHz) 

A 405 5 3 -3.5 + a.m. UK, Eire (v.h.f., to be phased out within the decade) 
8 625 7 5 +5.5 f.m. Western Europe, Albania, parts of Africa, Middle East, 

Australasia (v.h.f.) 
c 625 7 5 +5.5 + a.m. luxembourg (v.h.f.) 
D 625 8 6 +6.5 f.m. Eastern Europe, Albania, USSR, China (v.h.f.) 
E 819 14 10 ±11.15 + a.m. . France (v.h.f., possibly changing to system l on v.h.f.), Monaco 

(v.h.f., 625-line scanning) 
G/H 625 8 5 +5.5 f .m. Western Europe (u.h.f., system G), Belgium, Cyprus, Greece, 

Israel, Malta, Yugoslavia (u.h.f., system H with 1.25MHz vestigal 
side-band), Monaco (u.h.f., system G) 

625 8 5.5 +6 f.m. UK (u.h.f.), Eire (v.h.f./u.h.f.), Rep. of S. Africa (v.h.f./u.h.f.), some 
Central African countries (v.h.f./u.h.f.), Hong Kong (u.h.f.) 

K 625 8 ·6 +6.5 f.m. Gabon (v.h.f.), Eastern Europe (u.h.f.), French Territories 
(system K) 

L 625 8 6 +6.5 + a.m. France, Luxembourg, Monaco (u.h.f.) 
M 525 6 4.2 +4.5 f.m. N. and S. America, Caribbean, parts of Pacific, Far East, US 

Forces (AFRTS), Japan 
N 625 6 4.2 +4.5 f.m. Argentina, Bolivia, Paraguay, Uraguay 
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(c) 

(f) 

Lightning flash 
During severe thunderstorms lightning 
causes the atmosphere to become highly 
charged, thus causing incident-signal re
flection. With this form of propagation, 
both v.h.f. and u.h.f. transmissions may 
be enhanced. For optimum results the 
lightning should occur mid-way between 
the transmitter and receiving site. ·condi
tions may initially be monitored by listen
ing to the radio, since lightning causes 
interference, especially in the long-wave 
band. 

Auroral reflection 
· From time to time, particularly around the 

equinoxes, there are periods of intense so
lar activity. Solar flares erupt and cause 
vertical r .f. reflecting sheets within the 
~earth's atmosphere due to magnetic dis
turbance and ionization of the D, E and F 
layers. Visual evidence of such dis
lturbances is the Aurora Borealis or 
"'Northern Lights" ("Southern Lights" in 
the southern hemisphere). In the northern 
hemisphere, the charged particles emitted 
by the solar flares spiral towards the earth 
and are concentrated at the auroral zone. 
Hence, television signals are received from 
a northerly direction irrespective of the 
location of the transmitter. It follows that 
aerials should be directed northwards. 

A rumbling or 'sleigh-bell' effect on 
sound and horizontal bars on vision are 
associated with signals propagated by au
roral reflections. It is possible to receive 
trans-Atlantic transmissions during excep
tionally high solar-flare activity. Signals 
:received tend to be of poor quality but _ 
nevertheless auroral reflection (ar) is an 
interesting form of propagation. Due to 
the rotation of the sun, there is a tendency 
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{d) (e) 

(h) 

Table 2: Approximate annual meteor-shower periods. Between the dates given 
here long-distance reception aided by meteor-shower ionization in the · 
atmosphere is most likely. 

Meteor shower Beginning 
name 
Quadrantids Jan.3 
lyrids Apr. 19 
Aqua rids May 1 
Perseids July 27 
Orionids Oct. 15 
Tau rids Oct. 26 
Leon ids Nov. 15 
Geminids Dec.9 

for recurrence of auroral reflection after 
approximately 27 days. Normally only 
Bands I and II are affected so far as video 
reception is concerned but Band III chan
nels may well suffer from severe noise
distortion of the type mentioned above. · 
Usually auroral reflection manifests itself 
during the mid-afternoon and recurs later 
in the evening. 

F2 propagation 
During intense solar activity, the F2 layer 
becomes ionized and reception from tv 
transmitters over 2000 miles away is pos
sible. The F layer divides into two belts in 
the daytime; the F2 layer forms the outer 
belt at about 200 miles above the earth's 
surface. During recent solar activity Aus
tralian television signals have been re
ceived several times in the UK. 

F2 layer reception occurs when solar 
activity is at a maximum in cyc1es of ap
proximately eleven years. An observation 
of the sun's surface will indicate whether 
F2 (and also auroral reflection) reception is 
likely as magnetic storms in the sun's pho
tosphere, visible as sun spots, are responsi-

End Chances of long- . 
distance receptiQn 

Jan.4 average 
Apr. 22 moderate 
May 13 good 
Aug.17 best 
Oct. 25 moderate 
Nov.16 average . 
Nov.17 unpredictable 
Dec. 13 good . 

ble for the ionization in our atmosphere 
that causes radio waves to be reflected. To 
avoid damage to the eyes look at the sun 
through a piece of smoked or filter glass, or 
project its image onto a piece of white 
.card: never use a telescope, or binoculari 

Theoretically, F2 reception is best when 
it is noon at a point mid-way between the 
transmitter and receiver. In our experience 
du~ing the present sun-spot-cycle peak, ·· 
signals from the Far East are noted soon 
after sunrise. Reception from Australian 
stations on channel 0 (vision frequency 
46.25MHz) has also been reported at 
around this time. Signals from central 
Russia will be received towards mid
morning. During December 1979, trans
Atlantic signals were received on many 
days from shortly after mid~day until late 
afternoon. African signals, thought to have 
originated from central countries and Zim
babwe, have also been received, mainly 
during the equinoxes and after mid-day. 
Reception from the south was noticeal::lly 
weaker than that from east and west. An 
interesting point which several enthusiasts 
have noted about F2 reception, especially 

~} 
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in the early morning, is that signals tend to 
increase from zero to maximum strength 
within the space of a few minutes. 

Trans-equatorial skip 
As sunset approaches, the F1 and F2 
layers break up and merge to form a single 
layer at an altitude of approximately 250 ' 
miles. As the F2 layer disintegrates 
another effect can occur known as trans
equatorial skip (normally abbreviated to 
te). Reception usually occurs within a limit 
of 40° north or south of the equator. Signal 
quality is similar to that experienced with 
F2 layer propagation, that is, distorted 
with multiple images. It is often difficult to 
decipher signals received. by these two 
modes but where there is a possibility of 
'double-hop' paths, reception of transmit
ters at vast distances can be achieved. Nor
mally, only Band I is affected. 

Sporadic E 
Every year between May and September 
(in the Northern Hemisphere), many part
time DX-tv enthusiasts come out of winter 
hibernation for the "sporadic E" season 
(sporadic E is abbreviated to sp.E). As 
many readers will know, short-wave radio 
communication is possible due to reflec
tion in the various layers, including the E 
layer. This particular layer lies approxi
mately 75 miles above the earth's surface 
and, although it is capable of reflecting 
short-wave signals, television signals nor
mally pass straight through it. However, 
during the summer months the E layer 
becomes highly ionized. If the electron 
density is sufficiently high, Bands I and II 
signals will be reflected. 

Patches of ionized gases within the E 
layer move about at great speeds, 
sometimes approaching 300 mile/h. Sev
eral transmissions can be received simul
taneously on the same channel, the 
stronger and more stable signal being ac
companied by one or more 'floaters'. But 
signal bandwidth can be severely restricted 
and sometimes strong video will be present 
without sound and chroma signals. We 
have noticed a tendency for the lower Band 
I channels to suffer more from this pecu
liarity than channels above around 
60MHz. 

As the name suggests, sp.E reception is 
very sporadic and can occur at any time of 
the year either day or night, although con
ditions are less favourable outside the main 
seasot:J.. Sp.E cannot be relied upon for 
entertainment-quality signals and the 
countries likely to be received cannot be 
predicted. Reception via sp.E in Band II 
tends to be more stable and resembles that 
enhanced by tropospheric propagation. 
Signals are normally received within 1 ,000 
miles of the transmitter although double
hop or even multi-hop sp.E is possible. At 

· times during the sp.E season, signals from 
Zimbabwe (ZTV) have been received, 
usually in the later afternoon. These were 
assumed to have been propagated by a 
combination of trans-equatorial skip and 
sporadic E as Italian television transmis
sions were normally present simul
taneously. 

Depending on the state of the E layer, 
reception can last from a few minutes to 
several hours. Extremely low-power trans
mitters can be received via sp.E and it is 
possible to receive virtually every national 
television service operating in Europe. 
Some Middle East countries can also be 
received within the UK, notably Jordon 
(JTV). A survey conducted by us (pub
lished in the EBU Technical Review, Oc
tober 1979) revealed that the USSR televi
sion service, TSS, was the most commonly 
received station for this location. Signals 
from the USSR could easily be received 
with good picture quality using nothing 
more than a length of standard wire for an 
aerial. So for sp.E signals, the minimum of 
extra equipment will suffice. For serious 
DX work, however, an external aerial mast1 
is recommended with facilities for rotating 
the aerial(s). · 
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Under very favourable sp.E conditions 
transmissions on Band III may also be 
received so when reception on Bands I and 
II is good, make a check on the lower
frequency channels of Band Ill. For new
comers to DX-tv who are mystified by 
references to Bands and channels, all will 
be revealed in the next article when we will 
be covering channel allocations. 
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A slightly more detailed version of Table 1 
-will be published in the 1982 WW diary with 
up-dates provided by the European Broad
casting Union. 

Another engineer 
persecuted in USSR 

Following our report on the detention of 
two electronics workers in the USSR 
(News, July issue) we have been told of a 
further case by Dr Yosef Ahs, a hospital 
anaesthetist who was born in the USSR 
but now lives in Israel. This is Boris Cher
nobilsky, aged 37, a Jewish radio and 
electronics engineer from Moscow. He 
used to work in a high-security institute, 
possibly on radar. Like Fridman and Brai
lovsky (July issue) he applied for a visa to 
emigrate to Israel but was refused on the 
grounds of "secrecy". That was in 1975. 
Since then Chernobilsky, his wife Elena 
(also a radio engineer) and their two 
daughters have been constantly harassed 
by the KGB. In October 1976 he went 
with a number of other Refuseniks to the 
offices of the Praesidium of the Supreme 
Soviet where they hoped to find out why 
they were being refused visas and for how 

long they would be refused. Instead of 
being received, the men were rounded up 
and taken to a site outside Moscow where 
they were beaten. Two of them, Dr Ahs 
and Chernobi1sky, were detained while the 
others were set free. They were held in 
prison for 22 days for "malicious hooliga
nism". Dr Ahs was allowed to leave for 
Israel in 1978. Chernobilsky has not been 
able to work in his profession, in spite of 
efforts to obtain employment in the gen- . 
eral field of radio, and so has been working 
as a plumber in order to support his 
family. The Chernobilskys' flat has been 
searched and they were threatened with 
arrest more than once. 

On lOth May 1981 a number of Jews set 
out to an area near Moscow called Opa
likha to have a picnic to celebrate Israel's 
Independence Day. Towards the end of 
the picnic, militiamen who had been 
standing nearby told the Jews to move. 
There was an acrimonious argument 
involving Chernobilsky. Everyone went 
home without incident, but several days 
later Chernobilsky received in the post a 
summons to report to the police station. As 
there was no mention of why he was being 
summoned, he did not report. In early 
June he disappeared for two days - he 
had been picked up by the police and held 
overnight. At the end of the first week in 
June he returned home after having signed 
an undertaking that he would not leave 
Moscow. 

A criminal file against Chernobilsky has 
been compiled under which he is alleged to 
have violated Article 191-1, "resisting the 
police". The indictment claims that he was 
asked to give his name and produce his 
internal passport in Opalikha but refused 
to do so. The file was due to be completed 

1 

by the end of June 1981 and then Cherno
bilsky was expected to be brought to trial. 

Boris Chernobilsky 
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Royal Wedding - a sound spectacular 
BBC sound broadcasting and recording at St. Paul's. 

by John Flewitt 8.Eng., MIEE, BBC Engineering Information Department 

An estimated 1000 million people 
were provided with sound from St. 
Paul's Cathedral during the Royal 
Wedding. BBC engineers had not only 
to arrange a variety of mono and 
stereo sound feeds for broadcasting 
on radio and television, but also to 
cope with both stereo and surround
sound for BBC recordings. This article 
explains how it was done. 

Engineers from BBC Radio Outside 
Broadcasts rigged 57 microphones to bri~g 
the sound of the wedding service to the 
worldwide audience, including listeners to 
ILR and viewers of lTV. The sound was 
fed to the BBC sound control room in St. 
Paul's ·Crypt, where a 64-channel mixer 
produced a 'clean' feed of stereo sound 
(i.e. sound without the commentaries) and 

' a second 'mixed feed' mixer added the 
commentaries to produce feed for BBC 
Radio 4. BBC Television carried out their 
.own sound mixing and other broadcasting 
organizations either took direct micro
phone feeds or outputs from one of the 
mixers. 

The needs for producing various sound 
recordings had also to be considered: BBC 
Enterprises needed a clean feed of sound 
for their commercial disc and cassette re-

. leased soon after the wedding and two 
digital recordings were made, one ofclean 
feed sound and the ' other including the 
BBC Radio commentary. And, as a com
pletely separate exercise, a surround
sound recording was made. 

All in all, the whole operation had the 
largest number of stereo o. b. routeings for 
any BBC broadcast: in addition to the ele
ven radio commentary positions along the 

·processional route, roving radio links on 
the day provided interviews with the pub
lic and sounds of street celebrations to 
create a wide spectrum of sound for BBC 
Radio. 

Microphone installation 
Detailed engineering planning began as 
soon as the wedding was announced. 
Much of the microphone placing in the 
cathedral was based on past experience 
but, on this occasion, the use of the Bach 
Choir and the large orchestra positioned in 
the north transept was something more 
ambitious than anything done previously. 

Planning the sound in the cathedral was 
the responsibility of the BBC's Senior 
Sound Supervisor, Harold Kutscherauer. 

He arranged coverage around twe~ty ste
reo capacitor microphones (mostly coinCi
dent pairs), eleven of which were mounted 
on slings and others suspended on 
strengthened cables from the 70 ft high _ 
trifotium gallery of the cathedral. The 

. main internal 'sound stages' to be covered 
were the dais and the altar for the marriage 
ceremony itself, the Cathedral Choir and 
Kneller Hall trumpeters in the chancel, 
the State Trumpeters in the Whispering 
Gallery and by the west door, the orchestra 
and Bach Choir in the north transept, the 
organ speaking in the north-east quarter
dome and above the west door, and the 
cathedral bells. An external stereo pair was 
suspended from the west portico to catch 
the west door trumpeters immediately be
low, sounding their fanfare on the arrival 

A - Portico microphone; coincident pair 
before insertion into windshield. B -
Coincident pair mounted in chancel for 
cathedral choir. C- Interior of BBC's 

• digital recording van: the mixer and 
monitoring equipment is on the left and 
beyond are the two video recorders 
adapted to record digital sound by the 
16-bit p.c.m. unit underneath. D- Main 
and spare stereo mics for the ochestra are 
left and top right suspended in north 
transept; below on right is a sound field 
microphone. E- One of the microphone 
positions in the cathedral: at the top a 
sound field mic and below a stereo pair. 
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of Lady Diana. The remaining comple
ment consisted of spot microphones for 
soloists and sections of the orchestra and 
choir, and lectern positions for the ceremo
nial. 

When it comes to siting microphones in 
St. Paul's, the problems are more physical 
than acoustical. The cathedral's good
natured acoustics and the use of 'close-mic' 
techniques ensure that sound levels rarely 
rise high enough to excite any troublesome 
echoes. The three requirements borne in 
mind when siting for this particular event 
were: 
e primarily, to provide complete cove
rage, bearing in mind the sound radio pre
sentation. Radio listeners, lacking any 
visual component, easily become confused 
when any of the action inadvertently 
wanders beyond microphone coverage; 
e to make the microphones unobtrusive to 
a television audience without sacrificing 
sound quality. An example of this was the 
siting of the Cathedral Choir microphones 
on either side of the chancel instead of 
choosing the classical midway positions 

· (the black finish of some of the micro
phones helped make them less conspicu-
ous); . 
e to provide tighter control of balance by 
the use of spot microphones. This gave the 
television sound mixers the useful option 
of favouring the sounds of small groups of 
orchestral performers, for instance, when 
they were being shown in close-up by the 
cameras. 

Virtually all microphones were capacitor 
types, used in cardioid configuration, and 
most routed signals down to the crypt 
control room on 20-pair cables. Certain 
key microphones were individually cabled 
as an extra precaution against a multipair 
failure. · 

Controt and mixing 
In the control room, each microphone's 
signal was fed firstly to a splitter, one out
put of which was taken to the clean-feed 
64-channel mixer, a second to a 'ceremo
nial' bay* and, in the . case of speech 
microphones, a further feed was taken to 
the cathedral's public address system. The 

- outputs of the 'ceremonial' bays provided 
both direct microphone signals, for BBC 
Television and Thames Television, for 
example, and a mixed feed to BBC Broad
casting House for the radio network and 
other purposes. 

For large ceremonies, it is normal 
practice in BBC Radio for two mixers to be 
installed where possible. The mixers are 
used in adjacent but acoustically isolated 
rooms, as they were on this occasion in the 
crypt. This isolation enabled the mixer at 
the 'clean feed' desk to concentrate more 
fully on balancing the ceremonial. The 
'clean feed' desk output was then fed to the 
'mixed feed' position where the operator 
mixed the commentators' microphones 
using cues from talk back. 

* 'Ceremonial' bay is BBC parlance for a type of 
microphone distribution amplifier used chiefly on cere
monial occasions - hence its name. Each bay will 
handle nine microphone inputs and each input has two 
buffered outputs. 

Recording the wedding 
This sonically grand occasion also gave the 
impetus to make two extra forms of sound 
recording, over and above the standard 
analogue ones. 

In the first instance, two experimental 
digital recordings were made, one of clean-: 
feed sound carried out in the BBC's digital 
recording van parked in the Cathedral 
Churchyard, the other of mixed-feed 
sound, undertaken at Broadcasting House. 

The digital van was equipped with twin 
video recorders with a 16-bit pulse-code
modulation unit pius the normal sound 
monitoring and mixing facilities. Previous 
problems with tape drop-outs, more 
noticeable in digital recording, are now 
largely overcome by ensuring a dust-free 
recording area and using only highest
quality, pen-tested recording tape. 

Finally, the surround-sound recording 
project was undertaken by BBC engineers 
as a technical experiment to aid B.ri-tish 
industry. Four sound-field microphones of 
an improved design were specially loaned 
for the event, three being used intt!rnally 
in the cathedral to cover the chancel, north 
transept and the nave towards the west 
door. The fourth was mounted near the 
cathedral steps in the north-west Lantern. 

· The four component outputs from each 
microphone were separately assigned to 
individual tracks of a 24-track recorder 
without any form of surround-sound cod
ing. Special noise-reduction devices were 
ruled out by interference from nearby thy
ristor lighting dimmers and, instead, a 
higher tape speed of 30 i. p. s. was used to 
improve signal/noise ratio. A pn~blem then 
arose with sound linking on tape change
overs, since at this high speed each reel of 
tape ran for only 30 minutes. This was 
overcome by arranging changeovers to 
occur during pauses in the wedding service 
or, at least, on non-musical/ items, and 
further arranging for a standby two-chan
nel recorder to make a linking recording in 
HJ-coded stereo. These steJ:eo recordings 
would then suffice in amy subsequent 
System HJ matrixing to bridge the gaps in 
the IJ,lultichannel surround-sound 
recording. 

Setting the sound-field microphones was 
relatively simple: each unit's four encapsu
lated microphones, combined with a 
microphone processor, gave the system a 
unique versatility enabling an extremely 

"Mixed-feed" 
mixer in BBC 
control room in 
cathedral crypt. 
"Clean-feed" input 
was faded on the 
operator's left; 
commentator's 
left; 
commentator's 
microphones were 
controlled on · 
mixer's right. 

John Flewitt .joined the BBC in 1967 
after obtaining a deg·ree in electronics 
at Sheffield University. He worked 
initially in television studio mainten
ance before joining Studio Capital Pro
jects Department. He is now a public
ity engineer in Engineering 
Information Department with special 
responsibility for technical photo
graphy. 
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wide range of operating modes to be 
electronically selected in a subsequent re
mixing session. In the cathedral, each 
sound-field microphone's physical ,height 
was set by listening to the output of a unit 
in omnidirectional mode and fixing the 
height when the most satisfactory balance 
was heard. A height in the range 30-50 ft 
proved about right. 

Royal success 
It was a complex exercise and, with 1000 . 
million people listening for the marriage 
vows, had to be reliable. How did it 
perform? 

Well, very successfully - it could 
hardly have been otherwise; but, bearing 
in mind that much of the ceremony could 
not be properly rehearsed, the quiet sighs 
of relief from the engineers at the 
successful conclusion can be well un
derstood. 

The introduction of television and its 
accompanying lighting into a large, com
pletely 'wired-for-sound' cathedral cer
tainly presented numerous hum problems; 
for instance. But after the below-par cable 
screening was tracked down and some 
cable re-routeing undertaken, the seven 
miles of microphone cable and the 10-mile 
long lighting network co-existed 
successfully, each in its own way making a 
vital contribution to Britain's and the 
world's biggest outside broadcast. 
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Digital storage and ana·lysis 
of speech 
3___,Spectral analysis 

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

Digital recordings of speech provide a · 
jumping-off point for further 
processing which can alleviate the 
difficulty of synthesizing natural 
sounds by concatenating individually
spoken words. Perhaps the most 
significant contextual effect which 
must be taken into account when 
forming connected speech out of 
isolated words is pitch. The 
intonation of an utterance, which is a 
continually changing pitch, is holistic, 
in that the utterance contains more 
information than the sum of its 
components determined by the 
individual words alone. Happily, and 
quite coincidentally, communications 
engineers in their quest for reduced
bandwidth telephony have invented 
methods of coding speech that 
separate the pitch information from 
that carried by the articulation. 

Most speech analysis views speech 
according .to the source-filter model* 
which rums to separate the effects of the 
sound source - the vocal cords - from 
those of the vocal tract filter. The fre
quency spectrum of the vocal tract filter is 
of great interest, and the technique of 
discrete Fourier transformation will be 
discussed. For many purposes it is better 
to extract the formant frequencies from the 
spectrum and use these alone (or in con
junction with their bandwidths) to charac
terize it. As far as the signal source in the 
source-filter model is concerned, its most 
interesting features are pitch and ampli
tude - the latter being easy to estimate. 
Hence we go on to look at pitch extraction. 
Related to this is the problem of deciding 
whether a segment of speech has voiced or 
unvoiced excitation, or both. 

Thechannelvocoder 
A direct representation of the frequency 
spectrum of a signal can be obtained by a 
bank of bandpass filters. This is the basis 
of the channel vocoder, which was the first 
device that attempted to take advantage of 
the source-filter model for speech coding 
(the word "vocoder" is a contraction of 
voice coder). The energy in each filter 
band is estimated by rectification and 
smoothing, and the resulting approxima
tion to the frequency spectrum is 
transmitted or stored. The source proper-

*See the Chatterbox article, cited earlier. 

· ties are represented by the type of excita
tion (voiced or unvoiced), and if voiced, 
the pitch. It is not necessary to include the 
overall amplitude of the speech explicitly, 
because this is conveyed by the energy 
levels from the separate bandpass filters. 

Figure J 1 shows the encoding part of a 
channel vocoder which has been used 
successfully for many years. We will 
discuss the block labelled "pre-emphasis" 
shortly. The shape of the spectrum is esti
mated by 19 bandpass filters, whose spac
ing and bandwidth decrease slightly with 
decreasing frequency to obtain the rather 
greater resolution that is needed in the 
lower frequency region, as shown in Table 
3. The 3 dB points of adjacent filters are 
halfway between their centre frequencies, 
so that there is some overlap between 

Fig. 11. Block diagram of the encoding ~ide 
of a channel recoder, which determmes 
and encodes the energy in each of nineteen 

channels. 
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Tabie 3: Filter specifications for 
a vocoder analyser 
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1 
2 
3 
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5 
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8 
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13 
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17 
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(Hz) 

240 
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bands. The filter characteristics do not 
need to have very sharp edges, because the 
energy in neighbouring bands is fairly 
highly correlated. Indeed, there is a disad
vantage in making them too sharp, because 
the phase delays associated with sharp 
cutoff filters induce "smearing" of the 
spectrum in the time domain. This parti
cular channel vocoder uses second-order 
Butterworth bandpass filters. 

For regenerating speech stored in this 
way, an excitation of unit impulses at the 
specified pitch period (for voiced sounds) 
or white noise (for unvoiced sounds) is · 
produced and passed through a bank of 
bandpass filters similar to the analysis 
ones. The . excitation has a flat spectrum, 
for regular impulses have harmonics at 
multiples of the repetition frequency 
which are all of the same size, and so the 
spectrum of the output signal is completely 
determined by the filter bank. The gain o{ 
each filter is controlled by the stored mag
nitude of the spectrum at that frequency. 

The frequency spectrum and voicing 
pitch of speech change at much slower 
rates than the time waveform. The changes 
are due to movements of the articulatory 
organs (tongue, lips, etc.) in the speaker, 
and so are limited in their speed by physi
cal constraints. A typical rate of produc
tion of phonemes is IS per second, but in 
fact the spectrum can change quite a lot 
within a single phoneme (especially a stop 
sound). Between 10 and 25 msec (100Hz 
and 40 Hz) is generally thought to be a 
satisfactory interval for transmitting or 
storing the spectrum, to preserve a 
reasonably faithful representation of the 
speech. Of course, the entire spectrum, as 
well as the source characteristics, must be 
stored at this rate. One channel vocoder 
uses 48 bits to encode the information. 
Repeated every 20 msec, this gives a data 
rate of 2400 bits/s - very considerably less 
than any of the time-domain encoding 
techniques. 

It needs some care to encode the output 
of 19 filters, the excitation type, and the 
pitch into 48 bits of information. Six bits 
are needed fm: pitch, logarithmically en
coded, and one bit for excitation type. 
This leaves 41 bits to encode the output of 
the 19 filters, and a differential technique 
can be used which transmits just the dif
ference between adjacent channels - for 
the spectrum does not change abruptly in 
the frequency domain. Three bits are 
enough for the absolute level in channel 1, 
and two bits for each channel-to-channel 
difference, giving a total of 39 bits for the 
whole spectrum. The remaining two bits 
per frame can be reserved for signalling or 
monitoring purposes. 

A 2400 bit/s channel vocoder degrades 
the speech in a telephone channel quite 
perceptibly. It is sufficif!nt for interactive 
communication, where if you do not un
derstand something you can always ask for 
it to be repeated. It is probably not good 
enoug.Q for most voice response applica
tions. However, the vocoder principle can 
be used with larger filter banks and much 
higher bit rates, and still reduce the data 

rate substantially below that required by 
log. p.c.m. 

Pre-emphasis 
It has often been noticed that there is an 
overall -6 dB/octave trend in speech 
radiated from the lips, as frequency in
creases. For vocoders, and indeed for 
other methods of spectral analysis of 
speech, it is usually desirable to equalize 
this by a +6dB/octave lift prior to pro
cessing, so that the channel outputs oc
cupy a similar range of levels. On regene
ration, the output speech is passed through 
an inverse filter which provides 6 dB/oc
tave of attenuation. 

For a digital system, such pre-emphasis 
can either be implemented as a.n analogue 
circuit which precedes the presampling 
filter and digitizer, or as a digital operation 
on the sampled and quantized signal. In 
the former case, the characteristic is 
usually flat up to a certain breakpoint, 
which occurs somewhere between 100Hz 
and 1 kHz - the exact position does not 
seem to be critical - at which point the 
+6 dB/octave lift begins. Although de-em
phasis on output ought to have an exactly 
inverse characteristic, it is sometimes modi
fied or even eliminated altogether in an 
attempt approximately ' to counteract the 
sin(nf/fs)/(nf/fs) distortion introduced by 
the desampling operation, which was 
discussed in an earlier section. Above half 
the sampling frequency, the characteristic 
of the pre-emphasis is irrelevant because 
any effect will be suppressed by the 
presampling filter. 

The effect of a 6 dB/octave lift can also 
be achieved digitally, by differencing the 
input. The operation 

y(n)=x(n)-ax(n-l) 
is suitable, where the constant parameter a 
is usually chosen between 0.9 and 1. The 
latter value gives straightforward dif
ferencing, and this amounts to creating a 
d.p.c.m. signal as input to the spectral 
analysis. Figure 12 plots the frequency 

_20 
co 
"'D 

;10 
::( 

Analogue : 6 dB I octave lift above 100 

~0~----~r-----1------4------~ 

2 
FREQUENCY (kHz) 

Fig. 12. Frequency response of digital pre
emphasis block shown in Fig. 7 7. Analogue 
and digital responses shown. 

response of this operation, with a sample 
frequency of 8kHz, for two values of the 
parameter, together with that of a 6 dB/oc
tave lift above 100 Hz. The vertical posi
tions of the plots have been adjusted to 

give the same gain, 20 dB, at 1 kHz. The 
difference at 3 .4 kHz, the upper end of the 
telephone spectrum, is just over 2 dB. At 
frequencies below the breakpoint, in this 
case 100 Hz, the difference between anal
ogue and digital pre-emphasis can be very 
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great. For a = 0.9 the attenuation at zero 
frequency is 18 dB below that at 1 kHz, 
which happens to be close to that of the 
analogue filter for frequencies below the 
breakpoint. However, if the break point 
had been at 1kHz there would have been 
20dB difference between the analogue and 
a=0.9 plots at z.f. And of course, the a= 1 
characteristic has infinite attentuation at 
z.f. In practice, however, the exact form of 
the pre-emphasis does not seem to be at all 
critical. 

The above remarks apply to voiced 
speech. For unvoiced speech there appears 
to be no real need for pre-emphasis; in
deed, it may do harm by reinfordng the 
already large high-frequency components. 
There is a case for altering the parameter a 
according to the excitation mode of the 
speech: a= 1 for voiced excitation and a=O 
for unvoiced gives pre-emphasis just when 
it is needed. This can be achieved by ex
pressing the parameter in terms of the 
autocorrelation of the incoming signal, as 

. R(l) 
a=--

R(O)' . 

·where R(l) is the correlation of the signal 
with itself delayed by one sample, and 
R(O) is the correlation without delay (that 
is, the signal variance). This is .reasonable 
intuitively because high sample-to-sample 
correlation is to be expected in · voiced 
speech, so that R(l) is very nearly as great 
as R(O) and the ratio becomes 1; whereas 
little or no sample-to-sample correlation 
will be present in unvoiced speech, making 

·the ratio close to 0. Such a scheme is remi-
niscent of a.d.p.c.m. with adaptive predic
tion. 

However, this sophisticated pre-em
phasis method does not seem to be 
worthwhile in practice. Usually the 
breakpoint in an analogue pre-emphasis 
filter is chosen to be rather greater than 
100Hz to limit the amplification of frica
tive energy. In fact, one channel vocoder 
has the breakpoint at 1kHz, limiting the 
gain ·to _12dB at 4kHz, two octaves above. 

Digital signal analysis 
You may be wondering how the frequency 
response for the digital pre-emphasis 
filters, displayed in Fig. 12, can be calcu
lated. Suppose a digitized sinusoid is ap
plied as input to the filer. 

y(n)=x(n)-ax(n-l). 

A sine :vave of frequency f has equation 
x(t)=sin2rrft, and when sampled at t=O, T, 
2T, ... (where Tis the sampling interval, 
12Sms for an 8kHz sample rate), this be
comes x(n)=sin2rrfnt. It is much more con
venient to consider a complex exponential 
input, eibfnT - the response to a sinusoid 
can then be derived by taking imaginary 
parts, if necessary. The output for this 
input is 

y(n)=ei2-:r.fnT -aei2:Y(n- I lT 

= ( 1-aeibfl)eib/ilT, 

~ sinusoid at the same freq~~ncy as the 
mput. The factor 1-ae- Jbfl IS complex, 
with both amplitude and phase compo
nents. Thus the output will be a phase-
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shifted and amplified version of the input. 
The amplitude response at frequency f is 
therefore 

11-ae-iZrrfTI =[1 +a2- 2acos2nf11 112 , 

or 

10log10( 1 +a2- 2acos2njT)dB. 

Normalizing to 20dB at 1kHz, and assum
ing 8kHz sampling, yields 

- nf 20+ 10logw(l +a2- 2acos 
4000

) 

J[ . 

-10log10(1 +a2- 2a-2acos4 ). 

With a=0.9 and 1 this gives the graphs of 
Fig. 12. 

Frec,uency responses for analogue filters 
are often plotted with a logarithmic fre
quency scale, as well as a logarithmic am
plitude one, to bring out the asymptotes in 
dB/octave as straight lines. For digital filt
ers, the response is usually drawn on a 
linear frequency axis extending to half the 
sampling frequency. The response is 
symmetric about this point. 

Analyses like the above are usually ex
pressed in terms of the z-transform. De
note the unit delay operation by z- 1• The 
choice of the inverse rather than z itself is 
of course an arbitrary matter, but the 
convention has stuck. Then the filter can 
be characterized by Fig., 13, which signi-

a 

Fig. 13. Digital pre-emphasis filter. Block 
labelled Z 1 is delay operator. 

fies that the output is the input minus a 
delayed and scaled version of itself. The 
transfer function of the filter is 

H(z)= 1-az- 1, 

and we have seen that the effect of the 
system on a (complex) exponential of fre
quency f is to multiply it by 

1-ae-ibfr. 

To get the frequency response from the 
transfer function, replace z- 1 by e-JZ:rfT. 

Amplitude and phase responses can then 
be found by taking the modulus and angle 
of the complex frequency response. 

If z- 1 is treated as an operator, it is quite 
in order to summanze the action of the 
filter by 

y( n)= x( n)-az- 1 X( n) = ( f-az- ~ )x( n). 

However, it is usual to derive from the 
sequence x(m) a transform X(z) upon which 
z- 1 acts as a multiplier. If the transform of 
x(n) is defined as 

X 
X(z)= 2: x(n)z-n, 

n=-x 

then on multiplicabon by z1 we get a new 
transform, say V(z): 

V(z)=z- 1 X(z)= z- 1 ~ x(n)z-n 
n=-oo 

V(z) can also be expressed as the transform 
of a new sequence, say v(n), by 

00 

V(z)= L v(n)z-n, 
71=- 00 

fromwhich it becomes apparent that 

v(n)=x(n-1). 

Thus v(n) is a delayed version of x(n), and, 
we have accomplished what we set out to 
do, namely to show that the delay operator 
z- 1 can be treated as an ordinary multiplier 

. in the z-transform domain, where z
transforms are defined as the infinite sums 
given above. 

In terms of z-transforms, the filter can, 
be written 

Y(z)=(l-az- 1)X(z), 

where z- 1 is now treated as a multiplier. 
·The transfer function of the filter is 

_ Y(z) _ _
1 H(z)- X(z) -1-az , 

the ratio of the output to the input 
transform. 

It may seem that little has been gained 
by inventing this rather abstract notion of 
transform, simply to change an operator to 
a multiplier. After all, the equation of the 
filter is no simpler in the transform domain 
than it was in the time domain using z- 1 as 
an operator. However, we will need to go 
on to examine more complex filters. Con
sider, for example, the transfer function 

H(z)-1 +az- 1 +bz-2
• 

1 +cz-1+dz-2 

If z - 1 is treated as an operator, it is not 
immediately obvious how this transfer 
function can be realized by a time-domain 
recurrence relation, However, with z- 1 as 
an ordinary multiplier in the transform 
domain, we can make purely mechanical 
manipulations with infinite sums to see 
what the tranfer function means as a recur
rence relation. 

It is worth noting the similarity between 
the z-transform in the discrete domain and 
the Fourier and Laplace transforms in the 
continuous domains. In fact, the z
transform plays an analogous role in digital 
signal processing to the Laplace transform 
in continuous theory, for the delay 
operator z- 1 perform'S a similar service to 
the differentiation operator s. Recall first 
the continuous Fourier transform, 

X 

G(f)= f g(t)e - i2:rfcdt, · 
-X 

where f is real, and the Laplace transform, 
X 

F(s)= J f(t)e-s 1dt, 
0 

where s is complex. The main difference 
between these two transforms is that the 
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range of integration begins at - oo for the 
Fourier transform and at 0 for the Laplace. 
Advocates of the Fourier transform, which 
typicmlly include people involved with tele
communications, enjoy the freedom from 
initial conditions which is bestowed by an 
origin way back in the mists of time. Advo
cates of Laplace, including most analogue 
filter theorists, invariably consider systems 
where all is quiet before t=O - altering the 
origin of measurement of time to achieve 
this if necessary - and welcome the op
portunity to include initial conditions ex
plicity without having to worry about 
what happens in the mists of time. Al
though there is a two-sided Laplace 
transform where the integration begins at 
- x, it is not generally used because it 
causes some convergence complications. 
Ignoring this difference between the 
transforms (by considering signals which 
are zero when t<O, the Fourier spectrum 
can be found from the Laplace transform 
by writing s=j2nf; that is, by considering 
values of s which lie on the imaginary axis. 

The z-transform is 

00 

H(z)= L h(n)z-n, 
n=-oo 

depending on whether a one-sided or two
sided transform is used. The advantages 
and disadvantages of one- and two-sided 
transforms are the same as in the analogue 
case. Z plays the role of esT, and so it is not 
surprising that the response to a (sampled) 
sinusoid input can be found by setting 

z=ei2rr.fT 

in H(z), as we proved explicitly above for 
the pre-emphasis filter. 

The above relation between z and f 
means that real-valued frequencies corre
spond to points where lzl=l, that is, the 
unit circle in the complex z-plane. As you 
travel anticlockwise around this unit cir
cle, starting from the point z= 1, the corre
sponding frequency increases from 0, to 
112T half-way round (z= -1), to liT when 
you get back to the beginning (z= 1) again. 
Frequencies greater than the sampling fre
quency are aliased back into the sampling 
band, corresponding to further circuits of 
lzl = 1 with frequency going from liT to 
2/T, 2/T to 3/T, and so on. In fact, this is 
the circle of Fig. 3 which was used earlier 
to explain how sampling affects the fre
quency spectrum! 

To be continued 

Corrections Frequency 
synthesizer for c. b. 
Figure 1 of the above article in the September 
issue contained the following errors for which 
we apologize: the anode of the variable-capaci
tance diode connected to the frequency up/
down rail should have been connected to 

' ground, the unmarked capacitor of the v.c.o. 
circuit is lnF and the l!J.F capacitor at the bot
tom of the diagram should be 1 O!J.F . . 
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A Leader instrument for 
every need. 
The full range of Leader Test Equipment, the first choice of engineers around the 
world, is now available in the U.K. 
Leader products, with a long history of high reliability, backed by a 1-year 
warranty, are engineered and built to the most rigid standards, and incorporate 
the latest technology. A complete technical and service facility is provided in the 
U.K. by Sinclair Electronics Ltd. 

RADIO/CB/TV TEST 

LOP 076 LOGIC PROBE 
Fast servicing and analysis of digital circuits 
*lmput Impedance >10M n 
*Frequency Range DC to 50MHz 
*Minimum Pulse Width 10nsec 

CRT Testers · Pattern Generators • Signal 
Generators · Antenna Impedance Meters · 
RF Power Meters · C.B. Signal Generators • 
Stereo Signal Generators · Dip Meters · 
SWR/Wattmeters 

LSG16 SIGNAL GENERATOR 
A compact R.F. generator ideally suited to checking 
alignment of AM/FM and T.V. receivers. 
*Frettuency Range 100lHz - 100 MHZ 
*Frequency Accuracy -1.5% 
*Crystal Oscillator 1-15 M Hz 
*Modulation Internal 1kHz for A .M. . 
*Output Voltage 0.1Vrms or higher to 100 MHz 

Audio Generators · Frequency Response Recorders 
Audio Systems Analyzers • Wow ft Flutter Meters 
Speaker Analyzers · Audio Testers · Distortion 
Meters · Attenuators 

LFR5600A FREQUENCY 
RESPONSE RECORDER 
Designed to graphically record ~ow and flutter, drift, 
voltage, temperature and frequency response of 
Audio equipment. 
*Frequency Range 20Hz-30KHz 
*Variable chart speed 
*Voltage range 0.1V, 1V, 10V 
*Sweep Oscillator *Pilot Signal *Cartridge pen 
*Metered, Swept frequency input/ output voltage 

WW- 025 FOR FURTHER DETAILS 

OSCILLOSCOPES 
4-SOM.Hz Oscilliscopes with mora performance and reliability 

. for lass cost. The Leader range of oscilliscopas Includes 14 
models, single and dual trace, for bench or field usa. All 
models offer comprehensive triggering controls, TTL 
compatible Z-AXIS modulation and convenient colour-keyed 
front panel layout. Probes are included with each model. 

a m 
*5" Dual trace 
*DC-20 MHz bandwidth (•~ert amp) 
*10 mV Sensitivitv 

LB0508A 
OSCILLOSCOPE 
With 20MHz 
bandwidth and 10 mV 
input sensitivity on a 5" 
screen this universal 
oscilloscope is suitable for 
a wide range of 
applications 

*Sweep mode: chop- ALT,. CH1, CH2, X-Y 
*Synchronisation: Auto, Norm, TV, Int., Ext., +, -
*Timebase Sweep Speeds: 0.5 IJS/cm- 200 ms/cm 
*X5 Magnification (max speed 100ns/cm) 

LBO 310A 4 MHz 20 mV Single Trace 
LBO 301 8 MHz 10 mV Single Trace 

3" 
3" 
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LBO 308S 20 MHz 2 mV Dual Trace 
LBO .510A 4 MHz 20 mV Single Trace 

3.5" Mains/Battery 
5" 

LBO 512A 10 MHz 10 mV Single Trace 
LBO 513 10 MHz 5 mV/1 rnV Single Trace 
LBO 514 10 MHz 5 mV /1 mV Dual Trace 
LBO 552A 10 MHz 20 mV Dual Trace 
LBO 506A 15 MHz 10 mV Dual Trace 
LBO 507A 20 MHz 10 mV Single Trace 

NEW LBO 5158 30 MHz 5 mV Dual Trace 
LBO 520A 35 MHz 5 mV Dual Trace 

NEW LBO 517 50 MHz 5 mV/1 mY Quad Trace 

5" 
5" 
5" 
5" Stereo Scope 
5" 
5" 

4.5" Sweep Delay 
5.5" 

6" Sweep Delay 

For full technical details together with price list please contact: 

LEADER 
SINCLAIR ELECTRONICS LTD 
london Road. St . lves, Huntingdon, Cambs. PE17 4HJ. 
Telephone: St. lves (0480) 64646. Telex: 32250 

Sinclair Electronics Ltd . reserve the right to alter prices and 
specifications on Leader equipment without prior notice. 
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PORTABLE MAINS DISTRIBUTION 
NOW WITH EARTH LEAKAGE OLSON 

• 3W'x 19"RackMounting 

Type 13A/4SW/R 
£23.65 + pp£1.25 +VAT 

~ Portable unit with 
earth leakage 

Type PEL 3 

£59+ £2pp 
+VAT • 

• Bench unit with 
earth leakage 

Type BEL5SW 
£55+ pp£2 +VAT 

~ 7" X 19" rack mounting 
with earth leakage 

Type REL 7 
£69 + pp £2 + VAT 

Wall unit with earth leakage 

Type WEL2 £48 
+ pp £2 +VAT 

.... 
Internal Power for racks 8 types 

from 3-10 sockets. All fitted with 
illuminated switch 

Type T13A/1 0 
50mm x ·890mm 

£34.25 
+ £2pp&VAT 

• 4 feet LG. 30 amp total load Instant Trunking System for Wall or Bench Mounting 
TR6 - 6 sockets switched £29.70 or TR9 - 9 sockets switched £35.20 + PP £2.25 + VAT 

10 sockets switched in sloping box .... .. 
Type 13A/1 OSW £3r5. 30 

+ PP £2.25 +VAT -- --- --------- - ---·--

Type 
13A/4 not switched 
13A/6 not switched 
13A/4SW switched 
13A/6SW switched 

Price PP 
£17.00 £1.25 
£20.60 £1.25 
£20.35 £1.25 
£23.65 £1.25 

ALL PRJCES PLUS VAT 
These four types in sloping or flat 

boxes 

eAII units are in metal boxes com
plete with 6ft cable and 13 amp 
fused plug, ready for use; Only MK 
sockets and plugs are used. Trade 
counter open 9-5 Mon.-Fri. 

. FACTORY NO.8, 5-7 LONG STREET OLSO Electronics Ltd. LONDON E2 SHJ Tel: 01-739 2343 

WW-071 FOR FURTHER DETAILS 

WIRELESS WORLD OCTOBER 1981 79 

A.m. receivers without 
. interference 

A method of interference cancellation for double sideband signals 

Two systems which work with d.s.b. 
amplitude modulated carriers are 
described. As the signals are those -
propagated in long, medium and 
short wave bands throughout the 
world, there is a universal application .. 
The systems make use of the fact that 
a.m. signals have symmetrical 
sidebands spreading out each side of 
the carrier frequency so that a 
modulated carrier has a constant 
phase, that of the carrier. Interference 
is not symmetrical even when it 
spreads through the same 
frequencies and this asymmetry can 
be used against it. 

Double sideband a.m. transmission has 
especially desirable characteristics. In the 
IRE Proceedings for December 1956, John 
P. Costas wrote an article "Synchronous 
communications - the optimum a.m. 
system" which explains that double 
sideband, supressed carrier a.m. signals, 
similar to broadcast signals but with the 
carrier removed, are easier to generate 
than single sideband and· permit 
straightforward synchronous reception 
with superior performance in the presence 
of jamming and other interference. What 
was not mentioned was the additional 
possibility of cancelling out some of the 
received interference when synchronous 
reception is employed. One article which 
did cover this was an excellent paper in 
Wireless World by P. L. Taylor (July 1977) 
showing how one overlapping signal can be 
completely separated from another. 
Another fascinating paper on co-channel 
interference was given by J. S. Lothian at 
the International Broadcasting Convention, 
September 1974. 

Our approach to the interference 
problem does not look for particular types 
of interfering sig~l and home in on them, 
as in P. L. Taylor:s system, but to apply a 
general correction to a received band and 
accept whatever improvement one piece of 
circuitry will give. The systems d;escribed 
here completely eliminate interfering 
signals that are restricted to either side of 
the carrier. For the more difficult case of a 
fully modulated signal with carrier, at a 
slightly different carrier frequency from 
the wanted signal, the improvement in 
signal-to-noise ratio drops to about 10dB. 
As interference becomes progressively 
complex and finally degenerates to noise, 
the improvement drops to zero. This 

by Lewis Illingworth, B. Eng. 

performance could be improved but at the 
. expense of some intermodulation between 
signal and interference. 

While such performance is less than 
ideal, it must be remembered that the 
figures show improvement over the 
generally accepted theoretical limit for 
reception and represent considerable 
improvement over the performance of ~m 
equivalent s.s.b. receiver. This is achieved 
by conventional circuits and although the 
quantity of circuitry is not trivial, it is 
straightforward and works automatically. 

Synchronous reception 
An unexpected and welcome benefit from 
the addition of these systems is apparent 
when used with a synchronous receiver. 
Such sets, for example the General Electric 
AN/FRR-48 (XW-1) while operating well 
on fixed frequencies within the range of 
carrier phase lock are not at all nice to use 
when searching for signals. Off frequency 
unsuppressed carriers are demodulated as 
ear splitting whistles. For experiments on 
signals from a receiver, rather than 
instruments, a synchronous adapter was 
tied into the 455kHz i.f. of a conventional 
receiver, leading to adequate and painful 
listening experience. The new circuits 
however see such off-tune carriers as 
interference and eliminate them 
accordingly. A synchronous receiver now 
becomes quite nice to use with off-tune 
stations sounding like single sideband 
"wasp in the matchbox" accompanied by 
low background whistle with the mess 
disappearing as the carrier is tuned within 
frequency limits. 

Development 
My work on interference began some four 
years ago with a system that measured 
interference amplitude at carrier zero 
crossings. An initial guess at interference 
phase was taken to be that of the incoming 
signal, containing both signal and 
interference components, and the 
interference amplitude was estimated 
using that assumption. Signal amplitude 
was then deduced and subtracted-from the 
incoming signal-interference composite to 

· provide a better guess . at incoming 
interference phase. Such a recursive 
system has to operate within tight, almost 
impossible envelope delay restrictions. 
Practica,l tests suggested however that such· 
a system could be developed for general 
use and so a patent application (Canadian) 

was made. Further development showed 
fair operation with simpler forms of 
interference and the system would even· 
reduce noise levels at very low signal-to
noise rations. However it was abominably 
unstable and the nonlinear recursive 
operation nigh on impossible to analyze. 
Response to it in official circles was 
negative - (See my letter to Wireless 
World, 15 September, 1977). 

The simple system described here ·is an 
outcome of a search for a nonrecursive 
solution. While it is intended as a basis for 
forays into the realm of reducing levels of 
complex interference and even noise it 
stands in its own right as an extremely 
useful tool in cleaning up radio reception. 

Theory 
A double sideband modulated carrier with 
carrier frequency fc and modulation 
frequency fm can be written down as: 

mcosbtifc-f m) + ccos2nfc + mcos2nifc + f m) 

where m and care amplitudes. This is for a 
simple sinusoidal modulation and ignores 
modulation phase, but suffices for this 
basic analysis. 

Demodulating the signal by multiplying 
by the carrier frequency cos2nfc gives us: 

mcos2nfccos2nifc-f m) +ccos22nfc + 
• mcos2nfccos2nfcifc+ fm) 

m . 
=:z[cos2nfm+cos2rt(2fc-fm)J + 

c :z-0 +cos4nfc)+ 

m 2[ cos2nf m + cos2nifc + f m)] 

= mcos2nf m +I[ cos2n(2fc-f m) + 

cos2n(2fc+ fm)J 

and when filtered leaves a lower side
band at modulation frequencies: 
(c/2+mcos2nfm). The carrier product c/2 is 
constant and removed by a.c. coupling to 
leave the modulation mcos2nfm· 

Demodulating the signal by multiplying 
with the carrier frequency ~hifted through 
90°, sin2rt/0 gives us: 

msin2rr.fccos2Jr.ifc-f m) + csin2nf,;eos2nfc + 
msin2nfccos2nfccos2nifc + f m) 

=I[sin2rtfm+sin2n(2fc -fm)]+ 

{sin4n:fc+:f£- sin21tfm +sinrr(2fc+ fm)J 

www.americanradiohistory.com

www.americanradiohistory.com


80 

When this is filtered the sin2rtfm terms 
cancel to leave absolutely nothing. 

The addition of interference leads to low 
frequency products when demodulated by 
both sin and cos2rtfc· Let us add two 
interfering tones; Ucos2nifc+fu) above the 
carrier and Lcos2nifc-fi) below the 
carrier. Demodulating with cos2nfc 
produces: 

U cos2nfccos2nifc + fu) + 
Lcos2nfccos2nifc + fi) 

which has low frequency products: 

U L 
2cos2nfu +'"fos2nfi 

Demodulating with sin Znfc produces: 

U sin2.n:fccos2nifc + fu) + 
Lsin2nfccos2nifc-fi) 

which has low frequency products: 

U L ' 
2sin2nfu - 2cos2nfi 

It is convenient to shift the phase of 
these by 90° to give the signals: 

U L 
2cos2nfu - 2cos2rtfi 

To summarize this part, demodulation 
of the modulated carrier and interfering 
signals by the carrier, in its natural phase, 
produce the sum of all modulating and 
interfering signals; demodulation by a 
carrier in quadrature phase produces the 
difference between the interfering signals 
above and below the carrier, each shifted 
in phase by 90°. 

Take the case of a single interfering 
tone, say Ucos2nifc+fu), demodulated by 
a quadrature carrier to U/2sin2nfu and 
shifted 9oo · to U/2cos2rtfu· This can be . 
easily doubled and subtracted froin the in 
phase demodulated output to leave only 
'signal components. Unfortunately this can 
only be done if you know that the 
interference is sitting above the carrier. If 
it were below' then the subtraction of 
- Lcos2nfi will double the interference 
level in the output! 

The key to the new system is to 
determine the polarity of the interference 
in the signal demodulated by the 'phase' 
carrier. To do this audio from the 'phase' 
demodulator is again modulated using the 
frequency of the 'quadrature' demodulated 
audio, shifted through 90°. 

4 SSkHi 
.f. signal 

Frequency 
100kHz 

~ ~ i. f. filter 
changer 

& amplifier 

Oscillator 
control 
voltage 

555kHz 
~ 

Frequency 
osdllator discriminator 

""-

For audio derived from a signal with 
interference in the upper sideband: 
mcos2nfm+ Ucos2nfu, modulation by 
cos2nfu produces: 

mU/2cos2nifm+fu)-cos2n(jm-fu)+ 
U(l +cos4rtfu) 

This signal is a mess, and most of 
it is generally unusable. However by 
filtering at frequencies below the audio 
range the d.c. value U is left in the clear, 
the lower intermodulation product 
mU/2cos2nifm-fu) may pass the filter but 
being smaller does affect the polarity of the 
filter output. . 

This d.c. value U can be used in two 
ways: 
1. By providing the polarity of the interfer
ence it is simple to devise a circuit to either 
add or subtrllct the quadrature demodu
lated interference from the phase demodu
lated signal-with-interference composite. 
2. In real life interference, many frequen-. 
cies are present and there is no guarantee 
that the amplitude of the quadrature de
modulated interference reflects the re
quired 'phase' demodulated inte~ference 
amplitude. The envelope of the mterfer
ence at maximum, when interference is in . 
quadrature with the carrier, may well be a 
minimum when it is in phase. Here the 
d.c. value filtered from the second mod
ulation can provide a more accurate ampli
tude reference. It is re-modulated by the 
quadrature derived interfere~ce frequenc.y 
to form an interference esumate and 1s 
then subtracted from the phase demodu
lated signal-interference composite. 

While it is easy to see how the system 
works in rejecting a single interfering tone, 
the many frequencies present in real in
terference lead to complex analyses that 
are out of place here. Difficulties arise in 
estimating the phase of multi tone interfer
ence, for example what is the instanta
neous phase of a mixture of frequencies 
ranging between 300 and 3,000Hz? This 
difficulty is overcome by artificially raising 
signal and interference frequencies before 
processing so that they appear to be.sinu
soidal and the phase demodulated stgnal
with-interference component can be read-. 
ily modulated by a signal having the in
stantaneous frequency and phase of the 
quadrature interference component. Not 
only does this make modul~tion possible, 
it has the added advantage of removing 
many modulation and intermodulation 
products to a high frequency where they 

\ 
Demodulator Low pass 

filter 
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can be eliminated by a low pass fllter. The· 
phase of even a complex difference signal 
remains a good estimate for the phase of 
the interference appearing in the 'phase' 
demodulation and permits excellent opera
tion with complex signals. Following in
terference cancellation, the correct fre
quency range has, of course, to be 
restored. 

Systems employing both approaches are 
described. The performance of each can be 
modified by changing the bandwidth of 
the low pass filter in the interference am
plitude/polarity circuit. As the frequency 
response here is increased, the system fol
lows increasingly rapid changes in interfer
ence amplitude and frequency, accompa
nied by increasing intermodulation 
between signal and interference. The limit 
occurs when the low pass filter bandwidth 
equals that of the signal modulation. At 
this point interfering white noise is atte
nuated by some 6dB, but there is an asso
ciated loss in signal level of about 3dB due 
to the rapidly changing interference phase 
continually passing through the carrier and 
collecting bits of signal as it goes. 

Circuit description 
The amount of circuitry involved is quite 
extensive, so rather than getting involved 
in endless details, this description is 
limited to the functions of the various parts 
and only a couple of circuits are shown for 
clarification. There are two parts to the 
system: a synchronous receiver adapter 
that puts received radio signals into a suit
able form for processing, and the interfer
ence cancelling system itself. 

Synchronous receiver 
adapter · 
This system, shown in Figure 1, operates 
from a 455kHz signal taken from a conven
tional receiver i.f. amplifier. It is mod
ulated by 555kHz for a 100kHz second i.f. 
frequency chosen -to be high enough so 
that signals are well clear of the audio 
range and yet not too high for c-m.o.s 
switches to operate effectively as modula
tors and inexpensive operational amplifiers 
such as the LM218 operate without signifi
cant · delay. The carrier is extracted by a 
200Hz bandwidth bandpass filter, and fre
quency lock achieved by a frequency 
discriminator which generates a control 
voltage for the 555kHz heterodyne oscilla
tor. 

'Sum' output 
signal & interference ~ ~ 

90°phase 

shift network 

Demodulator ~ 
Low pass r---+ ~ 

'Difference' output 
upper - lower 
sideband interference 

filter 

100kHz ~ase J carrier 
filter 

Quadrature 

J 
Fig.1. Synchronous re ceiver 
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~ } To frequency discriminator 
100kHz sinewave 

100kHz i.f. 
100kHz signal 100Hz 

Demodulator ~ low pass Modulator bandpass 
fitter filter 

100Hz 
Demodulator ~ low pass Modulator ~ 

fitter 

Phase t 100kHz 
reference carriers- 1 Quadrature 

400kHz 400kHz 
Divide by 4 reference voltage 

controlled oscillator 
oscillator 

At first sight this system must appear 
· cumbersome in an age of phase locked 

loops. The reason for it is quite simple: 
phase locked loops do not operate well 
un.der high interference conditions; the 
loop frequency response must be high 
enough to permit a lock to be regained 
after a disturbance, a necessary response 
that allows interference to get into the loop 
and so leads to phase jumps in the oscilla
tor output. Narrowing down the response 
to prevent this happening also prevents 
phase locking.' In the early synchronous 
receivers phase jitter would not cause 

, much of a problem because a 10° phase 
error would only reduce the detected am
plitude to cos 10°, 0.985, a drop of only 
1.5%. With these interference cancelling 
systems, however, the quadrature value of 
the signal under the same conditions, sin 
10°, 0.174 is considerable, 17.4%, and is 
seen by the circuitry as interference. A 
stable narrow band filter minimizes these 
phase perturbations in the detected car
rier. 

Two carrier phases are required, one in 
phase with the incoming signal and the 
other in quadrature. Each is used to demo
dulate the 100kHz i.f. signal to produce 
audio. The 'in phase' demodulation con
tains the sum of modulation and interfer
ing signals, the 'quadrature' demodulation 
has the difference between interfering fre
quencies lying above and below the car
rier. A final step adjusts the relative phases 
of these two outputs by 90° so that signal 
and interfering components are either in 
phase or 180° out of phase. It is convenient 
to refer to the phase corrected phase and 
quadrature demodulated outputs as 'sum' 

Phase 

low frequency / 
signals from 
carrier titter \ 

Quad. 

Add 

Differentiator 

Fig.2. Carrier filter for synchronous 
receiver · 

and 'difference' signals because they are 
similar to equivalent signals derived from 
other radio and non-radio sources. 

Figure 6 shows a typical circuit of a 90° 
phase shift network. Two RC networks 
both attenuate and phase shift the 'sum' 
and 'difference' audio signals in such a way 
that attenuation is uniform over the fre
quency range · but there is a constant 90° 
phase difference produced in signals tra
versing them. 

Figure 2 shows the carrier filter in de
tail. This has phase and quadrature demo
dulators and modulators together with los 
pass active filters to produce extremely 
stable amplitude and phase characteristics. 
It is the same type of filter that is used with 
remarkable success in navigation equip
ment and is not difficult to make. 

The 100kHz i.f. signal is demodulated 
using 100kHz phase and quadrature refer
ence carriers to produce audio low fre
quency outputs. Figure 7 shows a typical 

· divider to generate these carriers from a 
400kHz stable source. A matched pair of 
1OOHz cut off low pass active filters elimi-

. nate modulation, interference and other 
higher frequencies. These signals are re
modulated, again in phase and quadrature, 
back to 1OOkHz and added together. A 
simple 100kHz conventional filter removes 
higher modulation products to leave a 
clean reconstructed carrier. The result is 
an overall 200Hz bandwidth with stability 
equal to that of the reference oscillator. 
One point to watch is the complete cancel
lation of carrier leaks in the modulators, 

Add 

Rectifier 
(positive l 

Rectifier 
I positive) 

L Zero 100kHz s 
crossing r-----

quarewave 

detector 

Phase 
........ 

comparator ........ 

f---+- Divide by 4 
Phase } 100kHz 
· carrifr 

Quadrature output 

these will tend to produce jitter in the 
carrier output. 

A 400kHz voltage . controlled oscillator 
drives a divide by 4 circuit to generate 
100kHz phase and quadrature carrier out
puts. A conventional phase locked loop 
ties these carriers to the squared up 
100kHz filter output. Such a phase lock 
loop in this position causes no problem 

. because interference has been eliminated 
from the system. 

Figure 3 shows the frequency discrimi
nator used to derive the frequency control 
voltage for the 555kHz heterodyne oscilla
tor. This is driven by low frequency sig
nals from within the carrier filter. The· 
'quadrature' demodulated low pass filter 
output is differentiated to generate a signal 
that increases with amplitude as the fre
quency difference increases between the 
100kHz received carrier and 100kHz refer
ence. It is in phase with the 'phase' signal 
when the carrier frequency is higher than 
the reference and is 180° out of phase when 
the carrier frequency is lower. The dif
ferentiated quadrature signal is added to 
the phase signal and results in a low fre
quency a.c. voltage whose amplitude in
creases when the carrier is above the refer
ence and decreases when it is below. A 
complimentary a.c. signal is produced by 
inverting the differentiated 'quadrature' 
low pass output before adding to the phase 
signal. Here the amplitude decreases when 
the carrier is above the reference and in
creases when below. Both signals are recti
fied and applied to a differential amplifier 
to generate a d. c. oscillator control voltage. 

The frequency lock is to within a couple 
of hertz under most operating conditions, 

Fig.3. Frequency .discriminator for 
synchronous receiver 

Oscillator 
control 
'/Oltage 
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and by virtue of control by the reference 
oscillator is not subject to drift. It is impor
tant that the carrier frequency be main
tained close to the reference in order to 
minimize off tune phase errors introduced 
by the carrier filters. 

Interference cancelling 
system 
The first step in interference cancellation 
is to raise the frequency up out of the audio 
range so that everything appears sinusoi
dal. In the first arrangement, Figure 4, the 
'sum' and 'difference' audio outputs from 
the synchronous receiver are applied to 90° 
phase shift networks, and modulated by 
phase and quadrature 1OOkHz carriers to 
form upper sidebands of 100kHz. This is a 
conventional phase-shift method single 
sideband generation. Each signal is then 
filtered to remove higher order compo
nents. The 'difference' signal is squared up 
by a zero crossing detector and the output 
used as a carrier to demodulate the 'sum'. 
A low pass filter passes only the d.c. com
ponent of the demodulation. From this the 
interference polarity is extracted by a zero 
crossing detector, converted into a logic 
level and used to control switches to select 
either the direct or the inverted 'dif
ference' signal. This puts the interference 
into the correct polarity where it is 
subtracted from the 'sum' to produce an 
improved signal-to-noise ratio. The signal 
is still at 100kHz, so a final step is demo
dulation using the 'phase' 100kHz carrier 
to generate an audio output . 

The second system, shown in Figure 5, 
starts off in a similar manner. Signals are 
shifted to 100kHz, the 'difference' signal is 
squared up and used to demodulate the· 
'sum', and the output low pass filtered. In 
this system the low pass filter output is 
taken to represent both the amplitude and 
polarity of the interference. It is remodu
lated by the same squared up 'difference' 
signal to generate reconstituted interfer
ence for subtraction from the 'sum' signal
with-interference composite to be followed 
by demodulation down to audio. 

Comments 
Many system improvements suggest them
selves and the most straightforward are 
currently being developed and assessed. 
There is unfortunately a practical limit 
beyond which processing errors in these 

Audio input 
(phase) 

Audio input 
(Quad) 

~ 

Audio 
outputs 
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Fig.6. 90" phase shift network 
400kHz 
pulses A 

CL 

Ot-...,--tK 

Phase 

B J-K flip flops 

A 

0 
1 
1 
0 
0 
1 

B 
0 
0 
1 
1 
0 
0 

100kHz carriers 

Fig. 7. Phase and quadrature carrier generation 

analogue systems outweigh advantages 
gained by increased complexity. We can . 
look forward though to steadily improved 
signal-to-noise ratios as time and innova
tion permit. 

This article does not pretend to describe 
an optimum or ultimate method for in~ 
terference cancellation. The intent is to 
show that the performance we now accept 
from our radios is not as good as it could be 
and that significant improvements can be 
made by straightforward circuitry. The 
approach has value both in the improve
ment of radio reception and also as a basis 
for further experimentation, particularly 

into the nature of interference and band 
limited noise. 

The circuits are particularly adaptable to 
attenuation of interference when some
thing is known about the nature of the 
interference, for example, military jam
ming or c. w. interference on frequency 
shift radio telegraphy. 

There is an equivalent system under 
development for f.m. receivers . This takes 
the constant f.m. signal amplitude as refer
ence, as opposed to the a.m. signal's con
stant phase. While showing promise, the 
technique is not yet sufficiently developed 
to warrant publication. 

New UK group supports semiconductor manufacture 
One of the first commercial ventures of the 
new British Technology Group formed by 
the merger of NRDC and NEB (News, 
September issue) is in an advanced field of 
semiconductor manufacture. This is a joint 
venture with the UK company Plasma
Therm Ltd, a subsidiary of Plasma-Therm 
Inc of Kresson, New Jersey, USA, who 
supply plasma process equipment (see be
low). The two partners will share the total 
cost of £170,000 of a two-year programme 
to develop new process control equipment 
for sale to European manufacturers . of 
semiconductor devices. The equipment 
will be based on radio-frequency plasma 

chemistry techniques, which offer advan
tages over traditional wet chemical 
methods used in the fabrication of 
semiconductor products. 

A microprocessor-based monitoring 
system will be developed to give manufac
turers more precise control in dry etching 
procedures based on radio-frequency plas
mas by using optical emission spectros
copy. Also, a new power unit will be de
veloped to complement Plasma-Therm's 
present range of radio frequency genera-

. tors and so offer the ability to improve the 
· adhesive qualities of plasma deposited 
passivation layers which protect the i.cs. 

The agreement includes an arrangement 
for the NRDC part of BTG to recover its 
investment by a sales lev~ on relevant pro
ducts. 

Radio-frequency plasma chemistry tech
niques are being used more and more in 
making semiconductor devices, in place of 
wet chemical methods. One technical ad
vantage is the ability to create the finer 
circuit patterns needed for producing a 
larger number of circuit elements per unit 
area. Certain gases, when ionized, form a 
reactive plasma which interacts with solid 
surfaces to selectively remove unwanted 
material without residual contamination. 
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Micro-system fault 
finder · 
A fault finding routine for r.o.m., 
r.a.m., bus, clock and . . power 
supply of a microprocessor-based 
system can usually be carried out in 
under five minutes using the 9010A 
Micro-System Troubleshooter, re
gardless of _system complexity, 
claim Fluke. Test programs need 
not. be written since the 9010A has a 
'learn' mode in which it examines 
and defines all the digital locations 
and functions of a working system 
and stores the information .in its · 
memocy .' When a similar but sus
pect system is connected to . the 
tester the information from the 
working system is compared with 
that· from the suspect equipment 
and any faults indicated on a 32- · 
character alphanumeric display. 
The tester's programs, whether 
'learnt' or presented manually, can 
be loaqed onto cassette for future 

WW302 

use. Operators need not have a 
knowledge of programming lan
guage, and to use the tester, a plug 
from an eight or sixteen-bit proces
sor module is inserted into the 
microprocessor socket of the 
system to be tested. If the system 
malfunction does not appear when 
the tester is connected the fault is 
narrowed down to the processor 
removed. The tester module con
tains a microprocessor which .. re
places the one removed from the 
board. Using other algorithms, the 
tester can be used to check peri
pherals such as chara.cter genera
tors, keyboards, readouts, print
heads .and relays. Modules can be 
obtained for testing 8080, 8085, 
Z80, 6502, 6800 or 9900 based 
systems. A further seven modules 
should become available within the 
ne~ ten months. Fluke Interna
tional Corporation, Colonial Way, 
Watford, Herts WD2 4TT. 
WW301 
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Storage oscilloscope 
The main unit of Nicolet's latest 
digital-storage oscilloscope is t~e 
4094 with 16K-wordx 16-btt 

· memory capacity. Two dual-chan
nel input-amplifier modules, the 
4851 with 15-bit a-to-d conversion 
and 100kHz sampling rate and the 
4562 with 12-bit conversion and 
2MHz sampling, can be added to 
the main unit in any combination 
for either two or four-channel 
operation as the main unit's 
memory can be shared. Permanent 
waveform storage is possible using 
a single floppy-disc drive, the F-43, 
with a dual-channel oscilloscope or 
the XF-44 dual disc-drive with · 
four-channel versions. Cursor posi
tioning, display expansion (up to 
x256), r .m .s. calculation and 
waveform addition, subtraction and 
inversion are standard on the 4094 
and further programs for waveform 
multiplication, integration, etc, are 
available on disc. Both plug-in in
put amplifiers have pre- and post
trigger delay controls and where 
two amplifiers are used they can be 
operated independently thus form
ing two dual-channel oscilloscopes 
with a common display. An RS232 
and IEEE488 i/o interface and digi
tal plotter are available for use with 
the oscilloscope. The manufactur
ers have also introduced a small 
4000-line FFT spectrum analyzer, 
the 100A, for 0 to 20kHz. Nicolet 
Instruments Ltd, Budbrooke 
Road, WarwickCV34 5XH. 
WW302 

Softy2 
Following the success of Softy, a 
low-cost micro tool for e.p.r.o.m. 
programming, copying and r.o.m. 
emulation, the designer has re
centlv introduced an enhanced ver
sion ·called Softy 2. ,This unit is 
similar to the original version which 

displays the contents of 512 contig
uous addresses in hex form on a 
television screen via an internal 
modulator. Improvements include 
an expanded monitor and keypad 
(28-key, two-level) to provide extra 
functions such as serial (RS232) 
and parallel (Centronics) routines 
for connection to other computer 
systems or printers. Code ca~ also 
be stored on cassette tape usmg a 
new system called Transwift which 
is claimed to be tolerant of speed 
and level changes. The buffer 
r.a.m. has also been increased to 
2K and the unit will now program 
or copy the 2716, 2732, 2532 family 
of single-rail e.p.r.o.ms. To make 
r.o.m. emulation easier, the 
address and data lines have been 
buffered and the unit is supplied 
with a ribbon cable and 24-pin 
plug. Softy is only availabl~ built 
and tested in a black plast1c case 
and is supplied with a separate 
power supply for around £169 + 
v.a.t. Dataman Designs, Lombard 
House, 24 Cornwall Rd, Dorches
ter, Dorset DT 1 1 RS. 
WW303 

Low-noise f. e. t. 
preamplifier . . 
At 1MHz, the noise charactenstlc 
of the AHOO 13 linear wide band 
preamplifier is quot~d ~s 
800pV/YHz. An f.e.t. mput 1s 
used in this hybrid device giving a 
typical input impedance of lOO~n 
and maximum bias-current reqmre
ment of 50pA. Sonar, audio, infra
red detection and communication 
equipment applications are. su~
gested for the device. Pac~agmg ts 
8-pin d.i.l. and the operatmg tem
perature range is from -65oC to 
+ J25°C. DI-AN Data Systems 
Ltd, Mersey House, Battersea Rd, . 
Heaton Mersey, Stockport, Che- ~ 
shire SK4 3EA. 
WW304 
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IEEE-programmable 
resistance box 
Resistances from In to IMn in In 
steps can be programmed through 
an IEEE-488 link from a 
microcomputer on the 98II resis
tance/potential-divider box from 
Time Electronics. Manual resis
tance selection is also possible by 
means of thumbwheel switches on 
the front panel and in both modes 
the value is displayed on a six-digit 
l.c.d. Separate outputs for each 
other decade are provided so the 
unit can be used as a programmable 
potential divider. The resistance 
outputs are electrically isolated 
from the digital input. Maximum 
power dissipation, voltage and cur
rent rating of any resistance value 
are lW, lOOV and IA respectively. 
Resistance-value error and tem
perature coefficient figures are 
±0.1% (for values above lOOn) and 
50 p.p.m./0C. Both rack-mounting 
and free-standing versions can be 
supplied and operation through 
RS232 or parallel b.c.d. is possible 
using an IEEE converter. Time 
Electronics Ltd, Botany Industrial 
Estate, Tonbridge, Kent. 
WW305 

High-voltage meter 
Measurement of voltages up to 
150kV with less than ±5% error is 

, claimed for this high-voltage meter. 
The Field Mill Voltmeter FM150, 
available through Hunting Hivolt, 
takes its reading from the field 
created by a voltage as opposed to 
measuring the potential difference 
directly, and is said to give negligi
ble currerit drain. One switch is 
used to select 5kV, 25kV and 
I50kV ranges and battery check 
and on/off functions. The coupling 
cable between the measuring 
transducer and the control box can 
be any length (within reason, we 
suppose) without affecting the in
strument's capabilities. Rechargea
ble batteries and charger are 
supplied as standard. Hunting Hi
volt Ltd, Riverbank Works, Old 
Shoreham Rd, Shoreham by Sea, 
Sussex BN4 5FL. 
WW306 

Hard-disc for micros 
The Seagate 5 1/4in Micro-Winches
ter disc-drive and intelligent 
controller have been added to the 
range of computer peripherals 
stocked by Euro Electronics Ltd. 
Fitting into the same space as a 
'mini-floppy', the ST-506 hard-disc 
drive with two double-sided discs 
and four heads uses the same power 
supply as a 5 lf4in floppy-disc but 
offers 5Mbytes of storage, 170ms 
access time (access time can be re
duced by a half using software), 
data transfer at 5M-bit/s and a pro
jected mean-time-between-failure 
of 8,000h. The hard-disc and a 
5 1/4in floppy-disc can be used to
gether, the former providing large 
memory capacity and the latter 
system back-up and input/output. 

WW305 

One or two drives can be controlled 
by one DTC-510 intelligent 
controller. There are standard 

· adaptors available for microcom
puters such as the Apple II, TRS-
80, Motorola's Exorciser, the Dec 
LSI-11 mini and many others with 
S-100 or Intel Multibus systems. A 
second controller, the DTC-520, 
can control up to four drives in any 
combination of Micro-Winch esters 
and 51/4in floppy-disc drives. The 
ST-506 drive is available at a one
off price of £763, the DTC-510 is 
£595 and a typical interface, that 
for the Apple, costs £195 . A range 
of software drivers is also available. 
Euro Electronics Ltd, Twyman 
House, 31 Camden Rd, London 
NWIIYE. 
WW307 

Soldering irons 
Power-control electronics and asso
ciated setting dial of Permax solder
ing irons are contained within the 
handle. An aluminium/ceramic 
base on which the heating element 
is printed is said to give good heat 
conductivity combined with high 

· electrical insulation; 171/zW ver
sions have an average leakage cur
rent of 0. 78~-tA (19pF) and 26W 
versions l.l~tA (22pF). To aid heat 
transfer, the flat heating element 
fits directly into a slit in the iron's 
alloy coated tip. Both versions can 
be obtained for 220V or 240V 
mains operation at around £20 and 
a wide range of easily interchange
able tips are manufactured for these 
irons. Special Products Distribu
tors Ltd, 81 Piccadilly, London 
WlVOHL. . . 
WW308 

Current regulator 
diodes 
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Two-lead constant-current sources 
in eight values from 0.24mA to 
4.3mA are available through 
Semiconductor Specialists. The Si
liconix CRR range diodes can be 
operated at temperatures from - ssoc to + 150°C and have a tem
perature coefficient rating of 
0.15%rC. For each type, the maxi
mum operating voltage is lOOV; 
limiting voltages for the 0.24mA 
and 4.3mA types are O.SV and 
i.45V respectively. These regula
tors are housed in T0-18 packages. 
Semiconductor Specialists (UK) 
Ltd, Carroll House, 159 High St, 
Yiewsley, West Drayton, Middx 
UB77XB. 
WW309 

Small lever-locking 
switches 
Accidental switching of the M 
range miniature switches is 
prevented by inclusion of a lever
locking systein. The lever ends are 
interchangeable to facilitate colour 
coding. Ratings of these switches 
are: 6A at 125V a.c. and 3A at 250V 
a.c. (resistive), SOOV insulation 

·_ breakdown and 1 Gn insulation re-

sistance. Versions are available with 
1, 2, 3 or 4 poles, either gold or 

.• silver-plated contacts, and. with 
sealed casings. NSF Ltd, Switches 
and Controls, Keighley, Yorkshire 
BD215EF. 
WW310 

Small transformers 
Two ranges of small p.c.b.-mount
ing encapsulated transformers have 
been introduced to . the market by 
Clairtronic'. Transformers in the 
'flat' range have power ratings from 
3 to 25VA in standard. voltage rat
ings of 6, 12, IS or 20V secondary, 
240V primary. Four mounting 
screw holes are provided on each 
unit. The smallest version measures 
44x53x 17mm and the largest 
69X58x35mm. In each case the 
third dimension, the height, is ex
cluding Smm long pins. A series of 
'top-cap' types are also available in 
the same range of secondary 
voltages but with split primaries 
(2X 120V) and power ratings from 
0.8 to 25VA. Screw mounting holes 
are provided for versions above 
8VA. Dimensions of the 0.8VA 
version are 27x27x20mm and of 
the 25VA type, 80X54x47mm. 
Prices range from around £1.20 for 
the smallest 'top-cap' type to 
around £4.50 for the largest 'flat' 
type. Clairtronic Ltd, 6 Wayside 
Gardens, Gerrards Cross, Bucks. 
WW311 
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Basic holidays 
For as long as I can remember, I've been 
very much in favour of lots of healthy 
exercise. I can sit around and watch people 
playing games, digging gardens an~ jog-

. ging round the park all day long without 
feeling any the worse for it, and I'm sure it 
has all helped to shape my easy-going and 
tolerant outlook on life. 

Those summer camps for kids in 
America have, likewise, long been a focus 
of admiration for me: a stroke of absolute 
genius, I've often thought. We British 
have developed hypocrisy to a pretty ex
ceptional level, but whoever thought of 
those camps has nothing to learn from us. 
No sooner do the 2.4 brats come belting 
home from school for the summer holidays 
than they are given a hose down, provided 
with enough of everything to avoid the 
need for further communication in the for
seeable future and packed off to the hinter
land to be coped with by others, while Ma 
and Pa take off for the sun. And it's all 
done in such a way that even the kids 
themselves, and probably the parents too, 
sometimes, think it's a Good Thing. The 
Outdoor Life, and all that. That's what I 
thought, anyway. ' 

But it's all gone wrong. No longer do 
emergent Americans go on long walks; 
swim, climb grizzly bears and fish for 
waffles. What they do now is compute! In 
short pants and deadly seriousness, they 
are hooked on computing. 

I haven't been· able to find out any more 
details except that, at the camp I've heard 
of, the kids are turned loose on the compu
ters at the crack of dawn and, apart from a 
few seconds to swallow a pecan pie washed 
down with a glass of clam chowder (I really 
must try to discover what all these things 
are) stick with it till sack-time, as I believe 
it is called. According to the man who runs 
the operation, it is quite difficult, short of 
resorting to the garrotte, to stop the little 
peopk computing away like crazy when it 
is time for the Sandman to come and put 
sleep in their eyes. What they compute, I 
have no idea. Perhaps it's the answer to 
imaginary questions such as "Why aren't I 
in Florida with Mom and Pop?". 

Oasis 
I've always been a bit envious of anyone 
who can eat snails, or mussels, or oysters, 
or sheep's eyes or any of those things with 
evident relish and without any apparent 
coercion. There must be a lot I'm missing 
by being so pernickety, b~t eve.n just 
writing about eating oysters IS makm~ me 
feel all peculiar. It isn't just the dishes 
themselves, either, that make me curl up 

- you only have to me~tion sheep:s eyes 
when there is a hard-bmled egg with the 
salad to put me right off. Association, you 
see, that's what it is. . , 

I hope this flaw in my make-up Isn t 
characteristic of the majority of c. b. enthu
siasts, because the fraternity now has its 
own restaurant: its name - The Eyeball 
Bistro. It's in Princes Street, near Oxford 
Circus. Of course, it doesn't mean they're 
going to serve eyeballs (it doesn't, does it?) 
but the damage is done, so far as I am 
concerned. Why couldn't they call it 'The 
Breaker Bistro' or 'Eighty-eights' and 
accept the risk of being overwhelmed by 
demolition workers or bingo players? 

Further grounds for misgivings aris~ 

from ·the declared intention to print the 
menu in c. b. jargon. Now, at that point, I 
do really think one has to demur. With 
something as serious as food and drink, 
there must be no room for misunderstand- · 
ing, and this idea is a most dangerous 
precedent. I realise that menus are 
sometimes written in French for reasons of 
snobbery, but I've learned to get along 
with that, and it doesn't change every 
other fortnight. "Superslab with i.cs, in 
tears" is no way to talk about steak and 
chips in onion gravy and I do mos.~ ear
nestly suggest that, on compassionate 
grounds, the idea is dropped. 

Postillions beware! 
!Translation by computer of foreign lan

guages has always been good for a laugh. 
There was a story that a lucrative civil 
engineering contract was once turned 
down because the contract, translated by 
computer from the Russian, insisted that a 
flock of water-sheep would be needed. 

· Since the company didn't have anywhere 
to keep the animals, and couldn't find out 
what they were anyway, it decided to for
get the whole thing and work for the 
Arabs, instead. So a German company, 
whose sales manager knew how to translate 
the Russian for 'hydraulic ram', got the 
job. _ 

But we're over all that sort of thing now. 
At l~ast, I hope we are, because the EEC is 
wanting to use a new system, Eurotra, 
which they hope will be able to cope with 
the 72language pairs in use in the commu
nity when Portugal and Spain get their 
tickets - that's each of nine languages 
translated into all the other eight. 

So it had better be a good system, and it 
ought really to be able to handle the odd 
bit of idiom, slang and dialect. The 
thought of a British MEP, infuriated by 

-yet another bland explanation of why but
ter mountains and wine lakes are not bad 
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economics, rising to his feet and bellowing 
"What a load of old cobblers!" is a sombre 
one. Unless Eurotra can deal effectively 
with vituperative outbursts of this kind, 
there are problems ahead. One can 
imagine the blind panic which would be 
the natural result of the foregoing innocent 
remark: proceedings would be halted 
while the premises were searched for the 
elderly shoemakers and the whole fabric of 
civilized Community life would be im
perilled. 

Maybe Esperanto would be a better 
idea. 

Man-powered flight 
Pilots have a lot to cope with. It isn't all 
just a matter of sitting there, looking at the 
pretty clouds and sending the air hostess 

.for cups of coffee every few minutes: not 
by any manner of means. I.t might be like 
that some of the time, I dare say, but every 
now and then their reactions are put to the 
test when things go wrong. You don't want 
to be too relaxed when, for example, an 
engine goes on strike just after take-off, or 
when the controller tells you that another 
aircraft is making a head-on approach at a 
closing speed of around 1200 knots. 

To help pilots get used to little problems 
of this kind, airlines make use of flight 
simulators, which can be programmed 
with all kinds of 'failure'. Accelerations, 
visual effects and sounds are provided to 
make the simulation as realistic-as it can 
be, the sounds being recorded in a real 
aircraft and played back under the control 
of the simulator. 

Clearly, as many sounds as possible are 
needed, but a chap I know who used to 
record the aircraft noises tells me there was 
one he never could get in the normal way. 
Birds are unco-operative little beasts, and 
he found it quite difficult to persuade them 
to fly into windscreens to order so he could 
record the splat and allow birdstrikes to be 
simulated on the ground. 

So, I am about to explain a bizarre little 
scene which someone may have seen and 
wondered about (though not for long, 
probably - the world is full of strange 
people). What they 'had to do, it seems, 
was to buy some frozen, oven-ready 
chickens from Sainsbury's, thaw them out 
and give them to several brawny characters 
with good right arms. On the word of 
command, the chaps hurled the fowls with 
considerable enthus-iasm at the aircraft's 
nose cone, while the tape recorder inside 
collected the bangs. Played back at a 
higher speed, it gave just the right effect 
and everyone (except the chickens) was 
happy. 
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~~~----------------------------------~ World's most powerful 
/ 

BASIC pocket computer 

CASIO FX-702P 

(RRP £134.95) 

ONLY £11 9.95 
High-~peedcomputer using BASIC Language, with program/data storage on cassette 
tape v1a optional FA-2 adaptor. 

AVAILABLE SO<;>N: Plug-in ROM program modules and FP-10 Mini Printer for 
program/data pnntout. 

LC£? dot matrix scrolling_ display. Input can be varied from 1680 program steps, with 

26 mdepe~dent memones, to 80 program steps with 226 memories, all protected 
(non-volatile). Up to 10 programs (PO to P9) can be stored. 
Subroutmes: 10 levels. FOR NEXT looping, 81evels. 
Debugging by tracing . Editing by moving cursor. 

55 built_-in functions including Regressional Analysis and Correlation Coefficient all 

u~able m programs. Program/data storage on cassette tape. Two lithium batteries 

a~~~s:~prox1mately 200 hours continuous use, with Auto Power Off after 6 mins. 

Dimensions : 17 x 165 x 82mm (5/a x 61h x 3%"). Weight 180g (6.3oz). 

FX-602P Advanced programmable. Up to 512 steps £7 4.95 
***NEW*** FX-3600P 38 program steps £2~.95 

alarm 

chronograph watch 

CASIO AX-21 0 
10 alternative displays 
Over60 useful functions 
ANALOGUE display of time plus:-
* Digital time display, 12 or 24 hour system. 
* Digital date, month and year, plus day flag . 
* Full month calendar display, current month. 
* Full month calendar display, next month. 
~Js. calendar pre-programmed to the year 

Dual time modes 
*ANALOGUE display of local time, plus digital 
second time zone, 12 or 24 hour system. 
Alarm mode * ANALOGUE time with "Alarm Set" digital 
time, 24 hour system. AM/PM and "alarm on" 
indicators. 
Buzzer for 20 seconds, or select ..-Dixieland" 
"Greensleeves" or "My Darling Clementine." 
Hourly time signal 
"Big Ben" chimes at noon. Easily switched on 
or off. 

(RRP £34.95) 

ONLY£29.95 
Countdown alarm timer mode 

*Amazing ANALOGUE display, plus digital countdown. Normal and net times from 1 
to 60 minutes with automatic retrieval of pre-entered time. 
Stopwatch mode . 

*ANALOGUE countup, with digital timing of net, lap and first and second place times 
from 1/100 sectq 1 hour. Confirmation signal. 

Ea~~ settmg of t1mes and alarm with forward and backward stepping and rapid run 

faci11ty. D1mens1ons: 9.25 x 35 x 36mm approx. Mineral glass. Long life lithium 
battery.Accuracy +/-15 seconds/month. 

SH<?RT FORM CATALOGUE ON REQUEST. 14p stamp appreciated. 

Delivery normally by return of post. Prices include VAT and P&P. Send your cheque, 

T'E'Mp(J,s. THE LEADING U.K. SPECIALISTS 
· Dept.W.W. 

. . _ 164/167 East Road, Cambridge CB11DB 
Telephone: 0223 312866 

P.O. or phone your ACCESS OR B'CARD number to: 

WW - 072 FOR FURTHER DETAILS . 

THE W.W. DISK OFFER 

RE-OPENS AT LAST 
We liave obtained a limited stock of European 

single sided mini floppy drives so please get orders 

in soon 

Circle the enquiry number for data 

Total U.K. price including VAT at 15% and 

carriage, CWO 

ONLY £155 EACH INCLUSIVE 
(Drive £132, P and P £2.78, VAT £20.22) 

Please make cheques and P.O.s payable to 

W.W. Disk Offer and send to: 

W.W. DISK OFFER 

49 Milford Hill 

Batford 
Herts 

Please call 0582-429122 to check on availability 
before ordering 

Allow 21 days for delivery. This offer applies to 
U.K. only and is subject to availability. For non 

U.K. orders send SAE for quotation 

WW- 051 FOR FURTHER DETAILS 
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IIM3'12 '£220 
1': "'m(WIItthOC~ZOMHz f-3d8) • $enaitivlty smy•20V/f:m 1±3~1 
~= 'tinebQH 0·~•40.,./cm incl, x6 Ma!J"· • • T~(J· 3H;~:•30MHz t4tr1tn) 
Dualtrace •. X-V Operation • CaHbtat~r • Screen8x10cm • 2kV 

HM412 £350 
Y: Bandwidth DC-20M Hz 1~3dBI • Sensitivity 2mV~20V/cm'!± 3%1 
X: Timebase 2s-40ns/cm incl. x6 Magn. • Trig. DC-40MHz (Smml 
Dualtrace • Algebr.addition • X-YOperation • Scraen8x10cm 
Sweep delay • Overscan, Trigger, Delay indications • Trigger filter 
Z-Modulation • Calibrator • Graticule illumination • 2kV 

HM512 £580 
Y: Bandwidth DC-50MHz (-3dBI • Sensitivity 5mV-50V/cm (± 3%1 
X: Timebase 5s-20ns/cm i~cl. x5 Magn. • Trig. DC-70MHz (5mm) 

Dualtrace • Algebr.addition • X-YOperation • Screen8x10cm 
Delay line • Sweep delay • After delay triggering • Trigger filter 
Single shot+ Reset • Overscan, Trigger, Ready, Delay indications 
var. Hold-off • . Z-Modulatio!'l • Graticule illumination • 12kV 

HM812 £1,458 
Y: Bandwidth DC-50MHz (-3dBI • Sensitivity 5mV-50V/div. (±3%1 
X: Timebase ·ss-20ns/div. incl. x5 Magn. • Trig. DC-70MHz (0.5div.l 
Dual trace analog storage with var. Persistence and Auto-Storage 
Algebr. addition • X-V Operation • Screen 8x10div. (7.2x9cml 
Delay line • Sweep delay • After delay triggering • Trigger filter 
Singleshot Overscan, Trigger, Ready, Delay, AS indications 
var. Hold-off · • Z-Modulation • X-Guard circuit • Calibrator • 8.5kV 

WW - 077 FOR FURTHER DETAILS 
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TRUE AS AN 'ARROW' 
Professional Wire and Cable Fasteners 
for all installation requirements. 

TELEPHONE - ELECTRONICS 
COMMUNICATIONS- ALARM 
SYSTEMS, ETC., 

Some of the features that make an Arrow cable fastener 
the outstanding tool for all installation engineers. 

.. J __ · l·~- .. - ~--~-' .,:· Illustrated literature and details of Staple sizes 

~ ~1_: 1.; s~a~c'IAL PRODUCTS 
. ~\ ~~ DISTRIBUTORS LTD. 

81 PICCADILLY, LONDON W1 V OHL. Tel: 01 629 9554. Telex 265200 lAB RACEN) 
- Cables Speciprod London W1. 

WW - 068 FOR FURTHER DETAILS 

~®- . XLR CONNECTORS 
Line Female A3F............ .. .... . .. ............. £1.18 Chassis Female D3F... . .. ... .. £1.57 

Line Male A3M ..................... .. ................... £1.00 Chassis Male D3M .... .. ....... .. .... ... £0.83 

@ 1N Ei:;;:~~n~largesele;~;d~~a~o~;;;~RS . 

b~~c~~~~feCNhCaJ~~~sCNC3-FZ.... : :·.·.·::·:::: ::::~£~--~ tr~;h~e:1~ ~h~;_s~C~~-~-~-~~-~:~.Z.::::: :: ~~:~~ 
Female Chassis NC3-FP ............... ... ......... .. £1 .65 Chassis Male NC3-MP .... .. ........................ £0.87 

4, 5 and Black Versions and large selection of Audio Audio Adaptors available 

XLR LNE MAIN SERIES -
XLR LNE 1 !C......... .. ......... £3.87 .XLR LNE 12C... .. .... .... .. . £3.76 

.XLA LNE 32 .. .. ........... : .... .. .... .. ............. .......... £2.89 .XLR LNE 31 .. .................... .. ............. .. ...... ..... £4.14 

BELCLERE AUDIO TRANSFORMERS 
t;N!HfZ R!!tio + I,Z + z. Fr13q. 40Hz-35KHz. PAl 1 50/600!1, sec. 600/2.4K!L .... ..... .. ... ........ .... .... £3.64 
EN6423 Ratio 1 + 1 :6.45 + 6.45. Freq. 40HZ-25KHz. PAIIS0/6000. sec. 6.25K/25KO ... .. .......... £3.64 
SKT-723 MuMetal Screening can, 39dB reduction 50Hz ext. field ...... ... .. ..... .... ....................... ....... £1 .15 

Trade enquiries welc?me; quantity discounts available. All prices subject to V.A.T. Call, write or 
phone. M1n. order £10. Please add £1 postage. Access, Amex, Barclaycard. 

· - , KELSEY ACOUSTICS LTD. 
28 POWIS TERRACE, LONDON W111 JH 

llu~ if with .>..:,·es.' , 01-727 1 046/0780 

Distortion 
lower 
tt->an .002°·o 
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STILL THE LOWEST PRICED . 
QUALITY PERFORMANCE 

AUDIO SIGNAL GENERATOR 
AVAILABLE ANYWHERE ' 

1vRMS 
variable 

output 

10Hz-100KHz Sine/ square 

£41.50 
(Kit £35.65) 

P. & P. £2 

\-...... u.-.----
Based on Linsley Hood design . Pr ices from £41 .50 (pp £21 

TELERADIO EJ.ECTRONICS, 325 Fore Street, London N9 OPE 
Tel: 01-807 3719. Closed Thursdays 

SAE for leaflets. Also RF S1g. Gen .. Function Gen ., Frequency Meters 
THD Analyser. SWR Meters. MVMT 

WIRELESS WORLD OCTOBER 1981 

Quite simply the best way to make music 
Prices to suit every pocket 

Complete kits from £33-£320 ! 

• •• 

e COMPREHENSIVE INSTRUCTIONS WITH EVERY KITe KITS REALLY COMPLETE- EVEN SCREWS AND WIRE! e 

e SUPERIOR MATERIALS e SUPERIOR FINISH e SUPERIOR SOUND e 

e AND REMEMBER D.I.Y. SAVES YOU fs e 

89 

... build the TRANSCENDENT range from PDWEilfRAN 
e WORLD LEADERS IN ELECTRONIC KITS 

• MONEY~ B. ACK GUARANTEE ( If you are not completely satisfied with your Powertran Kit, return it} 
in original condition within 10 days and we will refund your money. 

e SOLDERING PRACTICE KIT- FREE on request with your first kit, to assist newcomers! 

PORTWAY INDUSTRIAL ESTATE, ANDOVER, HANTS. SP10 3MM- ANDOVER (0264) 64455 

www.americanradiohistory.com

www.americanradiohistory.com
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WIRELESS WORLD OCTOBER 1981 

...... ·----~~~----------~--------~ The Nowmber .._· ... ~ 
features no less th 100 circuits desiped for. ETI by 

Orr - a ,p ifl rs, :,.., alarms and filters. -
luild 6 -· maiR eonstrudioaaf p~ - '11-.Wanceclmusic Pfocessor 
~auto .... ~... and ........ effects. There 
are foar iWal8ble scan speeds an.l the eUeds am Le Of)el'lll8dliMIIUaly 

or iB one skot mOde hy h -, on or foo,t swi1ch a, left ''• tUIUlifll. 
A,fl ellldr..Sc switeiUng of DC eontroi sipals oHers no ",seJess eftedi 

· cbafti(W)ver. 

'DoWt mils.. ...,. ediGon of BriWa'$ best eledronia ~ 
ETI NOVEMAJ:EI - :t• hraad new circuits, a saphistcaced mu,sic 

processor· flesi;p, construCtional pre~- re.aular feat••• aacl news f;rom 
- . : .·· 6ewar,ldof8tedroniG . · . " ·. · 

ON-SA;LE~OCTOBER 2nd 
ONLY 65:p at your new , nt 100. CIRCUTS ISSUE!! 

JOIN THE MICRO REVOLUTION WITH 
YC1000L DATA LOGGER 

This new laboratory grade instrument features microproces
sor control for increased versatility. Its many functions in
clude - a frequency counter (0.02 ppm accuracy), a preci
sion A.C./D.C. voltmeter, thermal sensor and a 
programmable timer. The test results may be read direct 
from the Digital display or recorded on the integral logger. 

We are currently offering the YClOOOL at the UNBELIEVABLE 
price oj £680 plus V.A.T. Should you require further informa
tion on this or any of our other products please write TODAY. 

SOUTH MIDLANDS COMMUNICATIONS LTD. 
Osborne Road, Totton, Southampton S04 4DN, England 
Tel: TOTTON (0703) 867333- Telex: 477351 SMCOMM G 
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TYPE 

2N3137 
2N3375 
2N3553 
2N3632 
2N3733 
2N3866 
2N3924 
2N4040 
2N4041 
2N4127 
2N4128 
2N4129 
2N4427 
2N4429 
2N4430 
2N4431 
2N4932 

RF POWER TRANSISTORS - EX-STOCK 
£ TYPE 

1.88 
6 .27 
1.09 
6 .03 
6.13 
0 .92 
1.66 
9.29 

10.97 
9.18 

11 .03 
12.08 

1.15 
9.~ 

11.30 
12.50 
5.50 

2N4933 
2N5070 . 

2N5071 
2N5090 
2N5102 
2N5590 
2N5591 
2N5641 
2N5642 
2N5643 
2N5913 
2N6080 
2N6081 
2N6082 
2N6083 
2N6084 

7 .80 
10.09 
12.10 

8 .44 
9 .44 
7.85 

10.21 
4 .68 
8.11 

12.44 
2 .34 
5.94 
9 .87 

10.17 
11 .08 
12 .27 

TYPE 

8LX13C 
BLX14 
BLX65 
8LX66 
BLX67 
BLX68 
BLX69A 
BLX91A 
BLX92A 
BLX93A 
BLX94A 
BLX95 
BLX9B 
BLY33 
BLY34 
BLY35 
BLY36 

15.05 
25.70 
1.67 
4.91 
5 .41 
7.29 

21.15 
8.84 

13.06 
19.19 
35 .79 
44.59 
84.95 

1.87 
1 .07 
7 .50 
6 .60 

TYPE 

BLY53A 
BLY53AP 
BLY55 
BLY83 
BLY84 
BLY85 
BLY87A 
BLY87C 
BLY88A 
BLY88C 
Bl Y89A 
BLY69C 
BLY91A 
BLY91 C 
BLY92A 
BLY92 C 
BLY93A 

[ 

7.33 
7 .33 
9 .40 
7.45 
72S 

6.02 
6.43 
6.43 
8 .66 
9 .10 

12 .65 
11.90 

6 .95 
6 .90 
9 .2S 
9 .06 

BLY93C 

COMMUNICATION TUBES - EX-STOCK 
TYPE 

4 -65A 
4-125A 
4-250A 
4-400A 
4-1000A 
4CX250B 
4CX350A 
4CX1500A 
4CX1500B 
4X150A 
4X500A 
5B254M 
5B255M 
6F33(AEL) 
12EI 

13.40 
11 .40 

13EI 
5763 
6080 
6146A 
61468 

f 

35.10 
42 .90 
48 .80 
58.20 

269.10 
26 .50 
42.20 

413.00 
316.40 

24 .70 
175.00 

23 .40 
23.40 
15.62 
16.94 

141 .00 
3 .25 
5.40 
3 .80 
4 .07 

TYPE 

6155/ QYJ -125 
6155/ QY3 -125(AEU 
6156 / 0Y4 -250 
68838 
7527 ' 0Y4-400 
7854 ,-YL 1060 
8042 
A2426 
OOV03- 10 
OOV03 - 1 O(AEL) 
OOV03 -20A 
OOV03 -20A(AEL) 
OOV06 -40A 
OOV06 -40A(AEL) 
OOV07 -50 
OVOB- 100 
OY5-3000A 
TBL2 -300 
TT21 
TT22 

47.30 
2240 
45 .30 

4 .30 
S0.44 
53 .80 
16.50 
19.25 

5 .60 
2.S4 

35 .75 
17.20 
43.60 
10.40 
68.00 

12500 
234.00 
286.00 

18 00 
19.76 

SEND NOW FOR PRICE LISTS SHOWING OUANTfTY DISCOUNTS 

EXPORT SPECIALIST 

SEND FOR DET ~ IL S TO 

1\ERO ELECTRONICS , ~El o L TO 
GA TWIC K HOUSE 

'10 Ri. EY SURREY I:NGL~ND 
TEL • 0 293 ~ I S3S3 
TELEX 8711 6 •AERO G o 

C~BLES ~ERO G TELEX HORL EY 
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WIRELESS WORLD OCTOBER 1981 

7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442A 
7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74107 
74109 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
74136 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
74162 
74163 
74164 
74165 
74166 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
74188 
74190 
74191 

. 74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74298 
74365 
74366 
74367 
74368 
74390 

1 
15p 
20p 
20p 
25p 
35p 
BOp 
25p 
25p 
17p 
30p 
20p 
22p 
28p 
30p 
25p 
30p 
15p 
25p 
27p 
27p 
30p 
17p 
70p 
SOp 
60p 
93p 
45p 
45p 
17p 
17p 
17p 
17p 
17p 
36p 
30p 
30p 
23p 
38p 
30p 
50p 

lOOp 
70p 
45p 

100p 
90p 
2Sp· 

210p 
30p 
60p 
30p 
30p 
SOp 
50p 
45p 

120p 
85p 
30p 
40p 
90p 
75p 
90p 
70p 
30p 
4Sp 
48p 
40p 
40p 
40p 
4Sp 
32p 
65p 

200p 
70p 

lOOp 
75p 
SOp 
45p 
45Pr 
70p 
SOp 
SOp 
SOp 

lOOP. 
BOp 
BOp 
SOp 
BOp 
85p 
BOp 
70p 

160p 
300p 

75p . 
70p 
70p 
SOp 
70p 

lOOp 
60p 

160p 
90p 
90p 

120p 
SOOp 
325p 

70p 
70p 
70p 
70p 
70p 
BOp 
BOp 
BOp 

lOOp 
lOOp 

75 
70p 

1S0p 

SERIES 
74LSOO 12p 4024 
74LS01 14p 4025 
74LS02 14p 4026 
74LS03 14p 4027 
74LS04 1Sp 4028 
74LS05 15p 4029 
74LS08 16p 4030 
'74LS09 15p 4031 
74LS10 1Sp 4034 
74LS11 15p 4035 

. 74LS13 25p 4036 
74LS14 45p 4039 
74LS20 1Sp 4040 
74LS21 1Sp 4041 
74LS22 20p 4042 
74LS26 20p 4043 
74LS27 18p 4044 
74LS30 15p 4046 
74LS32 16p 4047 
74LS37 16p 4048 
74LS38 18p 4049 
74LS42 40p 4050 
74LS47 40p 4051 
74LS51 1Sp 4052 
74LS55 30p 4053 
74LS73 2Sp 4054 
7 4LS 7 4 20p 4055 
74LS75 28p 4056 
74LS76 20p 4059 
7 4LS83 4Sp 4060 
74LS85 SSp 4063 
7 4LS86 24p 4066 
7 4LS90 3&p 4067 
74LS92 40p 4068 
74LS93 3Sp 4069 
7 4LS95 4Sp 4070 
74LS96 110p 4071 
74LS1 07 45p 4072 
74LS109 30p 4073 
74LS112 34p 407S 
74LS113 30p 4076 
74LS114 30p 4081 
74LS122 42p 4082 
7 4LS 123 SOp 4086 
74LS124 120p 4089 
74LS1 25 30p 4093 
7 4LS 1 26 30p 4094 
74LS132 45p 4095 

. 7 4LS 133 30p 4096 
7 4LS 136 30p 4097 
74LS138 38p ' 4098 
74LS139 38p 4099 
7 4LS 1 45 7Sp 40085 
74LS147 160p 40097 
74LS148 90p 40098 
74LS151 70p 40102 
74LS1 53 60p 40103 
74LS1 54 200p 40106 
74LS1 55 40p 40109 
74LS1 56 40p 40163 
74LS1 57 3Sp 40173 
74LS1 58 38p 40174 · 
74LS1 60 40p 40175 
74LS161 40p 40193 
74LS162 40p 40257 
74LS1 63 40p 4502 
7 4LS 1 64 48p 4503 
7 4LS 1 65 1 OOp 4507 
7 4LS 166 90p 4508 
74LS170 120p 4510 
74LS173 70p 4511 
74LS174 60p 4512 
74LS175 50p 4514 
74LS181 140p 4515 
74LS190 SOp 4516 
74LS191 50p 4518 
74LS192 SOp 4520 
74LS193 BOp 4521 
7 4LS 195 50p 4526 
74LS196 60p 4527 
74LS197 65p 4528 
74LS221 BOp 4532 
74LS240 90p 4534 
74LS241 90p 4536 
74LS242 BOp 4538 
74LS243 BOp 4539 
74LS244 BOp 4543 
74LS245 90p 4553 
74LS247 70p 4555 
74LS251 40p 4556 
74LS253 40p 4560 
74LS257 45p 4569 
74LS258 45p 4572 
74LS259 90p 4583 
74LS266 2Sp 4584 
74LS273 90p 4585 
74LS279 45p 4724 
74LS283 45p 14411 
74LS298 160p 14412 
7 4LS323 2SOp 14599 
74LS324 1SOp 
74LS348 1SOp 
74LS352 lOOp 
74LS353 lOOp 

60p 
7Sp 
40p 

170p 
1BOp 
BOp 

295p . 
29Sp 
SSp 
70p 
SSp 
80p 
70p 
70p 
7Sp 
SSp 
27p 
27p 
BOp 
BOp • 
60p 

130p 
12Sp 
120p 
500p 
90p 

100p 
3Sp 

400p 
18p 
18p 
18p 
18p 
18p 
20p 
20p . 
60p 
16p 
20p 
72p 

1SOp 
40p 

1SOp 
95p 
95p 

340p 
90p 

120p 
90p 

£120p 
120p 
1BOp 
180p 
SOp 

100p 
lOOp 
120p 
90p 

lOOp 
120p 
160p 
75p 
50p 
40p 

200p 
65p 
SOp 
6Sp 

1SOp 
1S0p 
7Sp 
45p 
70p 

lSOp 
7Sp 
90p 
7Sp 
90p 

500p 
300p 
120p 
110p 
lOOp 
290p 

SOp 
60p 

180p 
180p 
30p 

100p 
45p 

lOOp 
lSOp 
700p 
900p 
290p 

74LS365 36p 
74LS367 38p 

INTERFACE 
ICs 

74LS368 SOp 
74LS373 BOp 
74LS374 BOp 
74LS375 50p 
74LS377 90p 
74LS378 70p 
74LS390 SSp 
74LS393 SOp 
74LS399 200p 
?4LS540 13Sp 
74LSS41 13Sp 
74LS670 170p 

ADS61J 1400p 
AD7524 600p 
DM8131 37Sp 
DP8304 4SOp 
058835 250p . 
DS8836 150p 
DS8838 22Sp 
MC1488 65p 
MC1489 BSp 
MC3446 lOOp 
MC3480 850p 
25S10 350p 
75107 lBOp 
58174 £12 
75107 160p 
75110 160p 
75114 160p 
75150 140p 
75154 1SOp 
75182 230p 
75324 37Sp 
75361 150p 
75363 150p 
75365 lSOp 
75451 / 2 72p 
75491/2 70p 
8T26 120p 
8T28 140p 
8T95 140p 
8T97 140p 
81LS95 120p 
81LS96 140p 
81 LS97 120p 
81LS98 140p 
9602 220p 

180p 
17Sp 
316p 
27Sp 
27Sp 
180p 
165p 
225p 
22Sp 
1SOp 
360p 
2SOp 
300p 
200p 

74SSERIES 
74SOO . BOp 
74S04 60p 
74S05 75p 
74S08 75p 
74S10 BOp 
74S20 60p 

·74S30 BOp 
74S32 90p 
74S37 90p 
74S64 60p 
74S74 90p 
74585 300p 

-'74S86 j8Qp 
74S112 ' 120p 

LINEARICs 
AN103 
AY1-0212 
AY1-1313 
AYl-1320 
AY1 -50SO 
AY3-1270 
AY3-8910 
AY3-8912 

. CA3046 
CA3048 
CA3080E 
CA3086 
CA3089E 
CA3090AQ 
CA3130E 
CA3140E 
CA3160E 
CA3161E 
CA3162E 
CA3189E 
CA3280 
DAC1408-8 
HA1388 
1Cl8038 
ICM7555 
LC7120 
LC7130 
LF351 
LF356P 
LM10C 
LM301A 
LM311 
LM318 
LM319 
LM324 
LM339 
LM348 
LM358P 
LM377 
LM380 
LM381AN 
LM386 
LM393 
LM709 
LM710 
LM725 
LM733 
LM741 
LM747 
LM748 
LM2917 
LM3302 
LM3900 
LM3909 
LM3911 
LM3914 
LM3915 
LM3916 
LM13600 
M83712 

200p 
6SOp 
868p 
320p 
90p 

840p 
700p 
82Sp 
70p 

225p 
60p 
48p 

22Sp 
375p 
90p 
45p 

lOOp 
140p 
450p 
300p 
180p 
200p 
260p 
300p 

BOp 
600p 
47Sp 
48p 
90p 

42Sp 
27p 
70p 

200p 
225p 

4Sp 
6Sp 
7Sp 
SOp 

17Sp 
7Sp 

180p 
BOp 

lOOp 
36p 
SOp 

350p 
7Sp 
16p 
70p 
3Sp 

200p 
100p 
SSp 
70p 

130p 
22Sp 
22Sp 
225p 
12Sp 
200p 

fixed Plastic T0-220 
1A + ve 
SV 7805 SOp 

12V 7812 SOp 
15V 7815 55p 
18V 7818 55p 
24V 7824 SSp 
100m A T0-92 
5V 78L05 lOp 

12V 78l12 30p 
15V 78l15 30p 
OTHER REGUU\TORS 
LM309K 13Sp 
L.M317T 200p 
LM323K 500p 
LM723 37p 

OPTO-ELECTRONICS 
2N5777 45p 
OCP71 1BOp 
ORP12 120p 

OPTO-ISOLA TORS 
ILD74 130p 
MCT26 lOOp 
MCS2400 190p 

LEOS 
0.125" 
TIL32 SSp 
Tll209 Red 13p 
TIL211 Gr 20p 
TIL212 Ye 2Sp 
TIL216 Red 18p 

DISPLAYS 
3015F 200p 
DL704 140p 
DL707 Red 140p 
FND357 120p 
FND500 110p 
FND507 110p 
MAN3640 17Sp 
MAN4640 200p 

MC1310P 
MC1458 
MC1495l 
MC1496 
MC3340P 
MC3403 
MM57160 
NE531 
NE555 
NE556 
NE564 
NE565 
NE566 
NE567 
NE571 
NE5534A 
Pll02A 
RC4136 
S5668 
SAD1024A 
SFF96364 
SN76013N 
SN76477 
SP8515 
TA7120 
TA7204 
TA7205 
TA7222 
TA7310 
T8A231 
T8A641B11 
T8A651 
TBABOO 
TBA810 
TBA820 
TBA950 
TCA220 
TCA940 
TDA1004 
TDA1008 
TDA1010 
TDA1022 
TDA1024 
TDA1034B 
TDA1170 
TDA2002V 
TDA2020 
Tl071/81 
TL072/82 
TL074 
Tl084 
UAA170 
ULN2003 
UPC1156H 
XR2206 
ZN414 

·~~m~ 
ZN425E 
ZN427E 
ZN1034 

- ve 
7905 
7912 
79 15 
7919 
7924 
79L05 
'79L12 
79l15 

78HGKC 
78H05KC 
78MGT2C 
79HGKC 
Tl497 

ORP60 
ORP61 
TIL78 

Till 11 
TIL112 
TIL116 

0.266 
Tll220 Red 
Tll222 Gr 
Tll228 Red 
Rectangular 
LEOs (A, G, Y) 
NSB5881 
TIL31 1 

. TIL312/3 
Tll321 /2 
Tll330 
7750/60 

DRIVERS 
9368 
9370 
UDN61 18 
UDN6184 

MEMORIES 
2101-4l 400p 
2102-2L 120p 
21078 SOOp 
2111-4 300p 
2112-4 300p 
2114L 130p 
2114-2L 160p 
4027-3 300p 
4044 700p 
4116 200p 
4118 500p 
5101 300p 
6116(150ns) £11 
6514-45 £4 
6810 
ROM/PROMs 

200p 

71301 700p 
745188 225p 
745287 350p 
745471 &SOp 
74S571 650p 
CPUs 

760p 1802CE 
2650A £16 
6502 400p 
6800 370p 
6802 SOOp 
6809 1260p 
8080A 4SOp 
BOBS A 550p 
1NS8060 1000p 
TM59980A £20 

SSp 
55p 
55p 
70p 
70p 
60p 
60p 
60p 

Z8o 370p 
Z80A 5S0p 

EPROMs 
SOOp 1702A 

2708 300p 
2716 (+5V) 400p 

600p 
550p 
13Sp 
600p 
300p 

2532 600p 

120p 2732 BOOp 

120p SUPPORT 
SSp DEVICES 

3242 800p 
3245 450p 
6522 500p 
6532 77Sp 
6821 160p 

90p 
90p 
90p 

6845 £10 
6850 180p 
6852 370p 
6875 600p 
8154 950p 

16p 
18p 
22p 

8155 800p 
- 8205 l20p 

8212 180p 
8216 180p 
8224 250p 
8226 250p 
8228 2S0p 
8251 400p 

30p 
S70p 
600p 
110p 
130p 
140p 
200p 

8253 600p 
8255 400p 
8257 BOOp 
8259 BOOp 
8279 9500 

2S0p 
300p 
320p 
320p 

som: INTELLIGENT ~PROM PROGRAMMER 
Ideal software/hardware too! . Develop your programmes,_. 
debug/verify and then commit them to EPROM. 
Ready-bui It for + SV EPROMS, £169. 

NANOCOMPII 
A microprocessor tra iner based on powerful state-of-the-a_rt 
6809 Facilities for further expansion (to be publi~hed m 
WW). An excellent system for trainin!,J centres an espet 
cially. useful to control application engineers. Complete Ki 

(inc. PCBs,bcadse, ~;WogW. 2?.1J6u, elyt~~,£8) ~·809 Prog. Ref. Manual, . 
(A descn e 1n · 

140p 

COUNTERS 
74C925 550p 
74C928 600p 
ICM7216B 

£20 
ZN1040E £7 

3N141 110p 
11Dp 
120p 
2SDp 

91 

3N201 
3N204 
40290 
4036112 
40408 
40409 
40410 
40411 
40594 
40595 
40673 
40871/2 

m 1---""-----. 
10Dp 
lOOp 
300p 
120p . 

ZENERS 
2.7V-33V 
400mW 
1W 

9p 
1Sp 

1~~~ 1-------. 
100p 

TTL&ECL 
MC4024 

32Sp 
MC4044 

325p 
10116 70p 
10231 350p 

TRIACS 
PLASTIC 
3A400V 
6A400V 
6A500V 
8A400V 
8A500V 
12A 400V 
12A500V 
16A400V 
16A500V 
T2800D 

LOUD
SPEAKERS 
Size 

BOp 
70p 
B8p 
7Sp 
9Sp 
BSp 

105p 
110p 
130p 
130p 

2112 " 64R BOp 
21!'2" 8A SOp 
2" SA 90p 
1 1/2" 8R lOOp 

DISCIC 
FD1771 £20 
FD1791 £30 
WD1691 £15 
WD2143 

550p 

*SPECIAL OFFERS* 

21 14L (450ns) 
2716 (+5V) 
'4116 (200ns) 

1-24 25·99 
1.10 1.05 
2.75 2.50 
0.90 0.85 

100 
1.00 
2.25 
0.80 

ACORN ATOM. Supplied with full size 
QWERTY Keyboard, 8K ROM, 2K RAM and can 
be expanded to 12K ROM, 12K RAM. lnclude.d 
are UHF Modulator for connection to domestiC 
TV and Free manual on Programmmg m BASIC 
or Machine Code. 
Kit £129. Built £150. P&P £2.50. 

UK 101/0HIO II 
, TWO BOARD HARDWARE 

INTERFACE 
DECODING BOARD plugs into UK 101/0Hl<? II 
socket to provide 16 bit user port plus a w1de 
va riety of decoded lines for mterfaces (inc. fl!ll 
decoding for AYJ-8910/12 PS~) and a 40-pin 
socket for further expansion . K1t £2_7.50. 
Analogue Bo'ard p lugs into decoding b~ard to 
provide D/A converter, 8-channel multipl~xed 
A/D converter, AYJ-8910 PSG plus 6~22 t1mer 
lC allowing complex timing and countmg func
tions, plus 16-bit port. Kit £39.95. 
Reprint of 'P.E.' art1cles £1 + SAE. 

ADD SOUND TO ZXS0/81 PLUS RELAY 
CONTROL AND LIGHT DETECTION 

* ZXS0/81 USER PORT* 
(as described in "P.C.W." Oct. '81) . 

Port module plugs directly into ZX80 o~ ZX81 to provfde 8 
input and 8 output lines. These allow mput of data rom 
switches photocells, joy-stocks, etc., and control of up tob 8 
rela s Aiso 7-segment LED -displays or LED lamps may e 

used ~nd solid-state buzzers may be directly co~nec~e~~o 
the port. Variable tone audio output may be pro uce · de 

ort is accessed by .simple PEEK and POK~ comman s. 
the port kit includes plugs, sockets, double-sdded PfB :-nd 
all components. Price £11.50. Software an app tea 10n 
sheet 40p + SAE. 

SEE US AT "P.C.W." EXHIBITION IN EARLY SEPTEMBER 
FOR ABOVE AND OTHER PROJECTS 

TECH NOMATIC LTD. Please add 30p P&P & VAT 15% O 

17 BURNLEY ROAD, LONDON NW1 
Government . Colleges . etc Orders accepted (2 mmutes Dollis Hill tube station) (ample street ~arkmg) n 

Mo n Fn 9 30 5 30 T I· 01 _452 1500/01-450 6597 TeleJJ. 92280 
<da I 0 30 4 30 8 • 
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PLATE 
TYPE 

AMPLIFIER 
WITH 

HEAT SINK 

Which amplifier? 
I. L. P . Amplifiers now come in three basic ty~es, each of which is available with· 

or Without heatsink. Having decided the system you want - home hi - fi 

(models HY30, 60 or 120 for example), super quality hl-f1 with extra versatility 

IMOS120, MOS200) or D1sco/PA/GU1tar (HD120, HD200or HD400) you will 

then dec1de whether amplifiers housed w1th1n the1r own heats1nks or plate 

amplifiers for bolt1ng to a metal chass1s will su1t . W1th cho1ce such as th1s and a 

bnll1ant new range of I.L.P. functional modules to choose from you now have 

the chance to build the finest audio system ever offered to the constructor. 

.w..:ll} lf!1:•standard, with heatsinks Without heatsinks 
DISTORTION 

OUTPUT T.H.O. I. M.D. SUPPLY 
MODEL POWER Typ 60HZ/7kHz VOLTAGE SIZE WT PRICE VAT 

NUMBER Watt•rms at 1kHz 4:1 TYP/MAX 
MODEL SIZE WT PRICE 

mm gms NUMBER in mm gms 

HY30 15w 48r2 0.015'·· <0 . 006~. ±18±20 76x68x40 240 £7.29 £1 .09 

HY60 30w 4-Brl 0.015°1o <0.006% ±25±30 76x68x40 240 £8.33 £1.25 

HYI20 BOw 48r2 0 . 01'<~ <0.006% ±35±40 120x78x40 410 £11.48 £2.62 HY120P 120x2Bx40 215 £15.50 
HY200 120w48r2 0.01% <0.006% ±45±50 120x7Bx50 515 £21.21 £3.18 HY200P 120x26x40 215 £18.46 

HY400 240w:4r2 0.01% <0.006% +45+50 120x78x100 1025 £31.83 £4.77 HY4DDP 120x26x70 375 £28.33 

Pro tee lion. Load line. momentary short crrcu1t ltyp1cally 1 0 secl Slew rate: 1 5V/j.As Rise time: 51's 

SiN ral!o: 1 OOdb frequency response 1-JdBJ: 15Hz - 50kHz 

Input sensitivity: 500mV rms Input impedance: I 00kr2 Oamping factor: IBfl /1 00Hz1>400 

HEAVY DUTY with heatsinks Without heatsinks 

HDI20 60w/4·Br2 0.01% <0.006% ±J5±40 120x78x50 515 £22.48 £3.37 HD12DP 120x26x50 265 £19.84 

H0200 120w/4·Brl 0.01% <0.006% ±45±50 120x 78x60 620 £27.38 £4.11 HD200P 120x26x50 265 £23.63 

H0400 240w/4ll 0.01'% <0.006% +45+50 120x78x100 1025 £38.63 £5.79 HD400P 120x26x70 375 £34.28 

Protection: load line, PERMANENT SHORT CIRCUIT !ideal for disco/group use should evidence of short circuit not be immediately apparent). 

The Heavy Duty range can cla1m _additional output power devices and complementary protection circuitry with performance specs. as for standard types. 

lt'JliJ."t Ultra-Fi. with heatsinks 

MOS120 60w/4·8ll <0.005% <0.006% ±45±50 120x78x40 420 £25.88 £3.88 MOS120P 

MOS200 120w/4·Bll <0.005% <0.006% ±55±60 120x78x80 850 £33.46 £5.02 MOS200P 

MOS400 240w/4S1 <0.005% <0.006% ±55+60 120x7Bx100 1025 £45.39 £6.81 MOS400P 

Protect:on. A~l~ to ~ope wrth complex loads, without the need for very spec1al protection wcuitry lfuses will suffice). 
Ultra-f1 specrflc&tlons: 

Slew rate: 20V/I's Rise time: J11s . SIN ratio: I OOdb Frequency response 1- JdB): 15Hz - 1OOkHz 
Input senstlmty: 500mV rms Input rmpedance: I OOkrl Oamping factor: IBll/1 00Hz)>400 

POWER SUPPLY UNITS 
MODEL NO . FOR USE WITH PRICE 
PSU30 ± 15V combinations of HY6/66 series to 

VAT 

a maximum of 1 OOmA or one HY6 7 £4.50 £0.68 
The following will also drive the HY6166 

Without heatsinks 

120x26x40 215 £23.32 

120x26x80 420 £28.53 

120x26xl00 525 £38.91 

FP480 
BRIDGING UNIT FOR 
DOUBLING POWER 

VAT 

I 

I"" £2.77 

£4.25 

£2.98 

£3.54 

£5.14 

£3.50 

£4.28 

£5.84 

PSU36 
series except HY67 which requires the PSU30. 
1 or 2 HY30 

PSU50 1 or 2 HY60 
PSU60 1 X HY 1201HY 120P/HD 120/HD 120P 
PSU65 1 X MOS120/1 X MOS 120P 
PSU70 1 or 2 HY1201HY120PIHD120/HD120P 
PSU75 . 1 or 2 MOS 120/MOS 120P 
PSU90 1 X HY200/HY200P/HD200/HD200P 
PSU95 1 X MOS200/MOS200P 

£8.10 
£10.94 
£13.04 
£13.32 
£15.92 
£16.20 
£16.20 
£16.32 

£1.22 
£1.64 
£1.96 
£2.00 
£2.39 
£2.43 
£2.43 
£2.45 

Designed specially by l.l.P. for use 
with any two power amplifiers of the 
same type to double the power output 
obtained and will functio~ with any 
I.L.P. power supply. In totally sealed 
case, size 45 x 50 x 20mm. with edge 
connector. It thus becomes possible to 
obtain 480 watts rms !single channel) 
Into 811. Contributory distortion less 
than 0.005% 

PSU180 2 x HY200/HY 200P/HD200/HD200P or Price: £4.79+ 72p. V.A.T. 

1 X HY400/1 X HY400PIHD400/HD400P £21.34 £3.20 
PSU185 1 or 2 MOS200/MOS200PI 1 x MOS400/ 

1 X MOS400P £21 .46 £3.22 
Allmodelsexce tPSU30andPSU p 36 mcorporate nur own torotrlal transformers. 

ELECTRONICS LTD. 

MODEL 
NO. 

HY6 

HY7 

HY8 

HY9 

HY11 

*HY12 

*HY13 

HY66 

HY67 

HY68 

HY69 

HY71 

*HY72 

*HY73 

tHY74 

tHY75 

tHY76 

tHY77 

Which modules? 
In launching eighteen different units all within amazingly compact cases to help make 

complete audio systems using I. L.P. power amplifiers, we bring the most exciting, the 

most versatile modular assembly scheme ever for constructors of all ages and 

experience . Study the list - see how these modules will combine to almost any audio 

project you fancy - and remember a/1/.L.P. modules are compatible with each other, 

they connect easily . Modules HY6 to HY 13 measure 45 x 20 x 40mm. HY66 to HY77 

measure 90 x 20 x 40mm . They are so reliable that aiii.L.P . modules carry a 5 year no 

quibble guarantee. 

CURRENT 

MODULE DESCRIPTION/FACILITIES REQUIRED 

MONO PREAMP Mic/Mag. Cartridge/Tuner/Tape/ 10mA 

Aux +Volume/Bass/Treble 

MONO MIXER To mix eight signals into one 10mA 

STEREO MIXER Two channels, each mixing five signals 10m A 

into one 

STEREO PRE AMP Two channels mag. Cartridge/ lOrnA 

Mic+Volume 

MONO MIXER To mix five signals into one 10mA 

+Bass/Treble controls 

MONO PREAMP To mix four signals into one 10mA 

+ Bass/Mid-range/Treble 

MONO VU METER Programmable gain/LED overload driver 10mA 

STEREO PRE AMP Mic/Mag. Cartridge/Tape/Tuner/Aux 20mA 

+Volume/Bass/Treble/Balance 

STEREO HEADPHONE Will drive headphones in the range of SOmA 

4ll- 2KQ 

STEREO MIXER Two channels, each mixing ten signals 20mA 

into one 

MONO PREAMP Two input channels of mag. Cartridge/ 20mA 

Mic +Mixing/Volume/Treble/Bass 

DUAL STEREO Four channels of mag. Cartridge/Mic 20mA 

PREAMP +Volume 

VOICE OPERATED Depth/Delay 20mA 

STEREO FADER 

GUITAR PRE AMP Two Guitar (Bass/Lead) and Mic 20mA 

+separate Volume/Bass/Treble+ Mix 

STEREO MIXER Two channels, each mixing five signals 20mA 

into one+ Treble/Bass 

STEREO PRE AMP Two channels, each mixing four signals 20mA 

into one+ Bass/Mid-range/Treble . 
STEREO Two channels, each switching one of 20mA 

SWITCH MATRIX four signals into one 

STEREOVU Programmable gain/LED 20mA 

METER DRIVER overload driver 

PRICE VAT 

£6.44 £0.97· 

£5.15 £0.77 

£6.25 £0.94 

£6.70 £1.01 

£7.05 £1.06 

£6.70 £1.01 

£5.95 £0.89 

£12.19 £1.83 

£12.35 £1.85 

£7.95 £1.19 

£10.45 £1.57 

£10.75 £1 .61 

£13.10 £1 .97 

£12.25 £1.84 

£11 .45 £1.72 

£10.75 £1.61 

To be announced 

£9.25 I £1.39 

• Ready August- may be ordered now 

tReady September - may be ordered now 
All rhe.above modules operate from± 7 5 V minimum to ±30V max1mum higher voltages being 

accommodated by use of dropper resistors. HY67 can only be used with the PSU 30power supply unit . 

The modules are 
encapsulatedand include 
latest design high quality 
clip·on edge connectors. 

For easy mounting we 
recommend 
86 Mounting board for 
modules HY6 - HY13 

78p+ 12p. V.A.T. 

866 Mounting board for 
HY66- HY77 

99p+ 1 3p. V.A.T. 

AIII.L.P. modules include 
full connection data. 

I.L.P. Products 
are of British 
Design and 
Manufacture. 

All WITH ILP ·s 5 YEAR NO QUIBBLE GUARANTEE · 

TO ORDER USING OUR 
FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate 
sheet of paper, quoting the name and date of this journal 
By sending your order to our address as shown at the 
bottom of the page opposite, with FREE POST clearly 
shown on the envelope. you need not stamp it . We pay 
postage for you. Cheques and money orders must be 
crossed and made payable to I.L .P. Electronics Ltd . lf 
sending cash. it must be by registered post . To pay 
C.O.D . please add£ 1 to TOTAL value of order . When 
ordering, U.K. customers must include the appropriate 
V.A. T. as shown. 
PAYMENT MAY BE MADE BY ACCESS OR 
BARCLAYCARD IF REQUIRED . 

WW - 030 FOR FURTHER DETAILS 

r---------------------~---------------
; To: I.L.P. ELECTRONICS LTD. ROPER CLOSE CANTERBURY CTZ 7EP 

1 Please supply ... 

........... Total purchase price £ I 
I 
1 I enclose Cheque 0 Postal Orders 0 International Money_Order 0 

I Please debit my Access/Bart:laycard Account No .. ............ .. 

• I 
I NAMt 

I I ADDRESS ... 

I 
~ Signature .. 

I ww 5/10·. 

I 
I 
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. LATEST PURCHASE. COMPUTER GRADE T 'I'JI ~ ~t:!' ~ , · ~N~ORMERS. Conservatively rated. All 

._.,,~ V 1 ... "$ ~~:nn~t:zi20~2fl~e~~~a~es~i~d~~~s 10~: 
. (ELECTRONICS) LTD. ~:f~c. tapped 26-31-36V. 11.2A £~2. ~&~ 

9 8i 10 CHAPEL ST., LONDON NW1 , ~~:!:~:!~~~!g~~:~~~~;:;g: 
01-723 7851 oi-262 5125 No. Ssec.24V2A£2.75.P&P£1 .2S. 

WIRELESS WORLD OCTOBER 1981 

HEAVY DUTY ISOLA nON TRANSFORMERS HEAVY DUTY CONTACTORS 

240-2:40V ex;computer equipment. Large 24v DC Coi'IBSYPFmAMakOeU1SOOMAAmKpERScontact £2 50 
selection. ava1lable 10-15 amps. Fraction of 

1.m,.a•k•e•r P
111
t

111
1C

00
e.

111
T

111
el

111
ep;.h

111
o

111
n•e f

111
o•rf,;;u,.;rt,;;he;,;,r,;;d,;;;et;;a;;,;ils;;.. -I P&P 75p. 24v DC 2P make 1 o Amp Contact~ 

II and 2 P makeS Amp Contacts £1.75. P&P 7Sp 
HEAVYDUTYLTCCORE 20v DC Will operate on 12v DC 4 CO 25 Amp 

TRANSFORMERS Contacts £2. P&P 7Sp. 12v DC 3 CO 10 Amp 
PRI 110.220-240V sec. 12V 40A £22 50 Contacts. Enclosed type S hole fixing £1 50 
cr,rr. £4. PRI 110-220.240V sees 14V. 3-.j ~&P 3Sp. Standard Omron open type s hoi~ 
1 II.! 1 V Separate windings 40A h 14- flxmg AC240v 3 CO 7 Amp Contacts £1 P&P 
15-151h-17-18-18~-19-191aVat~~fzs 25p. 2 CO 7 Amp Contacts 85p. P&P 25p.'1 co 

ADJACENT TO EDGWARE ROAD MET. UNE STATION ~~5g_ ~~P r,·~g_'27 5V 1.2A and 7-0-7V o. 75A 

~------;;:::::~::--=:-::-:-:-::::=:==...:::::~~~~~~~_j No.7 17V !A £2. P&P 75p. 
PLEASE_A~D 15% TO"AUCJitDERS 1rtt:: C:Afllf. ~~: ~ ;~~ ~! ~~~~~Nt·50. P&P £1.25. 

Carr. £4. PRI 220-240V sec. 140V CT (70: 7 Amp Contact 75p. P&P 25p. 48v DC 2 CO 
Oco-7n0nVe)ct1IOOAnss£291Ze.570x. C7arxr. 7£i5n.s. top panel Contacts 7 Amps SOp. P&P 2Sp, PluQ-in Octal 

Base types 12v AC 3 CO 7 Amp Contacts £1 50 · 

·Type 
1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 

14 
15 
16 
17 
18 

CURRENT RANGE OF NEW L.T. TRANSFoiui.tE.RS CNoor.e1£30 s.ePc&. 2P9-£2
1
8. -27-0-27-28-29V 350M/A "C" 

OPEN TYPE TAG CONNECTIONS 

ALL PRIMAIJIES 220-240v ~~V 6.1~~J.Op~~-li~ OV 0.6A and 29-21-0-21-

~ecTaps Amps Price Carr No. 12. 27V 1A 22V 1A 10V 1A 10V 1A 4 

24-4-3
30

0·40-48-GOv 12 £38.50 £2.00 £se
1
p.
5
a
0
r.ate windings 'C' core type. £4.95. P&' p' 

-40-48-SOv 10 £31.50 £2.00 
24-30-40-48-GOv 8 £27.50 £1.75 N 13 6SV 1A 1 
24-30-40-48-SOv 5 £1I.JS £!. 75 £l~5o. · and 18·24V ii.!A £3.95. P&P 
24-30·40-48-GOv 3 £11 .50 £1 25 No 14 T d 12 15 27V 
24' 30-4~_~8;~~ 2_16_; 8_20_24_3!.~~8-sov £ ~ :.25 No: 15: sT.YsooMi A 6.3V j~~i !~~~5fciMt A 

CAN BE OBTAINED FROM THE ABOVE RANGE ~~.5~g. ~~~p~~V1~~1~!~~~2f~ ~kP£l. 
;~:~;:~~:1~;~ ~~ ~:~::: £2.00 ~~&~.ls~~&~r~·37-3B-39-41-42-43V tA ·c· 

1 9-25-33-40-50v 3 £1.25 i 1. 
7 5 

19-25-33-40-50v 2 £7.75 £;:~; 
5-7·8-10-13-15-1 7-20-25.'30-40-50v 

OR 25-0-25v OR 20·0-20v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

12·15-20-25-JOv 10 £11.&0 £1.75 
12-15-20-25-30v 5 £10.50 £1 .50 
12-15-20-25-30v 2 . . .£!1.25 £1 .25 

3-4-5-6-8-9-1 0-12·15-18-20-24-30v 

CLAUDE LYONS AUTOMATIC 
VOLTAGE STABIUSER 

ln~ut.187-2S3V, Output 220V 51.7 Amps. 
Butlt-tn steel case. Size 22 x 13 x 12ins 
Brand new, fraction of maker's price: 
£150. Ex-Warehouse. 

, .. ___ -P•A .. R111ME..;,K..;,O.;,;.;HT;,;;;.;,CH;.,;O;;;KE;;_S ___ .,,j ~:~ ~~~-- 11~v Afc21cgJ ~~~~oC~~~:.;~-:~: 
p tt d 1 P&P 2Sp. ~mall open tyP!! 6v DC Relays 1 CO 

1~0 t11%~~75~~l~£~~~~;~·~~f g ~~~ Contact. S•ze_1'\t4ms. D1a -¥4ins. 50p. P&P 20p. 
£1.SO. SOH 50 M/A £1.50, P&P £1. 15H 7!i M/A Panel mounting Preset Relays 18v DC 2 P CO 7 

~~~gi~:~:~~ 5~~ 2~~~~~ ~~50M/~&~ ~· f,~~ if~~~~&P'~~:reset switch mounted on 

P&P £1.SO. C-Core type 20H 180M/A £3.75, HIGHCAPACITYELECTROLYTICS 

~~~ zEfM9~~1.~~M~~4~~:l~&~~:n: ~F~0~~FgJ~8cJ'~~~4s~:.P5~~goJ 5~~g 
25v DC WKG £2. P&P SOp. 

We are o~en all day Saturday. Hundreds HEA 
of . bargains for callers. Stockist of Size 91a x 4:}4 x 1 ins. ~~~~~N3055 7 Welwyn 

~f:'~t~~=m:~~~~· t;':!:J~ 1R5~i~X~toe~i Resistors £2. P&P SOp. 
Ma11 Orders. HIGH GRADE TRICKLE CHARGERS 

1 .. ------------....11 ~~r~/~!~.~~do~~~u~~~~~ t?a~:rvAr:;~J~ ~::~ 
440v ~.:J~J~a:AGE attached clips. Completely fused. Housed in 

Input tapped 400-440v .. Output 440v 3SOvA ;"t.1Jo~W~£~i~g·P~~~e~~~s~o";!M~o4:Y4 x 4in. 
open frame. Terminal block connections. 
Complete w1th capacitors £10. Carr. £3. WODE~:~:/o~~'i,~~D AMP 

HTTRANSFORME Pro. 240V sec. tapped 30-0-30V, 3S-0-35V 55-

OR 12-0-12v OR 15-0-15v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

C Core type. Pri. 220-240v sec~~50v 75 M/A 0-55Y 10 Amps. Open frame type. Top panel 
WODEN 'C' COREL T TRANSFORMERS fDC) Twice 6.3v 3A S.Jv JA 6.3v 3A S.Jv 2A ~ermonal connections with fitted fuses. £29 

~~r~d:i~~ s6~ ~J'rfs~~~~~~~~evr:~~~~~ ~o3~ ~1:~:~· f.~A·,\~ ~~~1~:~~~&~ci:~s5~v lr'"•c•. v;,;,A;,;T.;;a.,nd;;,ciiiiaiiirr~~E~v~a!'!!o~A'!!!R~Ds~--.... --.1 
12-24v 
12-24v 
12-24v 
12-24v 
12-24v 

12v 60A, 24v 30A £31.50 
1 2v 30A. 24v 15A £11.50 
12v 20A, 24v 10A £15.25 
1 2v 1 OA, 24v 5A £1.71 
1 2v 4A, 24v 2A · £4.25 

£3.50 
£2.00 
£2 .00 
£1 .50 
£1 .25 

t----------------1 f~~· ~~~25~~,J,~0~e~? 9~~iiN~~l~sfJcJtf ~~~~. ~~~~~ c~~~i 0~~~b~~;~· g?}Pxh~~t 
. PARMEKO POTTED TRANSFORMERS £2. P&P £1. Pri. 220-240v sec. tapped 428-403v c~rcu1t board. Thickness, touch sensitive 

~~.~l4~~p~~~si.'3V 3A three times and 5V ~1~.~:ZS:p1ff. M/A 14.7v 613 M/A 6.3v 0.75A keys: A must for anyone building or 
mod1fymg home computers. Very good 

HEAVY DUTY OP TRANSFORMERS 
Type OT28EL 100 watts, 3.7SO, 7.50, 150, 1.75K CT, 4 EL34 
2x25 m/a de max. £16.50, P&P £1.25. Type OT29EL 50 watts 
3.750, 150, 3.5KCT, rated 2x125 m/a de max £8.95, P&P£1. ' 

PARMEKO HIGH VOLTAGE 
. TRANSFORMERS 

Prt. 240v, sec. 10,000v 2 M/A cont. rating. 
Completely enclosed in steel case 6 x 4 x 4in 
£6. P&P.£2 plus VAT £1 .20. Total £9.20. Par: 
meko H1gh Voltage Transformers. Pri. 220-
240v, sec. 1,865v 60 M/A and 500v 31 M/A 

4.8 M/H lOA opeL,;"~~~~~S. P&P £1.50. 20 ~=~:~::~:ed:·i ::~:~":::,:,;ca;rr;S;O;p;+;:V:A:T.:S:u:p:pl:ie:d~~ 
M/H 3A open type £1.50. P&P 7Sp. Potted 11 
types 100M/A 2A £4.50. P&P £1 .50. 130 M/H MONITORS 

AUTO STEPDOwN TRANSFORMERS 
FOR AMERICAN EQUIPMENT 

240/110 Volts. 80·2250 watts. Regular stock line. Types 80· 
1500 w~tts are fully shrouded. Fitted with American two or 
three pm socket outlets and 3 core 240V mains lead Types 
1750 and 2250 watts are steel cased with two A,.;,erican 
socket outlats. Neon indicator, three core mains lead and 

~~~;i~~nh:~c~:is~~ru~~~~;~;o~;i~~~i:~=~~bf~.rther details. 

GARDNERS UNIVERSAL LT TRANSFORMERS 
O~en frame. top pan~l connections. PRI 120-240v sees 1v 
tw1ce. 3v tw1ce, 9v tw1ce, separate windings all at 6 4 am 
fonse':"at1vely rated. The follo.wing voltages can be obtai.fe~ 
v~1:~~~;s~~e,PJ 1~~~;~ 2~~~ i;:~: t£~ 2t·1v-13-0-13v in one 

t4:~~ ~~~_t:!t £1 . 2.2 M/H 12A open type 14" Monochrome Monitors. suitable for 
use ~1th ~ome computers, video input. 

AC WKG BLOCK CAPACITORS !f;6a'M~~~~~~3~h"a~~i~· ~~mplete ~vith 
f;t~Yr~~stkg . £5.75. P&P £2 plus VAT £1.17. BY FAMOUS MANUFACTURERS tube. £25 + VAT. Callers on ly. 

AC·~c;;~ wkg. Price ,..---~C2~40~V~BL~O~W!!Ei!!ReS~---·· Parmeko l T Transforms. Pri. 110-220-240v MFO 
Sec. 24v 2 amps conservatively rated built in °·2S 
ste.el case .. S1ze 5'¥4 x 4 x 3:Y4ins. with on/off ~J~ 
~'f.~g~ and 1nput and output fuses. £3.95. P&P 2.s 

j---------------1~'7 + 0.1 

HEAVY DUTY C CORE L T 
TRANSFORMERS 

PRI 220-240V sec. 18V 27A, 40V 10A, 40V 4A, 
25V 4A, 52V 1A. All separate windings. £27.50. 
Carr. £5. 

4 
5 
7.5 
15 
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440 ~~:~~ ~b~~r:?t't.~~s::J~~~~~!·I rr:~~~to~~~1r~~~~ 
~g ~~:: ;~~~~~:;,s~~~~~~~:~l~:P~~~!~~·c~p0ti~~.s£?t~ 

· 700 £1.00 motor, qu1et running £4.95 carr. £2. 

~ ~t::I.:_--;;PAR...-;;;M;;E;:;K:;;O:;-:O;::UTPUT:;;:;::;:::::TRA=-:-N::-:S=:FO::-:-:R-M-E-R-S--I 
360 £1.25 10 watts, PRIS~OOOct. Sec.4-8·160for 2 El84 
~~g g::g valves. Atlantic potted series £4 95 P&P 

P&P up to 2.S MFD 25p £1 .50. Farnell multi-tapped Op Tran~fo~mers 
type MRT /3 7 watts max. DC60 M/ A 2/30 7 sri 

. 2.7-15 MFD 50p 150. Data sheet supplied £2.25, P&P75p. · 

POWER UNITS c.avern micro modules 
D~s1gned for Z80 based systems, these modules are suitable for 
Microcomputer expansion and the development of Micro systems. 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 

The module~ .are based on a 55-way bus, this being a compromise be
tween1 flebxlbdity and economy. Terminations are wire-wrap pins which 
can a so e soldered or plugged into sockets . 
First in the range are: 

80-006 16K x 8 bit dynamic RAM. .... .. ... .. ......... ... .............. .. . £13.60 
(supplied without 4116 chips) 

80-013 16K x 8 b1t dynamic RAM .. 
80-020 RAM driver ............. .. ..... .. .. £27.80 

8o-o37 RAM driver i~i!'h"M'l:ix · ~~d .. c.i..sT::: .... .. .. .... .. .. .... ..... .. . :::: in~g 
V.A.T. extra 

Each RAM driver will drive up to four RAM modules to give 16K-64K f 
memo~. o 

More will follow shortly 

Good quantity discounts available. Dealer enquiries welcome. Please. 
send for data sheets. 

CAVERN ELECTRONICS 
94 Stratford Road, Wolverton, Milton Keynes MKl2 SLU 

Telephone : Milton Keynes (0908) '314925 

WW - 037 FOR FURTHER DETAILS 

FOTOLAK 
, POSiTIVE LIGHT SENSITIVE AEROSOL LACOUE'R. 

Enables YOU to produce perfect pnnted circuits in minutest 
Method Spray cleaned board with lacquer. When dry, pla~e positive master of 
~qUired ~rcUit on now sensitized surface. Expose to daylight, develop and etch 

Us
neyd ~um der tot efxact copies can of course be made from one master. Widely: 

1n 1n us ry or prototype work. 
Pre-coated 1 I 1 6 · Fibre-glass board 

FOTOLAK .... ............ .. . .. .. .. £2.25 
.. .. .. ...... 35p 

.... ... 55p 

204mm x 114mm £1 .50 
Developer ........ . 
Ferric Chloride. 

204mm x 228mm £3.00 
408mm x LLt:lmm £600 
467mm x 305mm £9 .00 

Plain Copper-clad Fibre-glass. Single-sided Double-sided 
Approx. 2.00mm thick ft . sq. £2 25 
Approx. 1.00mm thick ft. sq. . . . . . . . . . r2:oo 
Clear Acetate Sheet for making master. 260mm x 260mm 

Posta_ge and packing GOp per order. VAT 15% on total 

G. 'f. MILLWARD ELECTROtiiC COMPONEfnS LIMITED 
P.O. Box 19, Praa Sands, Penzance, Cornwall 

Telephone GERMOE (073-676) 2329 

£1.75 
15p 

WIRELESS WORLD OCTOBER 1981 

AAY32 
AAZI3 

'AAZ15 
AAZ17 

.AC107 
ACI2S 
ACI26 
ACI27 
ACI28 
ACI41 
ACI41K 
ACI42 
ACI42K 
ACI76 
AC187 
AC188 
ACYI7 
ACYI8 
ACYI9 
ACY20 
ACY21 
ACY39 
A0149 
AD161 
ADI62 
AFI06 
AFII4 
AFII5 
AFI!6 
AFII7 

. AFI39 
AFI86 
AF239 
AFZII 
AFZI2 

A2087 
A2134 
A2293 
A2426 
A2521 

. A2900 
A3343 
AZ31 
AZ41 

,8K448 
'8K484 
8590 
8S810 
BT5 
BTI7 

. 8Tl9 
BT29 
BT69 
B175 
BT95 
C8L31 
CL33 
CY31 
CIK 
C3A 
C3JA 
DA41 
DA42 
DAIOO 

' DAF91 
DAF96 
DET22 
DET24 
DF91 
DF96 

, DK91 
DK92 
DK96 
OL92 
OL94 
DL96 
DLSIO 
DLS15 
DLS16 
OLS!9 
OM70 
OM71 
OMI60 
DY87 

,DY802 
ESSL 
ESOCC 
E80CF 

•ESOF 
E80L 
ESICC 
E81L 
E82CC 

'E83CC 
E86C 
E88C 
E88CC 
E90CC 
E90F 
E91H 

0.20 
0.48 
0.17 
0.17 
0.17 
0.63 
0.29 
0.29 
0.29 
0.35 
0.32 
0.40 
0.32 
0.40 
0.35 
0.32 
0.32 
1.50. 
1.32\ 
1.27 
1.27 
1.32 
2.88 
0.86 
0.40 
0.40 
0.40 
0.86 
0.86 
0.86 
0.86 
0.38 
1.15 
0.45 
4.60 
4.60 
1.61 
1.04 

13.58 
20 .13 
8.62 

17.63 
24.38 
14.43 
51.75 

1.26 
1.32 

110.27 
149.09 
52.27 
86.25 
58.13 

106.89 
36.17 

327.69 
333.50 
102.46 
127.02 

2.30 
2.30 
1.15 

21.30 
11.50 
23.23 
l8.75 
21.51 
97.93 

0.46 
1.15 

32.78 
52.90 

0.46 
1.15 
1.21 
1.44 
1.26 
1.26 
1.38 
1.26 
9.48 

12.37 
12.37 
12.37 

1.44 
1.44 
3.96 
0.74 
0.96 

25.17 
11.27 
12.96 
14.19 
13.98 
6.62 

14.06 
7.03 
7.16 

13.23 
7.12 
3.86 
9.94 

11.39 
5.34 

BASES 
87G unskirted 
87Gskirted 
B9A unskirted 
B9Askirted 
1nt0ctal 
Loctal 
Nuvistor base 
8pinDIL 
14pinDIL 
16pinDIL 
Valve screening 
cans all sizes 

ASZI5 
ASZI6 
ASZI7 
ASZ20 
ASZ21 
AUIB 
AUYIO 
AUIIO 
8Al45 
BAI48 
BAI54 
BA155 
8A1S6 
BAW62 
8AXI3 
8AXI6 
8Cl07 

· BC!08 
BCI09 
8Cll3 
8C114 
8Cil5 
8Cil6 
BCI17 
8Cil8 
8Cl25 
8Cl26 
8Cl35 
8Cl36 
BC137 
BC147 
BC148 
!8Cl49 

El82CC 
El86F 
El88CC 
E280F 
E283CC 
E288CC 
EA52 
EA76 

' EABC80 
EAC91 
EAF42 
EAF801 
EB41 
E891 
EBC33 
EBC41 
EBC81 
E8C90 
E8F80 
EBF83 
E8F89 
EBL31 
EC90 
EC91 
EC92 
ECIS7 
ECC33 
ECC35 
ECC40 
ECC81 
ECC82 
ECC83 
ECC84 
ECCSS 
ECC86 
ECC88 
ECC89 
ECC91 
ECCI89 
ECC807 
ECC808 
ECF80 
ECF82 
ECF86 
ECH35 
ECH42 
ECH81 
ECH83 
ECH84 
ECL80 
ECL81 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
EF40 
EF41 
EF42 
EF50 
EF54 
EFS5 
EF80 

1.38 
1.27 
1.15 
2.64 
2.88 
2.88 
3.45 
2.88 
0.15 
0.17 
0.12 
0.13 
0.12 
0.06, 
0.07 
0.07 
0.18· 
0.18 
0.18 
0.17 
0.17 
0.21· 
0.22 
0.26 
0.21 
0.21 
0.21 
0.17 · 
0.22 ' 
0.22 
0.14 
0.14 
0.15 
0.15 
0.15 
0.15 
0.13 
0.13' 

13.80 
12.58 
9.40 

25.88 
9.02 

18.54 
28.18 

2.30 
1.38 
0.92 
1.44 
2.02 
2.30 
1.01 
2.02 
1.44 
1.26 
0.97 
0.58 
1.44 
0.97 
2.88 
1.28 
9.33 
1.44 

349.26 
4.02 
4.02 
2.30 
1.01 
0.82 
1.01 
1.36 
1.38 
2.30 
2.07 
1.88 

10.27 
1.90 
2.02 
2.59 
1.24 
1.38 
1.73 
2.30 
1.32 
1.38 
1.44 '· 
1.47 
1.15 
1.73 
1.15 
1.73 
1.61 
1.28 
1.38 
4.02 
3.16 
3.45 
2.30 
2.30 
1.73 
5.75 
2.88 
0.92 
4.03 

CRTs 

BC172 
8C!73 
BCI77 
BCI78 

i:~m 
:BCI83 
!BCI84 
!8C212 
iBC213 

1
'8C214 
BC237 
iBC238 
!BC301 
!BC303 

1

•8C307 
BC308 
jBC327 
IBC328 
iBC337 
·BC338 
·BCY30 
jBCY31 

l:g~~~ 
~~~~~ 
: :g!~ 
.BCY43 
BCY58 
BCY70 
BCY71 
BCY72 
BCZll 
BOllS 

·BOIZI 
BDI23 

0.13 
0.13 
0.32 
0.16 
0.32 
0.35 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.13 
0.38 
0.39 
0.13 
0.13 
0.14 
0.14 
0.14 
0.14 
1.44 
1-.73 
1.73 
1.21 
1.15 
3.91 
3.22 
0.35 
0.35 
0.22 
0.20 
0.21 
0.20 
2.01 
0.48 
1.96 

EF89 1.84 
EF91 2.07 
EF92 6.68 
EF93 1.15 
EF94 1.24 
EF95 6.27 
EF98 1.44 
EF183 0.92 
EFI84 0.96 
EF804S 12.65 ; 
EF805 S 12.65 
EH90 1.61 
EK90 1.24; 
EL32 1.73 
EL33 4.02 
EL34TH 2.53 

.'EL34MUI 3.16 
EL36 1.84 

.EL41 1.44 
EL42 2.02· 
EL81 4.03 
EL83 4.03 
EL84 1.15 
EL86 2.88 
EL90 1.10 . 
EL91 8.21 ' 
EL9S 1.51 
ELIS6 27.60 
EL360 9.77 
ELSOO/S04 2.16 
EL509 3.63 ,:tm :t~ 
EM34 5.75 
EM80 1.26 : 
EMS! 1.15 
EM84 1.15 
EM85 1.44 
EM87 1.73 
EN32 13.66 
EN91 2.94 
EN92 5.23 
EYSI 2.02 
EY81 1.89 
EY83 2.02 
EY84 10.57 
EY86 0.96 
EY88 2.02 
EY500A 2.23' 
EY802 94 
EZ35 IJ7 
EZ40 1.44 
EZ41 1.44 
EZ80 0.96 
EZ81 0.96 
EZ90 1.38 

. FW4-500 2.88 
FW4-800 2.88 
Gl.371K 41.40 

· GS51K 12.65 
GI80.2M 18.42 
G240.2D 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
G8!6 10.35 
GTIC 14.38 
GUSO 14.31 
GUS! 

0.25 
0.35 
0.25 
0.35 
0.40 
0.63 
0.86 
0.17 
0.17 
0.20 

ZAPI 9.78 5ADP1 
58Pl 
SCPI 
5CPIA 
5FPISA 
5UP7 
DG7-S 
DG7-31 
DG7-32 
DH3-91 
OH7-ll 
VCR97 
VCRI38 

40.25 
11.50 
11.50 
46.00 
17.25 
28.75 
72.82 
66.78 
66.78 
67.65 

130.09 

.28Pl 10.35 
3BPI 11.50 
3DPI 5.75 
3EGI 8.05 
3FP7 6.90 

. 3GPI 6.90 
3JPI 9.20 
3JP2 9.20 
3JP7 11.50 
3KPI 17.25 
3RP! 40.25 
3WPI 23.00 0.35 

13.80 
11.50 

80132 
80135 
80136 
80137 
80138 
80139 
80!40 
80144 
80181 

. BD!82 
BDI37 
BD238 
BDXIO 
BDX32 
BDY20 
BDY60 
BFIIS 
BFI52 
BFIS3 
BF154 
BFIS9 
BFI60 
BFI67 
BF173 
BF177 
BF178 
BF179 
BFI80 
BF181 
BFI82 
BFI83 
BF184 
BF185 
BFI94 
BF195 
BF196 
BFI97 
BF200 

GXUZ 
·GXU3 
GXU4 
GXU50 

•GY501 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
KT66 

' KT88 
KTW61 
KTW62 
K1W63 
M8079 
M8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8099 
M8!00 
M8!36 
M8137 
M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M816Z 
M8163 
M8!90 
M8!95 
M8!96 
M8204 
M8212 
M8223 
M8224 
M8225 
M8248 
MU14 
MXII9 
MXI23 
MX!45 
MXI51 
MXIS2 
MXI61 
MXI63 
MXI64 
MXI66 
MXI68 
N78 
OA2 
OA3 
OA4 
OB2 
083 
OC2 
OC3 
OD3 
OZ4 
PC86 
PC88 

0.55i 
0.46 
0.46 
0.46 
0.55 
0.55 
0.58 
2.30 
1.38 
1.36 
0.62 
0.62 
1.05 
2.30 
1.73 
3.16 
0.40 
0.18 
0.18 
0.20 
0.20 
0.20 
0.28 
0.35 
0.40 
0.40 
0.40 
0.32 
0.32 
0.35 
0.32 
0.32 
0.35 
0.16 
0.14 
0.15 
0.16 
0.46 
0.29 

30.49 
32.77 
17.25 
3.16 
1.44 
4.60 
2.88 
4.60 
4.02 

11.50 
13.80 
2.02 
2.02 
2,02 

12.29 
9.49 

11.30 
9.87 
8.54 

11.99 
4.31 
4.09 
5.50 
5.98 
9.49 
9.98 
9.73 
5.17 
5.52 
7.77 
4.31 
5.86 
9.11 

10.36 
5.17 
5.29 
4.25 
7.47 
6.57 

12.47 
3.8ll 
4.66 
2.99 

13.32 
1.73 

58.65 
67.85 
62.10 
17.25 

143.75 
166.75 
23.11 
27.95 

161.00 
48.30 
20.13 

2.30 
5.69 
4.02 
1.44 
2.20 
3.04 
2.20 
2.20 
1.84' 
1.61 
1.61 

VCR138A 14.38 
VCRI39A 9.20 
VCR517A 11.50 
VCRS 178 11.50 
VCR517C 11 .50 

Tube Bases 
Prices on 
application 

0.31 
BF259 0.32 
BF336 0.39 

'·BF337 0.38 
BF338 0.41 
BF821 4.60 
BFS28 2.58 
BFS61 0.23 
BF898 0.23 
BFW!O 1.12 
BFWII 1.10 
BFX84 0.35 
BFX85 0.35 
BFX87 0.35 
BFX88 0.35 
BFY50 0.29 
8FYSI 0.29 
8FYS2 0.29 
8FY64 0.35 
BFY90 1.09 
BSXI9 0.31 
BSXZO 0.31 
BSX21 0.33 
BTI06 1.38 
BTY79/400R 

2.30 
1.50 
1.73 
2.30 
0.46 
0.15 
0.16 
0.20 

0.12 

1.38 
PCC84 1.15 
PCC85 1.38 
PCC88 1.38 
PCC89 1.56 
PCC!89 1.61! 
PCC805 · 1.51 
PCC806 2.07 
PCE82 2.07 
PCF80 1.15 
PCF82 1.15 
PCF86 1.84 
PCF87 1.84 
PCF200 3.74 
PCF201 2.45 
PCF801 1.84 
PCF802 2.19 
PCF80S 1.84 
PCF806 1.84 
PCF808 1.84 
PCL82 1.15 
PCL83 2.30 
PCL84 1.15 
PCL85 1.24 
PCL86 1.24 
PCL805/85 1.24 
PD500 4.14 
PE06-40N 31.40 
PFL200 2.07 
PL36 1.38 
PL81 1.38 
PL81A 1.38 
PL82 1.38 
PL83 2.55 
PL84 1.24 
PL504/5 1.61 
PLS08 2.07 
PL509 3.73 
PL519 3.73 
PL801 1.27 
PL802 3.40 
PY33 1.27 
PY81 0.97 
PY82 0.92 
PY83 0.81 
PY88 1.01 
PYSOOA 2.07 
PY800 0.97 
PY801 0.97 
·QQV02-6 16.17 
QQV03-20A 

20.13 
QQV06-40A 

47.15 
QQV07-50 60.66 
QQZ03·20A 

59.80 
QQZ06-40A 

63.37 
QU37 14.38 
QV03-12 5.62 
QV04-7 2.88 
QV08-IOO 

137.08 
57.06 
62.40 
77.05 
80.44 

7400 0.18 
7401 0.20 
7402 0.20 
7403 0.20 
7404 0.21 
7405 0.21 
7406 0.49 
74(]7 0.49 
7408 0.23 
7409 0.23 
7410 0.20 
7412 0.33 
7413 0.37 . 
7416 0.37 
7417 0.37 
7420 0.21 
7422 0.23 

GEX66 
GEXS41 
GJ3M 
GM0378A 
KS100A 
MJE340 
MJE370 
MJE371 
MJE520 
MJE521 
M}E2955 
MJE3055 
MPF!Ol 
MPF!03 
MPF!04 
MPFI05 ' 
MPSA06 

;MPSA56 
'MPSUOI 

~~~g~ 
INE55S 

! ~N:g~ 
'jNKT404 
OAS 

l g~ro· OA47 
;OA70 
!OA79 
IOA81 
•OA85 
OA90 

.OA91 
OA9S 
OA200 
OA202 
OAZII 

1.73 
5.75 
1.73 
2.02 
0.52 
0.69 
0.84 
0.82 
0.54 
0.84 
1.50 
1.27 
0.40 
0.40 
0.40 
0.40 
0.30 
0.32 
0.61 
0.75 
0.19 
0.52 
4.03 
2.88 
2.53 
1.38 
0.69 . 
0.63 
0.14 
0.29 
0.14 
0.20 
0.20 
0.09 
0.09 
0.09 
0.17 
0.17 
1.73 

356.66 
34.16 

5.75 
1.89 
4.89 
1.38 
1.66 

RG3-250 35.77 
RG3-2SOA 37.49 
RG3-12SO 63.94 
RG4-12SO 43.13, 
RG4-3000 90.36 
RR3·250 53.54 
RR3·12SO 94.83 
SIIE12 55.20 
5130 3.45 
SBOP 4.03 
STV280-40 

11.50 
STV280-80 

24.15 
SU41 2.88 
SU42 10.35 
TD03-IO 32.78 
TD03-10E 32.78 
TD03-29F 33.93 
IT!5 34.50 
IT21 16.98 
IT22 16.98 
TIIOO 59.51 
TY2·12S 69.01 
1W4-400 74.07 
TY4-500 105.97 
TYS-500 187.45 
TY6-800 193.20 
TY6·5000A 

356.50 
TY6-S0008 

264.50 
TY6-5000W 

316.25 
TY7-6000A 

368.80 
TY7-6000W 

322.00 
28.75 . 

2.88 
15.81 

1.33 
1.66 

TZ40 
UIS-20 
Ul9 
U2S 
U26 
U37 
UA8C80 
UAF4Z 
UB41 
U8C41 
U8F89 
UCC84 
UCC85 
UCF80 
UCH42 
UCH81 
UCL82 
UCL83 
UF41 
UF42 
UF80 
UF85 
UF89 

10.35. 
1.44 
1.44 
1.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
2.67 
1.20 
1.66 
1.15 
1.44 
1.66 
1.66 
1.66 

7423 0.38 
7425 0.35 
7427 0.35 
7428 0.50 
7430 0.20 
7432 0.35 
7433 0.46 
7437 0.37 
7438 0.37 
7440 0.37 
7441 1.04 
7442 0.83 
7447AN 1.35 
7450 0.21 
7451 0.21 
7453 0.21 
74S4 

. OAZ206 1.73 
OAZ207 1.73 
OCI6 2.88 
OC20 2.88 ' 
OC22 2.88 ~ 

. OC23 4.60 ! 
OCZ4 3.45 
OC25 1.15 
OC'26 1.13 
OC28 2.30 ' 
OC29 2.30 · 
OC35 1.73 
OC36 1.73 
OC41 1.04 
OC42 1.04 
OC43 1.73 
OC44 0.98 
OC45 0.75 
OC71 0.63 
OC72 1.15 

·OC73 1.15 
OC74 0.81 
OC75 0.75 
OC76 1.15 
OC77 1.15 
OCSI 0.75 
OC8!Z 1.38 
OC82 1.04 
OC83 0.92 
OC84 0.92 
OCI22 3.16 
OC!Z3 2.30 
OC139 3.45 
OCI40 4.60 
OCI41 4.93 
OC!70 1.44 
OC171 1.44 
OC200 1.73 
OC201 2.88 

UM80 
·UY41 
UY85 

3.16 

VLS631 15.24 
XGI-2500 58.02 
XGZ-6400 

113.50 
XG5-SOO 28.23 
XG2-6400 

155.42 
XRJ.J600A 

58.88 
XRI-3200 87.15 
XRI-3200A 

93.15 
XRI-6400 

108.30 
XRI-6400A 

164.23 
YOII20 264.50 
YO 1240 366.62 
Z759 19.32 
ZMIOOO 6.03 
ZMIOOI 6.19 
ZMI020 10.83 
ZMIOZI 10.17 
ZM1022 10.60 

: ~~U~6 2t~! 
ZMI041 19.16 
ZM1042 20.44 
ZMIOSI 100.05 
IB3GT 2.58 
1824 11.50 
183SA 28.75 
IB63 57.50 
IRS 1.21 
ISS 0.46 
1T4 0.46 
2ASI5 11.50 
.2C39A 21.85 
2C43 20.70 
2021 2.94 
2E26 17.86 
2]42 109.25 
2]55 239.97 
ZJ70A 442.75 
2J70B 418.34 
2K25 40.25 
3·400Z 57 .SO 
3-SOOZ 63.25 
3A.S 2.70 
3824 9.20 
3828 16.50 
3829 11.50 
38240M 17.25 
38241M 17.25 
3C23 26.83 
3C45 28.18 
3CXIOOAS 

23.00 
29.67 

1.26 
1.38 

29.15 
41.99 
41.99 
52.05 

7460 0.21 
7470 0.44 
7472 0.38 
7473 0.44 
7474 0.44 
7475 0.62 
7476 0.48 
7480 0.64 
7482 0.86 
7483 1.15 
7484 1.21 
7486 0.45 
7490 0.69 

'7491 0.94 
7492 0.69 
7493 0.69 
7494 0.94 

OC204 3.45 
OC205 3.16 
OC206 3.16 
OC207 2.88 
OCP71 2.30 
ORP!2 1.15 
R20088 2.30 
R2009 2.59 
R20108 2.30 
TIC44 0.31 
T1 C2260 1.38 
TIL209 0.18 
TIP29A 0.49 
TIP30A 0.52 
TIP31A 0.38 
TIP3ZA 0.41 
TIP33A 0.62 
TIP34A 0.77 
TIP41A 0.51 
TIP42A 0.48 
TIP29S5 0.81 
TIP3055 0.64 
TIS43 0.49 
ZSI40 0.29 
ZS!70 0.24 
ZSI78 0.62 
ZS271 0.26 
ZS278 0.65 
ZTX!07 0.14 
ZTX108 0.14 
ZTXI09 0.14 
ZTX300 0.15 
ZTX301 0.16 
ZTX302 0.21 
ZTX303 0.21 
ZTX304 0.23 
ZTX311 0.15 
ZTX314 0.29 
ZTX500 0.16 

0.16 
29.16 
74.75 
51.75 
80.50 

4X!50A 24.41 
4X!SOO 28.75 
58254M 23.12 
S8255M 23.12 
5C22 74.75 
5Jl80E 1380.00 
5R4GY 4.03 
SU4G 3.86 
5U4GB 2.90 
SV4G 1.75 
5Y3GT 0.98 
5Z3 1.73 
SZ4G 1.75 
SZ4GT 1.75 
6-30L2 1.79 
6AB4 1.44 
6AB7 1.73 
6AC7 1.61 
6AF4A 1.84 
6AG7 2.30 
6AH6 5.52 
6AKS 4.15 
6AK6 2.81 
6AL5 1.01 
6AM4 2.65 
6AMS 8.21 
6AM6 2.07 
6ANS 4.45 
6AN8A 3.97 
6AQS 1.10 
6AS6 5.73 
6AS7G 9.49 
6AT6 0.98 
6AUSGT 4.97 
6AU6 1.24 
6AVSGA 4.52 
6AV6 0.98 
6AXSGT 3.57 
6B7 1.73 
688 2.02 
68A6 1.15 
68A7 5.89 
68A8A 4.31 
68C4 4.27 
68E6 1.24 
68H6 1.75 
68]6 1.24 
68K4 4.84 
68L6 97.75 
68L7GT 4.44 
68M6 97.75. 
68N6 1.89 
68Q7A 4.28 
68R7 4.60 
68R8 2.02 
6BS7 4.60 
68W6 4.60 
68W7 1.75 
68X7GT 5.70 
68Z6 2.73 
6C4 1.01 
C86A 2.86 
6C06GA 5.83 
6CG7 2.62 
6CH6 11.96 

7495 0.84 
7496 0.94 
7497 3.62 
74100 1.77 
74107 0.52 
74109 0.84 
74110 0.59 
74111 0.82 
74116 2.13 
74118 1.15 
74119 1.77 
74120 0.95 
74121 0.49 
74122 0.71 
74123 1.36 
7412S 0.67 
74126 0.67 
74128 0.72 
74132 

Terms of business: CWO. Postage and packing valves and semiconductors 40p per ord~r. CRTs £1. All prices includ~ VAT. 

Price ruling at time of despatch. 
In some cases prices of Mullard and USA valves will higher than those advertised. Prices correct when going to press. 
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. 
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. 

WW - 045 FOR FURTHER DETAILS 

ZTX5SO 
IN914 
IN916 
IN400! 
IN4002 
IN4003 
IN4004 
IN4005 
IN4006 
IN4007 
IN4009 
IN4148 
!N5400 
1NS401 
IS44 
1S920 
!S921 
2G301 
2G302 
2G306 
2N404 
2N696 
2N697 
2N698 
2N705 
2N706 
2N708 
2N930 
2Nll31 
2Nll32 
2N1302 
2N1303 
2N1304 
ZN130S 
2N1306 
2N1307 

6D2 
60K6 
6DQ6B 
6EA8 
6E88 

.6EW6 
6F6 
6F23 
6F28 
6F33 
'6Hl 
6H2N 
6H3N 
6H6 
6]4 
6]6 
6]7 
6K4N 
6K6GT 
6K7 
6K8 
6KD6 
6L6G 
6L6GA 
6L6GT 
6L6GC 
6L7 
6N2P 
6N3P 
6N7 
6P25 
6Q7 
6R7 
68A7 
6SC7 
6SF7 
6SH7 
6SJ7 
6SK7 
6SK7GT 
6SN7GT 
6SQ7 
6SR7 
6SS7 
6USG 
6U8 
6U8A 
6V6GT 
6X4 
6XSGT 
787 
7C5 
7C6 
7H7 
7R7 
7S7 
7Y4 
7Z4 
IIE3 
12AT6 
12AT7 
12AU6 
!2AU7 
12AV6 
12AV7 
12AX7 
12AY7 
11B4A 

74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
7415S 
74156 
74157 
74159 
74170 
74172 
74173 
74174 

0.22 
0.24 
0.28 
0.29 
0.06 
0.10 
0.07 
0.07 
0.07 
0.08 
0.10 
0.13 
0.14 
0.08 
0.05 
0.15 
0.15 
0.05 
O.OY 
0.10 
1.15 
1.15 
1.15 
1.50 
0.37 
0.37 
0.37 
1.44 
0.29 
0.29 
0.29 
0.35 
0.35 
1.38 
0.92 
1.38 
1.15 
1.73 
1.27 
2.01 

1.01 
3.00 
4.69 
3.38 
2.44 
1.73 
2.02 ' 
1.84 
1.33 

34.50 
14.38 

1.21 
1.21 
1.73 
6.10 
6.21 
8.07 
1.44 
1.50 
1.73 
2.02 
7.31 
2.88 
1.73 
2.24 
2.88 
2.30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.07 
1.67 
1.73 
1.84 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.07 
2.30 
0.92 
3.38 
1.84 
1.38 
0.97 
1.96 
3.40 
2.60 
2.30 
1.73 
2.59 
1.84 
2.13 

60.82 
1.38 
1.01 
2.97 
0.83 
2.55 
4.00 
1.01 
4.69 
3.62 

0.59. 
1.02 
2.64 
2.99 
2.99 
1.15 
2.30 
2.02 
2.07 
1.08 
2.07 
1.04 
1.04 
0.86 
2.53 
2.76 
5.06 
1.63 
1.84 

2N1613 0.37 
2Nl671 1.73 
'2N!893 0.37 
2N2147 4.60 
2N2148 4.31 
2N2218 0.37 
2N2219 0.37 
2N2220 0.23 
2N2221 0.23 
2N2222 0.23 
21il223 4.89 
2N2368 0.29 
2N2369A 0.29 
2N2484 0.29 
2N2646 0.58 
2N2904 0.37 
2N2905 0.37 
2N2906 0.24 
2N2907 0.24 
2N2924 0.30 
2N292S 0.25 
2N2926 0.17 
2N3053 0.30 
ZN3054 0.63 
2N3055 0.75 
2N3440 0.81 
2N3441 0.98 
2N344Z 1.44 
2N3614 2.53 
2N3702 0.13 
2N3703 0.13 
2N3704 0.13 
2N3705 0.13 
2N3706 0.13 
2N3707 0.13 
2N3708 0.12 
2N3709 0.13 
2N3710 0.12 
2N37ll 0.12 

12BE6 
12BH7 
12BY7 
12E1 
!2EIJIT 
12El4 
BEl 

119H4 
19HS 
24B9 
30C!S 
30CI7 
30Cl8 
30FS 
30FLI/Z 
30FLI2 
30FLI4 
30Ll 
30LIS 
30Ll7 
30P4 
30Pl9 
30PLI 
30PLI4 
30PLIS 
35W4 
50C5 
75BI 
75Cl 
85AI 
85A2 
90AG 
90AV 
90Cl 
90CG 
90CV 
9ZAG 
92AV 
95Al 
ISOB2 
15083 
150C2 
150C4 
211 
723A8 
803 
805 
807 
8llA 
812A 
813 
833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 
4212E 
4212H 
5S44 
5545 
55SIA 
5552A 
5S53A 
5642 
5654 
5651 

2.19 
1.29 
3.11 

19.67 
19.26 , 
34.50 

123.05 
28.75 
40.25 
55.20 

1.84 
1.84 
1.84 
1.93 
1.28 
2.07 
1.84 
1.15 
2.07 
2.07 
1.06 
1.38, 
2.88 
1.93 
2.07 
0 .69 
0.81 
5.38 
2.70 
8.63 
2.75 

.14.90 
14.90 
2.81 

16.72 
17.50 
14.90 
14.90 
7.48 
3.47 
6.39 
2.21 
2.75 

21 .85 
40.25 
11.50 
23.00 
4.31 

21.08 
21.08 
91.15 

153.57 
17.56 
24.69 
5.01 

18.15 
2.59 
1.96 
8.00 

304.75 
304.75 
62.10 
67.85 

123.51 
166.98 
259.10 

6.45 
3.93 
4.66 

74176 1.33 
74178 1.56 
74179 1.56 
74180 1.38 
74190 2.19 
74191 2.19 
74192 2.19 
74193 2.19 
74194 1.44 
74195 1.38 
74196 1.55 
74197 1.55 
74198 3.11 
74199 2.64 
76013N 2.02 
TAAS70 2.65 
TAA630S 4.02 

"TAA700 4.50 

95 

2N3771 1.61 
2N3772 1.84 
2N3773 2.07 
ZN38!9 0.35 
2N3820 0.45 
2N3823 0.69 
2N3866 1.15 
ZN3904 0.20 
2N390S 0.20 
ZN3906 0.20 
2N4058 0.23 
·2N4059 0.23 
2N4060 0.18 
2N4061 0.18 
2N4062 0.18 
2N4124 0.18 
2N4126 0.18 
ZN4286 0.17 
ZN4288 0.21 
2N4289 0.21 
ZNS457 0.37 
2N5458 0.37 
2N5459 0.37 
2S017 11.50 
2S019 13.80 
2S026 28.75 
28103 1.73 
2S302 2.30 
2S303 1.73 
28322 4.03 
2S324 4.03 
2S701 2.30 
2S745A 1.09 
2S746A 1.09 

5670 5.18 
S675 21.47 . 
S687 6.31 
5696 4.35 
5718 7.87 
5725 5.62 
5726 3.62 
5727 6.47 
S749 5.14 
5751 4.80 
5763 4.66 
5814A 4.28 
5840 5.06 
5842 13.90 
5876A 19.55 
5879 5.38 
S886 12.08 
5963 3.38 
5965 4.00 
6005 5.62 
6021 5.13 
60S7 4.02 
6058 12.47 
6059 4.60 
6061 4.89 
6062 4.31 
6063 4.20 
6064 8.54 
6067 4.02 
6072 5.80 
6080 7.88 
6097AxBxC 

6146A 
61468 
61S98 
6189 
6201 
6442 
68838 
6973 
7025 
7551 
7586 
7587 
7609 
7868 
7895 
8005 
8068 
8122 
8136 
8417. 
18042 
!8045 

166.75 
12.24 
9.34 

19.91 
10.03 
10.92 
17.25 
14.64 
4.38 
2.73 
6.45 

11.66 
20.11 
36.57 

5.04 
13.25 
86.40 
6.33 

60.11 
2.48 
6.76 
8.63 

12.06 

Tested 
Ex-Equipment 

4CX250B 5. 75 

2.1i 
2.65 

TBAS30 2.28 
TBA540Q 2.65 
TBA550Q 3.70 
T8A560CQ 

T8A673 
T8A700 
T8A720Q 
T8A750Q 
T8A800 
T8A920 
T8A920Q 
T8A990Q 
TCA270Q 
TCA760A 

3.70 
2.52 
1.75 
2.65 
2.38 
1.38 
3.34 . 
3.34 
3.34 
3.34 
1.59 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 

Open to callers Monday-Friday 9 a.m.-5 p .m . 

www.americanradiohistory.com

www.americanradiohistory.com
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VALVES Minimum 
Order£1 

VALVES VAT 
IS INCLUDED 
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_
30 

1.85* 6l7G 0.65 7581 1.25 SN54196J 1.20 EF85 0.60 PFL200 
1

_
10 

2K25 11.90 6l18 0.70 75C1 1 70 SN7407N 0.29 m~ . ~:~~ Pl36 ug iHz i:~ !~~~ ~:~ ;~ g:: ~~~~~~p H! m~ ~ .50 PL81 0.85 306 o·50 607G ~:~ :gA2 r: SN7453N 0.18 EF95 o::g ~t~~ 0.70 3022 23:00 6SA7 1.00 211.Ss90* ~~~447L473NN 00 .. 3308 EF96 0.60 "PLB4 °·60 3E29 19.00 6SG7 1.15 723AIB EFl 83 0,81! PLS04 °·95 354 0.60 6SJ7 1.05 B07 1:zs SN7485N 0.95 EF184 0.80 Pl508 ~-~ 4832 18 25 6SK7 0.95 813 14.80 ~~j449l1BA5NN 01.3210 EF804 4.95 Pl509 . 5BI254M 16 90 6SL7GT 0.85 8298 14 00 EF812 0.75 PLSlS ~-~~ 5BI255M 14.50 6SN7G'r 0.80 832A 8:90 g~~\22;% g-~ ~~~00 ~:=~ P~802 3:20, §~~~5BM ~~.: ~~~j ~:~ :~: 3.80 SN15836N o.
26 

El32 1.10 ~y~ 0·70 5R4GY 1.80 6V6G 1.50 931A 1;~ ~~j~6~~ ~ :~g 
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m64 ~:~ :~~:::::14:40 !!~i ~:* ,~2 ~:E ~~ i:S ::~:10
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VALVES ~NO TRANSISTORS FIELD TELEPHONES TYPE "J" ;;~i~~~9393~~~~d~5a~'d'e~g~~~.Sos~~tors, etc : Tropical, in metal cases. • 

G<;~ i ger Muller Tubes GM4. MX120/01 and others. 
PRICES MAY VARY 

~~~A~f!n~tP~gf6_TESnNG Transceivers A40, 
~Ary,N~SS .. "A': 8t "B" CONTROL UNITS "A" " R" 
fr!~es~:~rri~~~~~f.~~~-es No 5, 6, 7 connectors, 
DRUM C~BLE continuous connection YC 00433. 

COLOMOR 
(ELECTRONICS LTD.) 

170 Goldhawk Rd., London W.12 

10-LINE MAGNETO 
SWITCHBOARD. Can work with 
every type of magneto tele
phones. 

POSTAGE: £1-£3 45p· £3-£5 55p · 
£5-£10 60p; £10-£15 75p; £15: 
£20 90p; over £20 free. 

Tel. 01-743 0899 
or 01-749 3934 

Open Monday to Friday 
9 a.m.-5.30 p.m. 
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... -•MORE SPEC. FOR YOUR MONEY--... 
TYPE 747 UNIVERSAL COUNTER TIMER 

DC to 150M Hz 8 DIGITS, 3 CHANNELS 
MEASURES

FREQUENCY Ch A and Ch C 
PERIOD Ch A 
TIME :!: Ch A to ± Ch B 
PULSE WIDTH Ch A+ or -
COUNT Ch A (may be gated 

and reset by B & C) 
AVERAGES 1 to 1000 events & 3.50 carriage. ins. etc. 

TYPE 745 COUNTER TIMER 
DC to 32MHz 

MEASURES

FREQUENCY 

PERIOD 

TIME 

5 DIGITS 

r;::to COUNT 
£116.38 6 GATE TIMES/TIME UNITS 

& £3 carriage. ins. etc. 10 11S to 1S 

TYPE 746 AUTORANGING FREQUENCY METER £84.88 
1Hz to 99 .9KHz 

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

OMB ELECTRONICS, RIVERSIDE, EYNSFORD. KENT DA4 DAE 
Tel . Farningham (0322) 863567 

Prices , which are CWO and ex- VAT, are correct at the time of going 
to press and are subject to change without notice . 

..... __ FROM OMB ELECTRONICS __ _, 
WW - 066 FOR FURTHER DETAILS 

TV TUBE REBUILDING 
Faircrest En~ineering Ltd . manufacture a comprehensive 
range of e _qUipment for processing all types of picture tubes, 
fo~ouJ and mono: Stardard or custom built units for estab-IS e or new busme~ses . We export world-wide and have an 
excellent spares serv1ce backed by a strong technical team . 

Full training courses are individually tailored- to customers ' 
requirements . 

.For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING l TO. 
4 Union Road, Croydon, CRO 2XX 

01-684 1422/01-684 0246 

NEW! 
Hitachi Oscilloscopes. ?O~bine the very highest levels of 
p~rf?rman~e and spec1f1cat1on with quality that is unmatched w1thm the mdustry. 
The ~omprehensive range starts with the very low c~st 15M Hz dual trace V-15_2, and ex~~nds to the superb 1 OOMHz quadtrace V-1 050 w1th a spec1f1cation that is amazing for its price. 
H~tachi 'scopes carry a two-year warranty, are supplied complete With probes, and we hold them in stock for immediate delivery. 
For full_ colou_r brochures giving detailed technical specifications and pnces, nng 0480 63570 

Reltech Instruments 46 High Street, Solihull, w. Midlands. 891 3TB. 

WW -073 FOR FURTHER DETAILS 
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THE EXHIBITION FOR THE ELECTRONICS ENTHUSIAST 
COMPUTERS• AUDIO• RADIO• MUSIC• LOGIC• TEST GEAR• CB• GAMES• KITS 

Wednesday 11th November 10 a.m.-6 p.m. Thursday· 12th November 10 a.m.-8 p.m. Friday 13th November 10 a.m.-6 p.m. Saturday 14th November 10 a.m.-6 p.m. Sunday 15th November 10 a.m.-4 p.m. 

COMPONENTS• DEMONSTRATIONS• SPECIAL OFFERS• MAGAZINES• BOOKS 

4Any one of the 17,000 people who thronged 
the RHS for the Breadboard exhibition last 
year will need no introduction to this year's 
premier show for the electronics enthusiast. 
They already know all about the 
demonstrations, bargain sales, bookstalls, 
games, kits, computers and music machines 
to be found at BREADBOARD 81. They could 

· name you all the lea_ding companies who 
were there to see ~ and to buy from, at 
fantastic prices . 
Even those lucky l7,0JO would be surprised 
to hear that this year we've improved 
BREADBROAD still further! More stands , 
more demonstrations and wider gangways to 
make it all easier to enjoy! 
BREADBOARD 81 is the place to be from 
November llth to 15th at the RHS Hall. Why 
not come and find out for yourself how much 
you missed last year? We can promise plenty 
to see and do at BREADBOARD 81. 
Close to Victoria Station and NCP car 
parking facilities. 

Cost of entry will be £2.00 for adults and 
£1.00 for children under 14 yrs and O.A.P.s. 

ORGANISED BY MODMAGS LTD., 145 
CHARING CROSS ROAD, LONDON WC2H OEE. 

ROYAL HORTICULTURAL SOCIETY'S 
NEW HALL, GREYCOAT STREET, 
WESTMINSTER, LONDON S.W.l. 

r------------------------, I 
To avoid queueing. advance ticketll will be available from . I Advance Tickets BB '81, 1 Modmags Ltd. 145 Charing Cross Road, 1 

I 
London WC2H OEE. 

I 1 • •special Advance Booking Price • • I I Adults £1.75 Children under 14 yrs an·d O.A.P.s BOp I 
l Please send .•.... tickets@ £1.75 .. ... . tickets@ BOp I 
I To: .. .. - . . . . ..... . ... .. .... . . .. ." ............... ·.·..... .. .. . .. I · 
I ... .... .. ... ..... ..... ........ _.. ... ....... ... ...... .... .... I I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 
I · · · · · · · · · ·· · · · · · · · ·- · · ·- · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · i I r enclose PO/ cheque for £ . . . . . . . . . .. I I Advance tickets MUST be ordered BEFORE 20th October 1981. . . I 
~------------------------WW - 059 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com
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TEST INSTRUMENTS 
THAN DAR 

Digital Multimeters (LED): 
PDM35 £34.50 DM235 £52.50 
Digital Multimeters (LCD): 
TM351 £99.00 TM352 £49.95 
TM353 £75.00 TM354 £39.95 

Pulse Gen: TG105 £85.00 
Oscilloscope: SC 110 £139.00 
Pre-Scaler: TP600 £37.50 
Function Gen: TG100 £79.00 

(SC110 

Frequency meters : 

PFM200 £49.80 TF040 £110.00 
TF200 £145.00 

P&P - £1.00 

SABTRONICS KITS -
Digital Multimeters : 

2015A (below) £82.00 

2037 A £82.00 

SAFGAN DUAL TRACE SCOPES 
DT-410 £169 DT-412 £175 DT-415 £188 
Pro~e (X1-REF-X10) - £11.50. P&P £3.50 or parcel 
serv1ce £6.50 (+VAT) 

--- ---------·----.... 
Many more instruments available from all these ranges 
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Happy Memories 
· Part Type 
4116 200ns 
4116250ns 
2114 200ns Low power 
2114 450ns Low power 
4118 250ns 
6116150ns CMOS 
2708450ns 
2716 450ns 5 volt 
2716 450ns three rail 
2732 450ns Intel type 
2532 450ns Texas type 

1 off 
.95 
.85 

1.30 
1.25 
3.45 
8.75 
2.40 
2.65 
7.40 
5.40 
5.40 

50-99 
.85 
.75 

1.20 
1.15 
2.95 
8.25 
2.25 
2.40 
7.00 
4.95 
4.95 

100up 
.75 
.65 

1.10 
1.05 
2.75 
7.95 
2.15 
2.20 
6.75 
4.65 
4.65 

Z80A-CPU £5.25 Z80A-P10 £4 .. 75 Z80A-CTC £4.75 

Low profile IC sockets : Pins 8 14 16 18 20 22 24 28 40 
Pence9 10 11 14 15 18 19 25 33 

Soft-sector~d floppy discs per 10 in plastic library case: 
5mch SSDD £17 5 inch DSDD £21 

8 inch SSSD £21 8 inch SSDD £26.65 
8 inch DSDD £31.75 

7~LS series ~L, large stocks at low prices with DIY 
d1scounts startmg at a mix of just 25 pieces. Write or 

'phone for list. 

ADD 15% VAT ON ALL PRICES 

All prices correct at 1-8-81 E&OE 
Cash with order or Credit Card 

>-----C-~TALOGUE AVAILABLE (30p) 

Please add 30p post & packing to orders under £15 and 1 

VAT to total 
Access & Barclaycard welcome. 
24-hr. service on (054 422) 618 

Government & Educations orders welcome £15 

l-
DAROM SUPPLIES 

Open: Mon.-Fn 9 00 a:m.-5.30 p.m. 
Callers welcome 

4 Sandy Lane, Stockton Heath 
WARRINGTON, WA4 2A Y, CHESHIRE 

Telephone: (0925) 64764 

. ---·----·-·---------------

WW-039 FOR FURTHER DETAILS 

minimum ' 
:rrade acc~unts operated, 'phone or write for details 

Pnces are still tending to drop, 'phone for a quote before 
you buy 

HAPPY M EMORIES {WW) 
GLA DESTRV, KINGTON 

HEREFORDSHIRE HRS 3NV 
Tel. (054 422) 618 or 628 

Sowter Transformers 
With 40 years' experience in the design and manufacture of several hundred thousand tranformers 

we can supply 

AUDIO FREQUENCY 
TRANSFORMERS OF EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES: 
Microphone transformers (all types), Microphone 
Splitter/Combiner transformers, Input and Output 
transformers, Direct Injection transformers for Gui
tars, Multi-Secondary output transformers, Bridging 
transformers, Line transformers, Line transformers to 
G.P.O. Isolating Test Specification, Tapped impedance 
matching transformers, Gramophone Pickup transfor
mers, Audio Mixing Desk transformers (all types), 
Miniature transformers, Microminiature transformers 
for PCB mounting, Experimental transformers, Ultra 
low frequency transformers, Ultra linear and other 
transformers for Transistor and Valve Amplifiers up to 
500 watts, Inductive Loop transformers, Smoothing 
Chokes, Filter, Inductors, Amplifier to 100 volt line 
transformers (from a few watts up to 1,000 watts), 100 
volt'line transformers to speakers, Speaker matching 

transformers (all powers), Column Loudspeaker trans
formers up to 300 watts or more. 
We can design for RECORDING QUALITY, STUDIO 
QUALITY, HI-FI QUALITY OR P.A. QUALITY. OUR 
PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLy 
LARGE OR SMALL QUANTITIES AND EVEN SINGLE 
TRANSFORMERS. Many standard types are in stock 
and normal despatch times are short and sensible. 
OUR CLIENTS COVER A LARGE NUMBER OF BROAD
CASTING AUTHORITIES, MIXING DESK MANUFAC
TURERS, RECORDING STUDIOS, Hl-FI ENTHU
SIASTS, BAND GROUPS AND PUBLIC ADDRESS 
FIRMS. Export is a speciality and we have overseas 
clients in the COMMONWEALTH, EEC, USA, MIDDLE 
EAST, etc. Send for our questionnaire which, when 
completed, enables us to post quotations by return. 

E. A. Sowter Ltd. 
Manufacturers and Designers 

E. A. SOWTER LTD. (Established 1941), Reg. No. England 303990 
The Boat Yard, Cullingham Road, Ipswich, IP1 2EG, Suffolk, P.O. Box 36, Ipswich, IP1 2EL, England 

Phone: 0473 52794 & 0473 219390: Telex: 987703G SOWTER . . .. 
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TRANSISTORS 
BC207 
BC208 
BC209 
BC212 
BC212L 
BC212LB 
BC213 
BC213L 
BC213LB 
BC214 
BC214L 
BC214LB 

'BC237 
BC237A 
BC237B 
BC237C 
BC238 
BC23RA 
BC238B 
BC238C 
BC251A 
BC251B 
BC252A 
BC252B 
BC257 
BC258 
BC260 
BC261A 
BC261 B 
BC262B 
BC263 
BC264 
BC268 
BC300 
BC301 
BC302 
BC303 
BC304 
BC307 
BC308 
BC309 
BC313 
BC315 
BC317 
BC3·18 
BC319 
BC320 
BC322 
BC323 
BC327 
BC328 
BC337 
BC338 
BC347 
BC348 
BC350 
BC351 
BC407 

0.09 
0.09 
0.09 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.08 
0.09 
0.09 
0.09 
0.09 
0.09 
0.10 
0.15 
0.15 
0.16 
0.16 
0.14 
o.2o · 
0.20 
0.28 
0.28 
0.28 
0.26 
0.28 
0.08 
0.08 
0.08 
0.20 
0.20 
0.15 
0.15 
0.12 
0.12 
0.12 
2.00 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 
0.09 

AC125 
AC126 
AC127 
AC128 
AC127K 
AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC151 
AC153 
AC176 
AC176K 
AC187 
AC188 
AC187K 
AC188K 
AD140 
AD141 
AD142 
AD143 
AD149 
AD161 
AD162 
AD161 / 

162 
ACY39 
ACY40 
ACY44 
AF106 
AF109 
AF12Ll; 
AF125 -
AF126 
AF127 
AF139 
AF239 
AU106 
AU107 
AU110 
AU113 
BC107 
BC107A 
BC107B 
BC108 
BC108A 
BC108B 
BC108C 
BC109 
BC109A 
BC109B 
BC109C 
BC113 
BC114 
BC115 
BC116A 

0.20 BC117 0.17 
0.20 BC 119 0.18 
0.15 BC 125 0.11 
0.18 BC 126 0.11 
0.20 BC140 0.19 
0.27 BC141 0.19 
0.20 BC142 0.20 
0.27 BC 143 0.20 
0.20 BC147 0.07 
0.27 BC147A 0.07 
0.20 BC147B 0.07 
0.20 BC147C 0.07 
0.20 BC 148 0.07 
0.27 BC148A 0.07 
0.20 BC148B 0.07 
0.20· BC148C 0.07 
0.27 BC149 0.07 
0.27 BC149A 0.07 
0.40 BC149B 0.07 
0.60 BC149C 0.07 
0.70 BC157 0.08 
0.70 BC158 0.08 
0.48 BC159 0.08 
0.22 BC160 0.26 
0.22 BC161 0.26 

BC167 0.09 
.45 BC168 0.09 

0.30 · BC169 0.09 
0.20 BC170A 0.05 
0.20 BC1708 0.05 
0.28 BC170C 0.05 
0.28 BC171 0.07 
0.20 BC171A 0.07 
0.20 BC171B 0.07 
0.20 BC172 0.07 
0.20 BC172A 0.07 
0.30 BC172B 0.07 
0.32 BC172C 0.07 
1.90 BC 1738 0.09 
1.30 BC174 0.08 
1.40 BC177 0.15 
1.80 BC177B 0.15 
0.09 BC178 0.15 
0.09 BC179 0.15 
0.09 BC182 0.07 
0.09 BC 1828 0.07 
0.09 BC182L 0.07 
0.09 BC182LB 0.09 
0.09 BC183 0.08 
0.09 BC183L 0.08 
0.09 BC183LB 0.08 
0.09 BC 184 0.08 
0.09 BC184L 0.08 
0.10 BC184LB 0.08 
0.10 BC204 0.09 
0.10 BC205 0.09 
0.11 BC206 0.09 

LOW PROFILE 
D.I.L. SOCKETS 
8 PIN 

14 PIN 
16 PIN 
18 PIN 
20 PIN 
22 PIN 
24 PIN 
28 PIN 
40 PIN 

0.08 
0.09 
0.10 
0.14 
0.16 
0.20 
0.20 
0.22 
0.28 

LM323K 
LM324N 
LM340T12 
LM348 
MC1307P 
MC1310P 
MC1327P 
MC1330 
MC1355 
MC231B 
ML232B 
SAS560S 
SAS570S 
SAS580S 
SAS590S 

BC408 
BC409 
BC413 
BC417 
BC418 
BC427 
BC440 
BC441 
BC460 
BC461 
BC477 
BC478 
BC537 
BC547 
BC548 
BC548B 
BC548C 
BC549 
BC549A 
BC5498 
BC549C 
BC550 
BC557 
BC558 
BC559 
BCY56 
BCY58 
BCY70 
BCY71 
BCY72 
BD115 
BD124P 
BD1 31 
BD132 
BD133 
BD135 
BD136 
BD 137 
BD 138 
BD 139 
BD140 
BD 150 
BD159 
BD175 
BD 176 
BD 182 
BD201 
BD202 
80203 
BD204 
BD223 
BD224 
BD233 
BD234 
BD235 
BD236 
BD237 
BD238 

0.11 
0.11 
0.11 
0.11 
0.11 
0.11 
0.22 
0.22 
0.30 
0.30 
0.20 
0.20 
0.09 
0.09 
0.09 
0.09 
0.09 
0.07 
0.07 
0.07 
0.07 . 
0.07 
0.06 
0.07 
0.07 
0.25 
0.25 
0.15 
0.15 
0.15 
0.24 
0.56 
0.30 
0.30 
0.37 
0.24 
0.24 
0.24 
0.24 
0.24 
0.24 
0.40 
0.40 
0.30 
0.30 
0.65 
0.50 
0.50 
0.50 
0.50 
0.40 
0.40 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 

BD239 
BD240 
BD241A 
BC241B 
BD241C 
BC433 
BC434 
BC435 
BC436 
BC437 
BC438 
BC439 
BC517 
BC518 
BC519 
BC937 
BC945 
BC950 
BDX32 
BF115 
BF121 
BF123 
BF127 
8F137 
BF152 
BF157 
BF160 
BF167 
BF173 
BF177 
BF178 
BF179 
BF180 
8F181 
BF182 
BF183 
BF184 
BF185 
BF194 

. BF195 
BF196 
BF197 
BF198 
BF199 
BF200 
BF224 
BF240 
BF241 
BF243 
BF244B 
BF245 
BF245A 
BF245C 
BF254 
BF255 
BF256 
BF257 
BF258 

0.30 
0.32 
0.30 
0.30 
0.30 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.50 
0.55 
0.55 
0.55 
0.40 
0.40 
0.40 
1.20 
0.20 
0.18 
0.18 
0.18 
0.30 
0.09 
0.30 
0.20 
0.20 
0.20 
0.26 
0.26 
0.26 
0.20 
0.20 
0.20 
0.20 
0.26 
0.26 
0.11 
0.11 
0.08 
0.09 
0.08 
0.08 
0.20 
0.15 
0.12 
0.12 
0.26 
0.20 
0.20 
0.22 
0.24 
0.09 
0.09 
0.22 
0.27 
0.27 

BF259 0.27 
BF271 0.24 
BF273 0.12 
BF308 0.30 
BF336 0.32 
BF337 0.27 
BF338 0.27 
BF355 0.37 
BF380 0.30 
BF451 0.10 
BF457 0.30 
BF458 0.30 
BF459 0.30 
BF523 0.15 
BF594 0.20 
BF595 0.20 
BF596 0.20 
BFR40 0.22 
BFR91 1.20 
BFX29 0.25 
BFX37 0.20 
BFX48 0.40 
BFX84 0.24 
BFX86 0.20 
BFX87 0.22 
BFX88 0.22 
BFX89 0.38 
BFY34 0.40 
BFYSO 0.20 
BFY51 0.20 
BFY52 0.20 
BFY56 0.40 
BFY90 0.50 
BR100 0.19 
BR101 0.28 
BRC4443 0.80 
BRY39 0.30 
BSX52 0.20 
BSY84 0.20 
BSY95A 0.20 
BT106 1.00 
BT119 1.00 
BT120 1.00 
BT116 1.20 
BU105 1.10 
BU108 1.40 
BU124 1.00 
BU126 0.90 
BU133 0.98 
BU204 1.30 
BU205 1.10 
BU207 0.70 
BU208 1.00 
BU208A 1.20 
BU208/02 1.80 
BU326A 1.30 
BU406 1.00 
BU407 1.00 

BU500 
BUY69A 
C106D1 
OC28 
OC35 
R2008B 
R2010B 
R1038 
R1039 
R2029 
R2322 
R2773 
TIP29 
TIP29A 
TIP29B 
TIP29C 
TIP30 
TIP30A 
TIP30B 
TIP30C 
TIP31A 
TIP31B 
TIP31C 
TIP32 
TIP32B 
TIP32C 
TIP33B 
TIP34 
TIP35 
TIP36 
TIP41C 
TIP42C 
TIP47 
TIP2955 
TIP3055 
2N696 
2N697 
2N698 
2N706A 
2N708 

' 2N918 
2N930 
2N1131 
2N1132 
2N1613 
2N1711 
2N2102 
2N2160 
2N2219A 
2N2222A 
2N2369 
2N2484 
2N2646 
2N2904 
2N2905 
2N2906A 
2N2907A 
2N2926 

2.00 
1.75 
0.24 
1.00 
1.00 
1.50 
1.50 
1.00 
1.50 
1.50 
1.00 
0.50 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.35 
0.40 
0.40 
0.42 
0.55 

. 0.80 
1.50 
1.00 
0.40 
0.40 
0.60 
0.80 
0.60 
0.25 
0.23 
0.35 
0.28 
0.28 
0.35 
0.18 
0.35 
0.35 
0.23 
0.23 
0.65 
3.50 
0.22 
0.22 
0.20 
0.28 
0.38 
0.28 
0.28 
0.28 
0.28 
0.09 

5.00 SN76003N ~ :~~ I.C.s LINEAR i~!~~g 1.20 SN76013N 
0.70 SN76023N 1.10 TBA530 0.90 TBA990 . 
1.00 SN76110N 0.70 TBA5300 0.90 TBA9900 
1.00 SN76227N 1.00 TBA540 0.90 TCA270 
1.00 SN76660 0.50 TBA540Q 0.90 TCA270SQ 
0.90 TAASSOB 0.20 TBA550 . 1.20 TCABOO 
1.00 TAA621AX1 0.70 TBA550Q 1.20 TDA440 
1.00 TAA661A 2.00 TBA560Q 1.20 TDA1004A 
1.50 TAA6618 0.90 TBA57o · 1.00 TDA1170 
1.50 TBA120B 0.60 TBA750AQ 1.70 TDA1190 
1.50 TBA120SB 0.60 TBA800 0.60 TDA1327 
1.50 TBA120S 0.60 TBA810S 1.00 TDA1352 
2.20 TBA120AS 0.60 TBA810AS 1.00 TDA1412 
2.20 TBA520 0.90 TBA820 1.00 TDA2020 

MAINS TRANSFORMERS AC SPEED CONTROL 
MODULE FOR HOOVER 

WASHING/MC 
£12.00 

15-0-15V 
0.9V3AMPS £4.00 ea. 

BZY88 SERIES 

2N3053 
. 2N3054 
2N3055 
2N3442 
2N3553 
2N3565 
2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3711 
2N3773 
2N3819 
2N3866 
2N3903 
2N3904 
2N3905 
2N3906 
2N4037 
2N4058 
2N4061 
2N4062 
2N4125 
2N4143 
2N4250 
2N4400 
2N4402 
2N4403 
2N4416 
2N4441 
2N4443 
2N4900 
2N4922 
2N5060 
2N5088 
2N5105 
2N5195 
2N5298 
2N5447 
2N5449 
2N5458 
2N5485 
2N5486 
2N5490 
2N5496 
2N5551 
2N6109 
2N6123 
2N6386 
2SC1172 
2SC1306 
2SC2028 
2SC2029 
2SC2078 

0.28 
0.60 
0.45 
1.20 
2.20 
0.20 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
0.10 
3.00 
0.20 
0.60 
0.15 
0.15 
0.18 
0.18 
0.60 
0.11 
0.16 
0.16 
0.20 
0.20 
0.18 
0.10 
0.10 
0.12 
0.50 
1.00 
1.10 
1.50 
0.50 
0.20 
0.20 
0.50 
0.40 
0.50 
0.09 
0.09 
0.30 
0.34 
0.30 
0.50 
0.70 
0.15 
0.44 
0.40 
0.90 
1.50 
1.00 
1.00 
2.00 
1.70 

1.20 TDA2030 
1.50 TDA2522 
1.30 TDA2523 
1.30 TDA2530 
0.60 TDA2532 
1.00 TDA2540 
1.20 TDA2541 
1.75 TDA2560 
1.70 TDA2581 
1.80 TDA2593 
2.00 TDA2600 
1.20 TDA2640 
1.20 TDA3950 
0.80 
2.00 

DIODES 
AA119 
BY127 
BY206 
BY210 
BY254 
BY298 
BY299 
BYX10 
BYX36-150 
OA47 
OA81 
OA85 
OA90 
OA91 
OA95 
OA200 
OA202 
1N914 
1N4148 
1N4001 
1N4002 
1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N5401 
1N5402 
1N5403 
1N5404 
1N5405 
1 N5406 
1 N5407 
1N5408 

0.06 
0.10 
0.14 
0.50 
0.20 
0.50 
0.50 
0.21 
0.20 
0.10 
0.10 
0.12 
0.07 
0.07 
0.07 ' 
0.09 
0.09 
0.35 
0.03 
0.04 
ll.06 
0.06 
0.06· 
0.05 
0.05 
0.06 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 

' 0.14 

SOLDERING 
IRONS 

WELLER 
MARKSMAN 

15W £4.00 
25W £4.00 
40W £4.80 

WELLER CORDLESS 
100W £23.90 

2.50 
1.50 ICs DIGITAL 1.50 
1.40 
2.00 4001BP 0.15 4070 0.20 
1.50 4007 0.15 4071 0.20 -
2.00 4011 0.15 4075 0.20 
2.00 4013 0.30 4082 0.20 
1.20 4016 0.30 4501 0.20 
2.40 4028 0.40 4502 0.45 
2.90 4049 0.28 4511 0.68 
2.40 4052 0.40 4515 1.50 
2.00 4053 0.56 4516 0.65 

4066 0.30 4518 0.60 
4069 0.16 4583 0.65 

EAGLE TD83 
TAPE DEMAGNETISER 

£2.50 

BZX61 SERIES DC SPEED CONTRO L 
MODULE FOR HOOVER 

WASHING/MC 
2V7-30V 0.06 4V7-75V £0.13 

TRANSISTOR DATA 
EQUIVALENT BOOKS 

TVT 80/81 2/SET 
£8.00 

THIS MONTH 
2114 
4116-3 

£1.90 
£1 .90 

ed 3mm LEOs 07 
Red 5mm LEOs 0 09 

SPEED 
ADJUSTMENT 

CASSETTE 

9TA-G 

SONOTONE 
.CARTRIDGE 

£17.00 

£1.00 

10 AMP MAINS FUSES 
PKT 10 £0.70 

H.E. LTD. 

. ~ 

BSR P170 
·SEMI-AUTOMATIC 

SINGLE PLAY DECK 

£12.00 

STANTON 500 EE 
CARTRIDGE 

£12.00 

EAGLE TEST LEADS TL60 
£2.00 

Minimum order [5. Trade & Export Enquiries Welcome 

Please add SOp P & P 'UK only )+ 15% VAT 

ELECTRON HOUSE, CRAY AVENUE, ST. MARY CRAY, ORPINGTON, KENT 

TELEX 896141; TEL: 0689-27099 
Accounts con be arranged for regular customers, colleges, 

SCHOOLS._C W 0 .. ETC. WELCOME 

WW - · 044 FOR FURTHER DETAILS 
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LINSLEY HOOD CA SSETTE RECORDER 2 

-· 
Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our 
VFL 910 vertical f ront mechanism and circuit modifications to increase dynamic range. Board 
layouts have been altered and improved but retain the outstand ingly successful mother-and
daughter arran11em ent used on our linsley-Hood Cassette Recorder 1. 
This latest vers10n has the followin~ extra features : Ultra low wow-and-flutter of .09% - easily 
meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto
stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latching record 
button for level setting . Dual concentric input level controls . Phone output. M icrophone input 
facili ty if required. Record interlock prevents rerecordin_g on valued cassettes. Frequency generat
ing feedback servo drive motor w ith built-in speed control for thermal stability. All these desirable 
and useful featu res added to the excellent design of the Linsley-Hood circuits and the quality of 
the components used makes this new kit comparable with built-up units of much higher cost than 
the modest. £94.90 + V.A.T. we askforthe complete kit. 

LINSLEY-HOOD CASSETTE RECORDER 1 

We are the Desig ner Approved supp liers of kits for this excellent design. The Author's reputation 
tells all you need to know about the circu itry and Hart expertise and experience guarantees the 
engrneenng desrg n of the kit. Advanced features include : High-quality separate VU meters with 
exce llent ba llrstrcs . Contro ls, swrtches and sockets m ounted on PCB to eliminate difficult wirinq 
Proper moulded escutcheon fo r cassette aperture. improves appearance and removes the need 
fo r the cassel!~ t ransport to b e set back behir;d a narrow f inger trapp ing slot. tasy to use, robust 
lenco mecha_nrsm. Swrtched bras and eq ualrsatron for drfferent tape formulations . All wiring is 
t~rmmated wrth p lugs and sockets for easy assembly and test. Sophisticated modular PCB system 

~~;:, :o:f~~~~s;hTsa:rl~-~~ti~a~i~~ i~;t~~ t~a~~~~ !',~~hi~~~u ~8e8du~e~o a:x~~: c~st1~se o~i(l~~~~:~~ 
~~ £~~n~~~ ~1~y super head, ava ilab le separately at £8.20 but included free with the complete kit 

Reprints of the 3 original articles describing this design 45p. No VAT. 
Reprrnt of the subsequent postscript article 30p. No VAT. 

Part Cost of Post, Packing and Insurance 

Order up to £10 - 50p 
Orders £10 to £49 -- £1 
Over£50 -· £1.50 

Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and 
price breakdown s. 

Instant easy order ing , telephone your 
requirem ents and credi t card number to us on. 

Oswestry (069 1) 2894 

Wirewound Ceramic Resistors 
Axial or vertical mounting 
5w-17w OR5-39K 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

from £9.35 
per100 

Cable Sleeves and Markers f rom 
£1.38 per 1 ,000. 
Crimp Terminals from £9.60 per 
1,000. 
Audible Warning Devices. Buzz
tone, Bleeptone, Banshee, Bed
lam, etc, from £1.14 each . 
Self-adhesive Pcb guides from 
£5.04 per 100. 

from £3.15 per 100. 

Carbon Film Resistors 
(Send for lists of values 

available) 

%w 
5% £2 per 

1,000 

Carriage & VAT extra 
lfsw, 1f2w, 1w also available 

PBRA LTD. 
Golden Green, Tonbridge 
Kent TN 11 OLH 
Hadlow (0732) 851 34 5 
M ember Crystalat e Group 

WW - 058 FOR FURTHER DETAILS 
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LINSLEY-HOOD 300 SERIES AMPLIFIERS 

f"'· ~' "(' t · • (' 

r' 

These latest designs from the drawing board of John Linsley -Hood, eng ineered to the very 
highest standard, represent the very best that is available on the kit market today. The delicacy 
and transparency of the tone quality enable these amplifiers to outperform, on a side-by-side 
comparison, the bulk of amplifiers in the commercial market-place and even exceed the high 
standard set by his earlier 75-watt design. 
Three versions are offered, a 3Qcwatt with Darlington output transistors, and a 35- and 45-watt, 
both with Mosfet output devices. All are of identical outside appearance which is designed to 
match and stack with our'Linsley-Hood cassette recorder 2. 
As w ith all Hart kit s the constructors interests have been looked after in a unique way by reducing 
the conventional (and boring) w iring almost to the point of extinction. 
Any of these kits represents a most cost-effective route to the very highest sound quality with the 
extra bonus of the enjoyment of bui lding a sophisticated p iece of equipment. 
30-watt Darlington amplifier, fully integrated w ith tone controls and magnetic pick-up facility. 
Total cost of all parts is £81 .12. Special offer price for complete kits £72. 
35-watt Mosfet amplifie r. Tota l cost of parts £98.41 . Special offer for complete kits, £87.40. 
45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer pr ice·fo r complete kits £94.80. 
Reprints of origin&! Articles from Hi-Fi News 50p. Post free. No VAT. 
Reprints of MOSFET article 25p. No VAT. Post free. 

FEED YOUR MICRO BYTES 
WITH OUR 

SOLENOID CONTROLLED CASSETTE DECK 

Front loading deck with full solenoid control of all functions inc luding optional search in fast w ind 
modes. 12 volt operation. Fitted 3-d igit memory counter and Ha ll IC Mot ion Sensor. Standard 
erase and stereo RIP Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full 
technical specification included . 

HART TRIPLE-PURPOSE TEST CASSETTE TC1 
One inexpensive test cas~e'tte enables you to set up VU level , head azimuth and tape speed . 
Invaluable when fitting new heads. Only £2.70 plus VAT. and SOp postage. 

CASSETTE HEADS 
HS16 SENDUST ALlOY SUPER HEAD. Stereo RIP. Longer life than Permalloy. Higher output than 
Ferrite. Fantastic frequency response. Complete w ith data ......... .. .. ... .. ........ .. .... .. ............... .. ... ...... £8.20 
HC20 Stereo Permalloy RIP head for replacement uses in car players, etc .. . £4~25 
HM90 Stereo RIP head fo r METAL tape. Complete with data .... .. ...... ... .... .. ....................... .. ....... £7.20 
H561 Special Erase Head for METAL tape .. .. .. .. .. .. .. .. .. ... .... .. . . .... .... .... .. . ... .... ...... .. .. .......... . £4.90 
H524 Standard Ferrite Erase Head . .. .... ......... .. .. ........ ............... ... . .... .. .. . .... .. .... . £1 .50 
4-Track RIP Head. Standard Mounting .......... ... £7.40 
R484 212 (Double Mono! RIP Head. Std . Mtg .. .... .. .. ...... .. ........ .. .................. ...... .. ................... .... £4.90 

_ME151 212 Ferrite Erase. la rge Mtg . .. .......... ..... .. .... £4.25 
CCEI8M 212 Erase. Std. Mtg. ... .... .. . . .. ............. ... £7.90 

A ll pr ices plus VA T 

P.&R. COMPUTER SHOP 
. IBM GOLFBALL PRiNTER 3982, £70 

EPSON MX-80 80.GPs 3982 IBM 1/0 PRINTERS DOT 
MATRIX PRINTER WITH SPECIAL INTERFACES. 
VDUs, ASCII KEYBOARDS, ASR, KSR, TELETYPES, 
PAPER TAPE READERS, PAPER TAPE PUNCHES, 
SCOPES, TYPEWRITERS, FANS 4" 5" 6". POWER 
SUPPLIES, STORE CORES, TEST EQUIPMENT AND 
MISCELLANEOUS COMPUTER EQUIPMENT. 
OPEN: MONDAY TO FRIDAY 9 a.m.-5 p.m., 
SATURDAY TILL 1 p.m . 

COMEANDLOOKAROUND 
SALCOTT MILL, GOLDHANGER ROAD 

HEVBRIDGE, ESSEX 
PHONE MALDON (0621) 57440 
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SCOOP 
ONLY Professional ASCII Keyboards 
£29.95 

The 'CHERRY' I ,-~~·· ' •. ' ~-·-:-Computer I •• ~ •' • • : .. · • ·." • ::1 ·,'. - · 
K yboard ""1 • ~ o_ ' c " ~ ' _, - I, - .-

. ~~~:\~~Os'~ROBE ' C:IP BY GENERAL ; ~ • • ~ ; 
+V.A.T 

'I 

+5V- 12V. INSTRUMENT (G I) 
·FULL ASCII TIL OUTPUT • ES CAPE. SHIFT. Ideal for use with TANGERINE, 

CHARACTERS • SUPERBLY MADE RETURN & RESET TRITO N, TUSCAN, APPLE and most 
·PARALLEL OUTPUT SIZE 13 x 55 x KEYS computers. Ex-Stock from HENRY'S 

WITH STROBE 1.5 i ns 

• POWER LIGHT ON • BLACK KEYS WITH 
• CONTROL. REPEAT ~~~~:~fEE~~~~~~~~eE:~:~~r/JE\~yi n 

CO~TROL WHITE LEDGENS 
& BELL manufacturers origmal pack ing. Just posr 
Complete with DATA remittance total £35.95/inc/ V.A.T. & Post! 

The 74pple' Power Suitable for use with 
most computers A PROFESSIONAL BUlL T & TESTED, CASED & 

VENTILATED POWER UNIT WITH BUILT IN OVERLOAD 
& CUT OUT PROTECTION CIRCUITS 

: SPECIFICATIONS 
Input voltage: 21 0-250v 
Supply voltages : +5 D. 
+118: - 12 0: - 5.2 
Power consumption · 60 
watts max. (lui/ load! 
Full load power output 
+5v: 2.5 amp; - 5v : 250ma: 
+1 2v: 1.5 amp: -12v· 250ma 
S12e· 10" x 3:V<'x 21t,"' 

Weight (Approx.) 3/bs 

The Apple Power Supply rs a high-voltage 
"swrtchrng" powersupply While most 
other power supplies usea la rge 
transformerwtthmanyw tndtngs to 
convert the rn put voltage into many lesser 
voltages and then rect ify and regulate 
these lesser vol tages. the Apple Power 
Supply firs/ convens the AC/ine voltage 
into a DC voltage. and then uses thiS DC 
voltage to dr ive a high-frequency 
osc illator. The ou tput ol this oscrllator rs 
fedintoasmalltransfo rmerwtth many 

Complete with full data ::~~:~~~ .:~·~~~~~~~~~~~~.~he secondary 

& information - PREVENTS DAMAGE & RETURNS UNIT TO 
Supplied brand new ' NORMAl WORKING CONDITIO NS 

I.T.T.2020 CABINET 
Complete PROf ESSIONAl Case 

beaut ilullyconstructed wi th cut ~~~··· 
amp l e0r~~~~r,~nheo~~~E:~6~~yl~~~rM~~M ' C HERRY' ADD-O N K EYPAD 

and our power supply complete with l rtt rngs (Case A compact 12 button keypad suitable for use 
top detachable 1. Unrt rs srlver-grey rn colour Rohus_t with Cherry keyboard to extend rts func t rons 

construct ion. Sloping Iron! with side ventila tion plus four extra keys. 

~~e;~~~~~~~~~~mACORN . TANGERINE A snip at £39.95 ~u~~~!~~~~~~c~~~d~ii~hg1:~~de £7.95 
Size 18" x 15 1•," x 4'•, " (Front slopes ! incl . VAT post free keyboard in sloped format + VAT 

TYPE SERIES SECONDARY RMS , 
PRICE No Volts C~ent 

1X010 6 + 6 2.50 

30vA 1X011 9 + 9 1.66 
IX012 12 + 12 1.25 £4.48 70><30mm 1X013 15 + 15 1.00 

0.45Kg 1X014 18 + 18 0.83 + 0.87pPIP 
Regulation 

1X015 . 22+22 0.68 + 0.80p VAT 
1X016 25 + 25 0.60 

18% 1X017 30 ~ 30 0.50 

2X010 6+6 4.16 
2X011 9+9 2.77 6X012 12 + 12 9.38 50VA 2X012 12 + 12 · 2.08 6X013 15 + 15 7.50 
2X013 15 + 15 1.66 £4.93 6X014 18 + 18 6.25 80><35mm 2X0 1 ~ 18 + 18 1.38 225VA 6X015 22 + 22 5.11 0.9Kg 2X015 22 + 22 1.13 +£1.10PIP 110><45mm 6X016 25 + 25 4.50 2X016 25 + 25 1.00 + 0.90p VAT 2.2Kg. 6X017 30 + 30 3.75 

Regulation 2X017 30 + 30 0.83 6X01B 35 + 35 3.21 2X028 110 0.45 6X026 40 + 40 2.81 13% 2X029 220 0.22 Regulation 
6X025 45 + 45 2.50 2X030 240 0.20 7% 
6X028 110 2.04 

3X010 6 .. + 6 6.64 6X029 220 1.02 
3X011 9 + 9 4.44 6X030 240 0.93 

80VA 3X012 12 + 12 3.33 
7X014 18 + ,18 8.33 3X013 15 + 15 2.66 

£5.47 7X015 22 + 22 6.82 90 x 30mm 3X014 18 + 18 2.22 
7X016 25 + 25 6.00 1 Kg 3X015 22 + 22 1.81 

3X016 25 + 25 1.60 + £1 .43 PIP 300VA 7X017 30 + 30 5.00 
3X017 30 + 30 1.33 + £1.04 VAT 7X018 35 + 35 4.28 

Regulation 110 x 50mm' 7X026 40 + 40 3.75 
12% 

3X028 110 0.72 2.6Kg. 7X025 45 + 45 3.33 3X029 220 0.36 
7X033 50+ 50 3.00 3X030 240. 0.33 Regulation 7X028 110 2.72 

4X010 6+6 10.00 6% 7X029 220 136 
4X011 9 + 9 6.66 7X030 240 1.25 

120VA 
4X012 12 + 12 5.00 

30 + 30 8.33 4X013 15 + 15 4.00 8X017 
4X014 18 + 18 3.33 £6.38 500VA BX018 35 + 35 7. 14 90 x 40mm 
4X015 22 + 22 2.72 8X026 40 + 40 6.25 1.2Kg 
4X016 25 + 25 2.40 + f1 .43PIP 140x60mm 8X025 45 + 45 5.55 
4X017 30 + 30 2.00 + £1. 17 VAT 4Kg. 8X033 50 + 50 5.00 

Regulation 4X018 35 + 35 1.71 8X042 55 + 55 4.54 
11% 4X028 110 1.09 Regulation 8X02B 110 4.54 

4X029 220 0.54 4% 8X029 220 2.27 
· 4X030 240 0.50 8X030 240 2.08 

5X011 9 + 9 8.89 9X017 30 + 30 10.41 
5X012 12 + 12 6.66 

625VA 9X018 35 + 35 8.92 
5X013 15 + 15 5.33 9X026 40 + 40 7.81 

· 160VA 5X014 18 + 18 4.44 140x 75mm 9X025 45 -1- 45 6.94 
5X015 22 + 22 3.63 £8.44 5.0Kg. 9X033 50 + 50 6.25 110x40mm 5X016 25 + 25 3.20 9X042 55 + 55 5.68 1.8Kg 5X01 7 30 + 30 2.66 + £1.43 PIP Regulation 9X028 110 5.68 
5X018 35 + 35 2.28 +£1.48VAT 4°/o 9X029 220 2.84 
5X026 40 + 40 2.00 9X030 240 2.60 

Regulation 5X028 110 1.45 
8% 5X029 220 0.72 

-I 

EPROM 
PROGRAMMER 

NMOS, CMOS 
10 COPY SOCKETS 

MODELS: 

S20 for copying 

S30 for copying 
and Editing 

• Displays contents of EPROMS, instruction 
· codes and failure details. 

· • Protects EPROMS. 

• Self tests automatically. 

• Simple operation for semi skil led personnel. 
• Copies from master EPROM or RAM. 

• Verifies master/copies. RAM/master, RAM/ 
copies. 

• Serial or parallel interface. 
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~ ELHH DII!I'I'HL 5Y5'1'Em5 L'I'O. 
• 16-20 KELVIN WAY, CRAWLEY, SUSSEX. RH10 2TS. 
~ TEL. CRAWLEY (0293) 510448 -

WW - 088 FOR FURTHER DETAILS 

NOW 95 TOROIDAL TYPES 
FROM 30VA TO 625VA ** I.L.P. TOROIDALS ** . £10.06 We use advanced w inding t echnoiOQY to make ~ur t o ro 1da_l tra n s-

+ f1 .73PIP . formers . They have only ha lf the wetght and hetght _o f th e 1r lam 1-
+f1.77VAT nated equival ents a n d are apprec iably more efflclen_t . Induced 

hum is reduced by a fact o r o f t e n . I.L.P. t o rotd!lls cost vt~ually the 
same ss the older typ es w h ich th ey are rapidly r~placmg . N ow 
increased p r oduction capac ity mean_s even l o w e r pnce s . 
Supplied w ith r~id mounting kit w1th centre bolt, steel and neo-
p;ene washers. UARANTEED 5 YEARS. 

CHOICE OF 3 PRIMARY INPUTS . 
I.L.P. Toroidal Transfo rmers are available in choice of 110V, 220V, £11 .66 240V, coded as follows : (Secondaries can be connected m senes 

+ £1 .73PIP or parallel). _ . .. .. . v 
+ £2.01 VAT For 11 OV Primary msert 0 m p lace o f X m type number. For 220 

Pr imary (Eu ro~e) insert 1 in p lace.?f.:'?<" in type numbe r . For 240V 
Primary (U .K .) msert 2 m pl ace of X m type n u m be r . 
Example: SOVA 240V 6+6V 4. 16A=22010. 

* C U STOMER DESIGN ENQUIRIES IN VITED. QUANTIT Y PRICE 

£15.53- LIST AVAILABLE. . 
* FREEPOST FACILITY (U .K . o nly) . Simply send your order m 

+ £2.05PIP envelope m arked FREEPOST to address below. NO STAMP +£2.64 VAT. 
REQU IRED. 

*TO O RDER Enclose Cheque/Postal Order/Money Order payable 
to I.L.P. Electronics Ltd. or quote your ACCESS OR BARCLAY-
CARD account number. VA T must be included With U.K. order. 

£21 .54 
To pay C. 0 . D. add £1 extra to TOTAL value of order. 

G O ODS DES PATCHED WITHIN 7 DAYS OF RECEIPT OF ORDER 
+ £2.20PI P , 

~-------------------------+ £3.56 VAT 
To : I.L.P . E LECTRONIC S LTD. CANTERBU RY C T2 7EP 

Please suppl y Transformer(s) .. . N o .(s) . . 

. Total purchase pri ce £ .. 

I enclose Cheque U Postal O r d e r s 0 Int ernational M oney Order 0 5X030 :?40 0.66 IMPORTANT: Regulator references - All voltages quoted are _FULL 
LOAD. Please add regu lation fi gu re to secondary voltage to obtarn off 

Also available at Electrovalue, Maplins, Marshalls, load voltage Debit m y AccessiBarc laycard A ccount N o .. . 

Technomatic and Watford Elect ronics. 
See also our ads. pages 90 and 91. 

NAM E . @ L F TRANSFORMERS (~,d~,.~~;~iRONICSLTD ) ADDRESS . 

FREEPOST T5, GRAH AM BELL HOUSE, ROPER CL OSE, CANTERBURY, CT2 7EP ·wwrsiio · . Phone (0227) 54778- Technical (0227) 64723 - T elex 965 780 Signature . 
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ANTED 
DEAD OR ALIVE * CB RADIO ACCESSORIES * RADIO TELEPHONES * AMATEUR RADIO EQUIPMENT * TEST EQUIPMENT * TRANSISTORS & SPARES 

LARGE OR SMALL QUANTITIES 
WE WILL PAY YOU TOP PRICES AND WILL COLLECT ANY-
. WHERE 

B. BAMBER ELECTRONICS 
5 STATION ROAD 

LITTLEPORT, CAMBS. 
Phone ELY (0353) 860185 

WW- 060FORFURTHERDETAILS 

TITAN TRANSFORMERS AND 

I I c COMPONENTS 
DEPT. WW, CENTRAL HALL CHAMBERS 

DUNCOMBE STREET, GRIMSBV 
SOUTH HUMBERSIDE DN32 7EG 
Mail order. Prices include 15% V.A.T. 

SIEMENS 
FLOPPY DISK DRIVES 
UNBELIEVABL V LOW 

PRICES 
Send for our catalogue 

12/24V RANGE PR1220/240V 
SEC:~~ 30/SOV RANGE PRI 120/2201240V 0 12V OV 12V 

sEc: teomogtv mtt01!Jfov CASED AUTOTRANSFORMERS TYPE AMPS PRICE PIP 240V LEAD IN :115V 2PIN SOCKET OUT 
12v 24v £ £ VOLTS 6 => 30-Q-30 

242 0.3 0.15 1.70 0.40 
TYPE AMPS 213 10.50 2.65 0.87 PRICE PIP 

71 2 1 2.77 1.10 30v 60v £ ( TYPE VA PRICE PIP 
18 4 2 3.98 1.43 124 1 0.5 3.30 1.43 
68 3 1.5 3.46 1.43 126 2 1 6.36 1.43 [ £ 
85 5 2.5 6.06 1.43 127 4 2 7.66 1.73 56W 20 6.60 0.87 
70 6 3 6.67 1.43 125 6 3 11.78 1.90 64W 80 8.43 1.43 

108 8 4 8.03 1.43 123 8 4 14.72 2.20 4W 150 10.66 1.73 
72 8.66 1.73 40 10 5 17.10 2.20 69W 250 13.17 1.90 

116 . 12 6 9.31 1.90 120 12 6 19.44 2.35 67W 500 20.46 2.20 
17 16 8 11.46 2.05 121 16 8 27.70 2.65 84W 1000 30.24 2.55 

115 20.10 13.69 2.05 122 20 10 32.05 4.00 95W 2000 54.83 5.00 
187 30.15 19.23 2.35 189 24 12 37.02 5.00 73W 3000 78.67 6.50 
232 40 20 27.61 4.50 
226 60 30 35.35 4.00 

15/30V RANGE PRI 220/240V 
48/96V RANGE PRI 120/220/240V 

sEc: tsom~zv t!~~oge~tv sEc , teoJgeouv ~J0~9~0Uv 
VOLTS 12=> 48-0-48 LINE ADJUSTMENT AUTOTRANSFORMERS VOLTS AVAILABLE 3=> 15-0- 15 t OOQOOOQOOopoOOQoOQOOO I 

TYPE AMPS PRICE PIP TYPE AMPS PRICE PIP 0 200 _2 10 220 2301.&250 

15v 30v £ £ 48v 96v £ ( 
112 1 0.50 2.84 1.10 430 1 0.5 4.69 1.43 

TYPE VA PRICE 'pfp 79 2 1.0 3.29 1.10 431 2 1 7.84 1.43 
3 4 2 8.16 1.43 432 4 2 12.94 2.05 £ ( 

20 6 3 7.19 1.73 433 6 3 14.62 2.20 415C 50 2.31 0.87 
21 8 4 8.52 1.73 434 8 4 20.04 2.45 416C 100 3.46 0.87 
51 10 5 10.57 1.90 435 10 5 28.75 2.65 417C 200 4.00 1.10 

117 12 6 11.94 2.05 436 12 6 36.16 4.00 418F 350 6.26 1.43 
88 16 8 -16.14 2.20 437 16 8 39.47 5.00 419F 500 8.74 1.73 
89 20 10 18.54 2.35 420E 750 6.33 1.90 
90 24 12 20.57 2.55 421F 1000 11.64 2.05 
91 30 15 23.63 2.65 
92 40 20 33.21 4.50 i AUTOTRAN5FORMERS 240, 220 115\1 

b~oo~~fv002b2~~oo~~bv 65VA 10kVA 

25/SOVRANGE PR1120/220/240V TYPE VA PRICE PIP 
SEC : rvofgeo~tv JJ03~0~Re0~tv £ £ ... ., .... ,.:~·:: j'JiiF.i'ii!•~: '.1::iw~, ... ,.'lf.. VOLTS OUT 5 => 25 - 0- 25 25 65 3.90 1.10 
TYPE AMPS PRICE P/P 64 80 4.82 1.10 

25v 50v ( £ 4 150 6.21 1.43 TYPE VA PRICE PIP 
102 1 0.50 3.29 1.43 69 250 7.54 1.43 £ ( 
103 2 1.0 4.09 1.43 53 350 9.73 1.90 149F 60 8.40 1.73 
104 4 2 7.65 1.73 67 500 11.70 2.20 150F 100 9.71 1.73 
105 6 3 9.09 1.90 83 750 13.51 2.05 151F 200 13.84 2.05 
106 8 4 12.24 1.90 84 1000 18.31 2.35 152F 250 16.69 2.20 
107 12 6 16.15 2.20 95 2KVA 34.36 5.00 153F 350 20.77 2.55 
118 16 8 22.46 2.55 73 3 64.74 5.00 154F 500 26.03 2.65 
119 20 10 27.05 2.55 57 5 97.85 6.50 155F 750 36.75 5.00 
109 24 12 32.44 4.50 101 10 179.05 10.00 156F 1000 47.42 6.00 

WW- 048FORFURTHERDETAILS 

Fu_lly Shuggart Compatible Siemens 8" single-sided 
dnves are available now with unbeatable prices. 
FDD 100-8 
Single Sided or 

disk 

OTHER 

Single 
250 K 

Double Density 
50 0K £263.16 

~~s~c ~~::::::::::::: :::::::::::: :: ::::: :::: ::::::::::::::::::::::::::::::::::::::£~~~:gg 
BASIC COMPILER ............................................... ............ £195.00 

I.B.S. Limited are Dealers for the new PBM: Performance 
Business Machine. (A Micro-Pro Company, the people who 
brought you Word Star.) , 
All hardw~re wit~ 5 Megabyte. Winchester hard disk, termi
nal and pnnter w1th a full range of business software avail-
able as complete package. Prices from ... ................... £6,000.00 
~l~o Onyx Z80 and Z8000 Business Computer Systems. 

nces from ................................................................... £6,250.00 

EXTRA DISCOUNT 

A FURTHER 5% DISCOUNT MAY BE DEDUCTED FROM 
PRICES SHOWN IF CASH/CHEQUE IS SENT WITH ORDER. 

ALL ABOVE f'RICESARE EXCLUSIVE OF VAT AT 15% 

IRVINE BUSINESS SYSTEMS 
P.O. BOX5 
IRVINE, AYRSHIRE 

TEL : (0294) 75000 
TELEX: 777582 

WIRELESS WORLD OCTOBER 1981 103 
.. 

~ 
PM COMPONENTS LTD. VALVE & COMPONENTS SPECIALISTS 

~ DEPT. A, CONINGSBV HOUSE, WROTHAM RD, MEOPHAM, KENT DA 13 OHN 
PHONE 0474 813225. TELEX 965966 WEST ST G 

SEMICONDUCTORS 8C212 0.09 80140 0.30 BF195 0. 11 BFY90 0.77 TIP42C 0.47 INTEGRATED CIRCUITS! i~!~~g~o ,o~~ A1190 2.15 
8C212L 0.09 80159 0.65 8F196 0.11 8R 100 0.19 TIP47 0.65 TDA1327 1.70 

AC126 0.22 BC1098 0.10 8C213 0.09 80166 0.46 8 F197 0.11 8R101 0.30 TIP2955 0.84 TDA13270 1.70 
AC 127 0.22 BC109C 0.11 BC213L 0.09 80179 0.72 BF198 0.10 BRC4443 0.85 TIP3055 0.66 !~~!6° ~:~g ~t~~~ 8 !:~f i~!~~~ ~:~~ TOA 1 3528 1.43 
AC128 0.28 8C114 0.11 8C214 0.09 80182 0.70 8F199 0.14 8T106 1.00 TIS91 0.20 HA1366W 2.80 SL9178 6.25 T8A440N 2.55 TDA1412 0.85 
AC 128K 0.32 8C116A 0.12 BC214L 0.09 8D201 0.83 8F200 0.30 8T108 1.22 2N2219 0.28 LA4031P 2.70 SL1310 1.80 TBA4800 1.25 TDA2020 2.45 
AC 141K 0.34 8C117 0.1 9 8C237 0.09 80202 0.65 BF241 0.15 8T116 1.20 2N2905 0.40 LA4400 ·4.15 SL1327 1.10 T8A510 1.65 TDA2030 2.80 
AC 142K 0.30 8C1 19 0.24 8C238 0.09 80203 0.78 8F256 0.28 8U105 1.22 2N3054 0.59 LC7120 3.50 SL13270 1.10 T8A5100 1.65 TDA2522 1.95 
AC176 0.22 8C125 0.12 8C251a 0.12 8D204 0.70 8F256/LC 0.28 8U 108 1.69 2N3055 0.59 LC7130 3.50 SL1431 1.37 T8A520 1.10 TDA2523 1.95 
AC 176K 0.31 8C140 0.31 BC252A 0.15 80222 0.46 8F257 0.28 BU124 1.00 2N3702 0.12 M83712 2.50 SN76003N 1.65 TBA5200 1.10 TDA2530 1.54 
AC187 0.26 BC141 0.25 8C258A 0.39 80223 0.48 8F258 0.25 8U126 1.22 2N3703 0.12 MC1327P 0.95 AC76013N 1.15 T8A530 1.1 0 TDA2532 1.95 
AC187K 0.28 8 C142 0.21 8C300 0.30 80225 0.46 8F259 0.26 8U204 1.55 2N3704 0.12 MC1330P 0 76 SN6023N 1 45 T8A5300 1.1 0 TOA2540 2.15 
AC188 0.22 8C143 0.24 BC301 0.30 8D233 0.35 8F271 0.26 BU205 1.30 2N3705 0.12 ~m~6~ ~:~~ 1~j~g~~~ ~:~~ i~!~:go : : ~~ 

TDA2541 2.15 
AC188K 0.37 8C147 0.09 8C303 0.26 BD234 0.35 BF273 0.1 3 BU208 1.39 2N3706 0.12 TDA2560 2.15 
A0142 0.90 BC148A 0.09 BC307 0.09 80236 0.45 8F336 0.34 8U208A 1.52 2N3708 0.12 MC1351 P 1.00 SN761 10N 0.89 T8A5500 1.45 TOA2581 1.15 
AD 143 0.82 8C1488 0.09 8C32 7 0.10 80237 0.30 BF337 0.29 8U208 /02 1.89 2N5294 0.38 MC1352P 1.00 SN76131N 1.30 T8A560C 1.45 TDA2590 2.95 

TDA2591 2.95 A0149 0.70 8C149 0.09 8C337 0.10 8D238 0.33 8F338 0.32 BU326A 1.42 2NS296 0.48 MC1495 3.00 SN76226NO T8A560CO 1.45 
TDA2593 2.95 A0 161 0.39 BC157 0.10 BC338 0.09 80410 0.55 8F355 0.37 8U407 1.24 2N5298 0.52 MC1401 1BCP 1.55 T8A570 1.00 

A0 162 0.39 BC158 0.09 8C461 0.30 80434 0.55 8F362 0.38 8U500 1.75 2N5496 0.66 0.32 SN76227N 1.05 T8A720AO 2.45 TDA2600 2.95 
A0 161/ 2 1.04 8C159 0.09 8C478 0.20 80437 0.50 8F363 0.31 MJ3000 1.98 2SA715 0.95 MC140498CP SN76532N 1.40 T8A750 1.85 TOA2611 A 1.95 
AF124 0.34 8C160 0.28 8C547 0.10 8D517 0.60 8F371 0.20 MJE340 0.40 2SC495 0.80 0.43 SN76533N 1.30 T8A7500 1.85 TOA2640 2.60 
AF125 0.32 BC161 0.28 8C548 0.10 80520 0.65 8F394 0.19 MJE520 0.48 2SC496 0.80 ML2318 1.75 SN76544N 1.30 T8A800 0.89 TOA2690 1.35 
AF126 0.32 BC1708 0.10 8C549A 0.08 80X32 1.50 8F457 0.23 MRF450A 11 .50 2SC1096 0.80 ML2328 1.75 SN76650N 1.05 T8A810S 1.35 TOA3950 2.50 
AF127 0.32 8C171 0.08 8C550 0.07 8F115 0.35 8F458 0.23 MRF477 10.00 2SC 1 173 ' 1.15 ML237 1.95 SN76660N 0.80 T8A810AS 1.35 UPC566H 2.95 

UPC575C2 2.95 AF139 0.42 8C171A 0.10 8C5508 0.07 8F127 0.24 8F459 0.36 MRF475 2.50 2SC1449 0.80 ML238 4.20 SN76666N 0.70 T8A820 1.45 
UPC1025 2.50 AF150 0.42 BC171B 0.10 BC557 0.07 BF158 0.18 BF595 0.23 R2008B 1.70 2SC1678 1.25 ML239 2.10 SW153 2.74 T8A920 1.65 

AF239 ' 0.42 BC172 0.09 8C557B 0.07 BF160 0.27 8F597 0.25 R2010B 1.70 2SC1953 0.95 ML920 4.12 TA7205AP 1.95 TBA9200 1.65 UPC 11 56H 2.95 
AU 106 2.06 BC172B 0.10 8C558 0.07 8F167 0.24 8FR39 0.23 R2322 0.58 2SC2028 1.15 ML922 3.29 TA7120 1.85 TBA950-2X . 
AU 107 1.75 !8C172C 0.10 80115 0.30 8F173 0.22 BFR41 0.28 R2323 0.66 2SC2029 1.60 ML926 1.65 TA7130 1.50 2.35 

7v Power Mike AU 110 2.00 8C1738 0.10 80116 0.52 BF177 0.38 BFT42 0.28 R2540 2.48 2SC2078 1.45 ML928 1.65 TA7204 2.15 TBA990 1.49 
AU 11.3 1.48 .BC174 0.09 80124P 0.56 BF178 0.26 8FW92 0.85 RCA 16334 0.90 2SC2091 0.85 SAS560S 1.60 TA7205AP 1.95 T8A9900 1.49 batteries 
BC107 0.1 0 8C174A 0.09 80131 0.32 8F179 0.34 8FX29 0.30 RCA16335 0.80 2SC1 172Y 2.20 · SAS570S 1.60 TA7222AP 1.80 TCA270 1.10 TR175 £1 .10 
8C107A 0.10 BC182 0.09 80132 0.35 BF180 0.29 8FX84 0.26 TIP29 0.40 2SC1306 1.25 SASSBOS 2.85 TA7310P 1.80 TCA270S 1.10 each. 
8C1078 0.10 .BC182L8 0.10 80133 0.40 BF181 0.29 BFX85 0.28 TIP29C 0.42 2SC1307 1.85 SAS590S 2.85 TAA550 0.25 TCA270SO 1.10 
8C108 0.10 8C183 0.1 2 80135 0.30 BF182 0.29 8FX86 0.30 TIP30C 0.43 TAA570 1.80 TCA800 2.15 

THERMISTOR BC108A 0.10 BC183L 0.09 80136 0.30 BF183 . 0.29 8FX88 ' 0.25 TIP31C 0.42 * 20MM ANTI·SURGE FUSES* TAA6S1 8 1.20 TCA940 1.65 
8C1088 0.10 8C184LB 0.09 80137 0.28 BF184 0.28 BFY50 0.21 TIP32C 0.421 £1 per pack of £1.30 per pack TAA700 1.70 TOA440 2.20 VA1104 0.52 
BC108C 0.10 BC204 0.10 80138 0.30 8F185 0.28 8FY51 0.21 TIP338 0.55 

10 of 10 TBA 1208 0.70 TOA 1 004A 1.85 VA8650 0.45 
BC109 0.10 8C208B 0.1 3 80139 0.32 BF1 94 0.1,1 8FY52 0.25 TIP41C 0.45 500Ma 2.5A TBA~ 0.70 TOA1 170 1.95 

TD 

EMBO 0.70 OA2 0.60- OOV03-10 2.50 1A 3.15A 6BU8 ' 1.15 6W4GT 1.00 30FL 14 1.85 NEW BRANDED VALVES EM8 1 0.70 OA3 3.00 OOV03-20A 1.6A SA 6BW4 1.30 6X4 0.60 30PL 13 0.80 
EM84 0.70 082 0.65 12.25 2A 6BW6 4.50 6X5GT 0.60 30PL 14 2.25 A1998 1f.50 E88C 4.00 ECH83 0.78 
EM85 0.85 OC3 1.05 OOVOS-40A 20MM QUICK BLOW FUSES 68W7 0.75 787 1.40 31JS6A 2.95 A2087 11 .50 E88CC 2.60 ECH84 0.93 EM87 1.10 003 1.15 13.95 30p PER PACK OF 10 68W8 4.00 706 1.40 35A5 1.20 A2134 9.00 E130L 13.00 ECLBO 0.66 EMM803 2.50 OM4 1.00 OOZ06-40A 250MA. 500MA. 1A. 2A. 5A 6BX7GT 2.00 7H7 1.50 35LSGT 2.00 A2293 7.20 E180F 5.25 ECL82 0.58 EN32 14.00 OM 58 3.60 45.25 6BZ6 2.00 7S7 2.00 35W4 0.70 A2900 10.90 E186F 7.95 ECL83 1.13 EN91 0.95 OMS 2.00 OS 150/45 7.00 UCH42 1.20 3A3A 3.00 68Z8 0.95 7Y4 1.00 35Z3 1.85 ACP 3.00 E182CC 4.50 ECL84 0.74 EN92 4.00 PABC80 0.50 OS1200 3.95 UCH 81 0.65 3A4 0.60 6C4 0.45 808 2.75 40K06 2.80 AC/HL!DO 3.00 E235L 14.00 ECL85 0.74 ES1500 115.00 PC86 0.80 OS1209 1.50 UCL82 0.76 3AW2 3.35 6C6 0.50 8FQ7 0.75 41 0.80 AC/ PEN 3.50 E280F 19.50 ECL86 0.74 EY51 0.80 PCBS 0.80 OS1212 3 20 UF41 1.15 3828 5.00 6C8G 1.25 98W6 1.20 43 1U 1.25 AC/ SP3 4.50 E283CC 8.25 ECLLBOO 13.50 EY83 1.50 PC92 0.85 OVOJ-1 2 3.50 UF42 1.15 306 0.50 6C1 1 2.50 10C1 5.50 sacs 0.95 ACVP1 3.50 E810F 8.25 EF22 2.50 
EY84 8.00 PC97 0.95 OV05·25 1.75 UF80 0.80 3W4GT 2.50 6C15 2.50 10C2 0.70 SOCD6G 1.15 ACVP2 1.50 EA50 1.00 EF37A 3.60 EY86/87 0.50 PC900 0.85 OY3-1 25 30.50 UF86 1.10 4-125A 35.00 6C18 2.50 1002 1.25 52KU 0.85 AR8 0.70 EAA9 1 0.60 EF39 2.00 
EY88 o.6o· PCC84 0.45 OY4-250 52.15 UF89 1.10 4-250A 38.00 6C3 1 1.50 10F1 0.75 57 0.85 ARP12 0.70 EABCBO 0.56 EF40 1.20 
EYSOOA 1.50 PCC85 0.54 OY4-400 60.85 UL84 0.78 4-400A 40.00 6C85 1.50 10F9 0.75 75C1 1.20 ARP34 2.00 EAC91 0.90 EF4 1 1.25 
EZ41 1.20 PCC88 0.80 OY5·500 99.00 uus 1.50 4CX2508 26.60 6C86 1.50 10F18 0.60 80 1.40 ARP35 1.50 EAF42 1.40 EF42 1.95 
EZBO 0.56 PCC89 0.80 R1 1.50 UU6 3.50 4CX350A 39.00 6C06GA 4.00 10GKS 1.95 83AI 7.00 ARP37 1.00 EB41 2.30 EF50 1.50 
EZ81 0.56 PCC189 0.80 R2 1.50 · UU7 3.75 5A-170K 5.25 6CF6 1.50 10P14 2.50 84 0.85 836 1.85 EB91 0.52 EF55 2.25 
EZ90 0.96 PCCBOS 0.80 R3 1.50 UUB 3.75 5A/206K 9.00 6CG8A 1.00 11 E2 15:50 85A1 5.40 8729 1.20 EBC33 1.00 EF7 1 1.50 
G1 /371K 30.00 PCE82 0.80 R10 4.00 UY1N 0.90 58-254M 14.50 6CHS 7.00 12A4 2.50 85A2 1.20 BT17A 95.00 E8C41 0.85 EFBO 0.48 G55/1K 8.00 PCFSO 0.70 R12 0.80 UY85 0.70 58-255M 14.50 6CL6 1.50 12AC6 0.80 89 • 1.20 

CBL31 2.00 EBC81 0.85 EF83 3.50 G120/1 8 8.00 PCF82 0.60 R16 12.00 VLS631 13.00 506 4.00 6CZ5 2.00 12A06 0.80 90C1 1.69 C1K 14.00 EBC89 0.85 EF85 0.48 G150/20 4.00 PCF84 0.65 R17 2.00 VP41 1.50 5021 15.50 60C6 2.00 12AE6 0.85 90CG 10.85 C3JA 10.00 EBC90 0.75 EFBS 0.70 G180/2M 7.00 PCF86 1.20 R18 8.00 VP133 2.00 5022 38.00 60W4 1.20 12AG8 1.50 92AG 9.00 . D3A 30.00 E8C91 0.75 EF89 0.75 G400/ 1 K 14.00 PCF87 0.40 R19 1.20 VR75/ 30 3.00 5R4G8 2.00 SEAS 0.80 12AH7GT 0.85 92AV 9.00 OAC32 1.20 E8F80 0.55 EF91 1.22 GC108 9.00 PCF200 1.35 R20 1.20 VR101 1.50 5U4G 0.85 6F1 2.00 12AH8 5.50 15082 3.50 OAF91 0.45 E8F89 0.70 EF92 2.50 GC100 9.00 PCF20 1 1.35 RG1 -125 3.50 VR102 1.50 5U4G8 1.50 6F6G 2.00 l2ATS 0.59 15083 3.90 DAF96 0.65 E8L 1 1.50 EF93 0.65 GC1048 9.00 PCFSOO 0.40 RG1 -240A VR105130 1.05 5V4G 0.85 6F8G 1.50 12AT7 0.55 1SOC4 1.50 OC90 1.20 E8L21 2.00 EF94 0.55 GN4 4.00 PCF801 0.92 11.75 VR150/30 1.15 5Y3GT 0.85 SF 12 1.30 12AT7WA 1.50 155UG 25.00 OCX4/1000 EC52 0.70 EF95 0.78 GN10 15.00 PCF802 0.72 RG3-250A VT25 5.00 5Z4G 0.85 6F14 1.00 12AU6 0.60 1858T 1.50 5.00 EC86 1.00 EF96 0.65 GN24 1.50 PCF805 1.80 11 .75 VT 120 1.15 S/30L2 0.70 6F22 0.70 12AU7 0.55 257A 6.00 00620 1.20 EC88 1.00 EF97 0.95 GRD7 9.00 PCF806 0.60 RG4-1 000 10.00 VT138 4.25 6A/203K 9.00 6F23 0.48 12AV6 0.80 408A 4.00 OET10 6.00 EC90 0.45 EF183 0.56 GS10C 12.00 PCF808 1.48 RK -20A 12.00 VU39 1.50 6A6 1.50 6F24 1.25 12AX7 0.55 708A 5.00 DF33 1.20 EC91 3.00 EF184 0.56 GTJC 13.50 PCH200 1.10 RPL 16 12.00 VX6 120 5.00 6A8G 1.50 6F25 1.25 12AX7WA 1.50 715A 6.00 OF91 0.45 EC92 0.80 EF731 1.80 GU50 11.50 PCL82 0.74 RR3-1250 65.00 VX9 133 5.00 6AB7 0.60 6F26 0.48 12AY7 4.00 715C 15.50 DF92 0.60 EC93 0.80 EH90 0.65 GXU 1 13.50 PCL83 2.00 S1 1A 1.50 X65 0.85 6A88 0.66 6F28 1.25 12AZ7A 1.50 717A 1.50 OF96 0.65 ECC33 4.00 EK90 0.65 GXUSO 12.50 PCL84 0.76 S130 2.50 XS6 0.85 6AC7 1.00 6F33 8.50 1284A 1.60 801A 2.00 OF97 1.50 ECC40 2.30 EL32 0.95 
GY501 1.20 PCL85 0.80 S130P 3.00 X719 0.58 6AF4A 1.20 6FG5 1.50 128A6 0.75 803 16.00 OH63 2.20 ECC81 0.55 EL33 2.50 GZ30 0.85 PCL86 0.76 SP41 4.00 XG5-500 19.50 SAG7 1.20 6FH5 1.50 128E6 1.05 807 1.50 DH77 0.90 ECC82 0.55 EL34 1.54 GZ32 0.85 PCL200 1.60 SP42 2.50 XR1 -1600A SAH6 1.00 6FN5 1.50 128H7 0.95 808 3.00 DK91 0.90 ECC83 0.60 EL34 Mullard GZ33 3.25 PCL805 0.80 STV280/40 8.00 29.00 SAJ7 1.00 6FL2 1.50 128L6 0.70 811A 9.00 OK92 1.20 ECC84 0.60 2.45 GZ34 2.00 P0500 2.95 STV280/80 XR1 -6400A 6AK5 0.60 6GH8A 0.80 12C8GT 0.70 813 11.30 DK96 1.00 ECC85 0.60 EL3S 1.60 GZ37 4.00 PEN400 1.50 23.00 128.00 6AK6 2.00 6GK5 1.00 12E 1 16.50 833A 47.85 DL92 0.60 ECC88 0.65 EL37 9.00 HL41 1.50 PEN25 1.50 T41 2.00 YL 1020 29.00 6AL5 0.52 6GK6 1.00 12GN7 3.25 845 8.00 OL94 1.20 ECC91 0.65 EL38 4.50 HL4200 2.00 PEN45 3.50 TP25 1.50 YL 1060 15.00 SAM4 2.50 6H2N 0.70 12HG7A 3.25 86SA 3.00 OL96 1.00 ECC189 0.78 ~L4 1 1.50 HL92 1.50 PEN46 1.50 TT11 1.50 263 1.00 6AM5 6.00 6H3N 0.70 12J5GT 0.48 868 5.00 OLS10 9.00 ECC803S 1.50 EL8 1 2.05 HL 133/00 1.50 PENA4 2.50 TT21 14.50 zn 1.20 6AM6 1.30 6HS 1.00 12J7GT 0.70 885 2.00 OLS1S 10.00 ECC804 0.40 EL82 0.58 HP6 1.50 PFL200 1.13 TY2-125A Z303C 9.00 SANS 2.00 6HF5 4.50 12K5 1.00 954 0.50 OM70 1.10 ECC807 1.30 EL84 0.60 HY90 1.00 PL33 0.75 45.00 Z502C 12.00 6AN8A 2.50 6HG8 1.50 12K7GT 0.60 955 0.60 OM160 2.50 ECC808 2.00 EL85 3.85 KT61 3.50 PL36 1.05 TY4-350 90.00 Z504S 13.50 SA05 0.82 6HZS 1.00 1207GT 0.50 958A 0.90 OY80 1.20 ECF80 0.65 EL8S 0.80 KT66 USA 4.95 PL81A 0.74 TY4-500A Z700U 1.00 SASS 1.50 6J5GT 0.75 12SA7GT 1.00 1299A 0.60 OY86/87 0.55 ECF82 0.60 EL90 0.82 . KT66 UK 9.00 PL82 0.60 41 .50 . Z749 0.48 6AS6 3.50 6J6 0.55 12SJ7 0.60 2050 6.00 OY802 0.60 ECF86 1.50 EL9 1 6.00 KT77 5.00 PL83 0.52 U10 1.50 Z759 9.00 SAS7G 4.50 6J7 0.70 12S L7 1.50 4212E 230.00 E55L 14.00 ECF802 1.20 EL95 0.70 KT88 USA 6.00 PL84 0.65 U15 1.50 Z803U 12.50 SATS 0.80 SJ7GT 1.00 12SN7GT 1.85 5557 19.50 EBOCC 4.75 ECF804 6.00 EL360 9.00 KTSB UK 11 .50 PL95 1.00 U17 1.50 ZC 1040 8.00 6AV5GTA 1.50 6JE6 2.10 .12SR7 0.70 5636 3.00 E80F 6.25 ECF812 1.20 EL504 1.40 KTWS1 1.50 PLSOO 1.12 U18-20 2.00 ZM1001 5.00 6AUS 0.55 6JS6C 2.55 12U7 1.50 5S42 5.00 E81CC 3.90 ECH3 2.50 EL509 2.60 
L63 1.00 PL504 1.20 U19 11 .95 ZM1020 4.00 6AV6 0.72 6K4N 1.00 12Y4 0.60 5S51 1.75 E82CC 1.50 ECH4 3.00 EL821 7.00 L 120 /2K 12.00 PL508 1.48 U22 1.00 lACS 1.20 SAWBA 2.50 6K7 0.70 1303 3.20 5654 1.95 E83CC 1.50 ECH35 1.50 EL822 8.25 MB079 6.00 PL509 2.30 U25 0.68 1822 10.00 6AZ8 1.80 6K06 3.95 1307 3.20 5670 3.50 E83F 2.50 ECH42 1.00 EM1 4.00 M8083 3.25 PL519 2.60 U26 0.90 183GT 1.00 S810 2.50 6L1 2.50 1308 3.20 5687 8.15 E86C 6.00 ECH81 0.58 EM4 4.00 M8100 2.85 PL802 2.50 U37 12.00 1822 10.00 S8A6 0.50 6L6GC 1.75 14S7 1.00 5696 2.55 

! M8137 2.85 PL820 3.00 U41 0.70 185 2.50 68A7 3.75 6L6GT 1.10 1502 1.00 5718 3.50 ZENER DIODES BASES M8 162 3.85 PT4 4.00 U191 0.70 105 1.00 6BASA 3.!50 6L7 0.55 17JZ8 1.60 5725 3.50 
M8 196 3.25 PT15 4.50 U1 93 0.65 15G 1.00 6806 1.00 SL 15 1.50 1803 1.60 5726 1.50 

B7G 0.1 5 M8225 1.20 PY31 0.60 U281 1.00 1L6 1.50 68ES 0.50 6L17 1.50 19A05 0.70 5727 2.00 
B7G ME1400 4.00 PY32 0.60 U282 1.00 1LA6 1.00 68H6 1.60 6L18 0.60 20A2 4.00 5749 2.00 

BZX61 0.15 Skirted , 0.30 ME1402 4.50 PY33 0.60 U291 0.60 1US 1.00 68J6 1.05 6L03 0.85 2001 0.70 5751 1.50 
B8G 0.70 ME1403 10.00 PY81 0.65 U301 0.60 1X28 1.15 68K4 2.75 6LD20 0.60 2004 1.75 5763 3.20 

6V2 7VS 8V2 9V1 10V 11V 12V 13V 89A 0.15 ME 1501 14.00 PY82 0.55 U309 0.60 2A3 3.00 6BN4 1.25 6P1 ' 0.60 20F2 0.75 5814A 2.75 
B9A MH4 2.10 PY83 0.70 U801 0.80 2AS15A 11 .00 68N6 1.30 6P15 0.60 20L 1 0.95 5842 6.50 15V 16V 18V 20V 22V 24V 27V 30V 

Skirted 0.30 MH41 2.10 PY88 0.74 UABC80 0.65 2C39A 19.00 6BN7 3.50 6P25 2.50 20P1 0.55 6080 4.20 33V 36V 39V 47V 
8108 0.16 MS4B 5.00 PYSOOA 1.35 UAF42 1.00 2C21 1.00 68N8 0.85 6P28 2.00 20P3 0.60 6080WA 6.00 
8138 0.50 MU12 1.50 PYBOO 0.65 U8C81 1.00 2C42 4.00 6805 0.60 6SA7GT 1.00 20P4 1.05 6146 4.20 

BZY880.07 8 Pin OIL 0.20 MU i 4 1.50 PY801 0.65 U8F80 0.60 2C51 0.75 680SGA 2.00 6SH7 1.50 20P5 1.15 61 46A 4.45 
14 Pin OIL 0.22 N18 1.00 PZ30 0.60 UBF89 0.60 287 1.50 6BQ7A o:12 6SK7 0.80 30 2.85 61468 4.45 

2V7 3V 3V3 3V6 3V9 4V3 4V7 5V1 14 Pin OIL/ 0 N78 8.90 083-300 30.50 UBL21 1.20 2021 0.95 S8L8 0.65 6SL7GT 0.72 30C15 0.40 73SO 7.50 
SV6 6V2 6V8 7V5 8V2 9V 1 10V 11V 0.30 NR14 9.00 OEOJ-10 3.20 UC92 0.80 2021W 2.00 68R7 3.75 6SN7GT 0.69 30C17 0.40 5965 2.25 
12V 13V 15V 18V 24V 27V 16PinOIL 0.30 NR73 3.50 OP25 1.00 UCC84 0.70 2K25 10.00 6BR8A 1.20 6SS7 1.50 30F5 0.95 6060 1.50 

VALVE · NU3 1.50 OOE06-40 UCC85 0.60 3A/147J 7.50 6857 3.30 6U56 1.60 30FL 1 0.95 7551 4.50 
SCREENING NU17 1.50 13.95 UCH2 1 1.20 3A / 167M 10.00 68S8 1.88 sus 0.60 30 FL2 0.95 7591A 2.35 
CANS 0.27 NU18 1.50 OOV02 -6 10.50 UCH41 1.20 3A2 3.00 6BU6 2.00 6V6GT 0.90 30FL 12 1.10. 7695 4.50 

DIODES BY176 0.85 OA95 0.06 IN5406 0.1 3 WI REWOUND LINE OUTPUT Many other items available 8Y179 0.63 OA202 0.11 IN5407 0.16 
RESISTORS Please phone or send list for quote AA1 19 0.08 BY 199 0.28 IN914 0.03 IN5408 0.16 TRANSFORMERS BA102 0.17 BY206 0.14 IN4001 0.04 ITT44 0.04 

PREFERRED VALUES 

CALLERS WELCOME 
BA115 0.13 8Y208.800 0.33 IN4002 0.04 ITT2002 0.11 4Watt 

4R7 ·1 K8 0.13 ITT eve 25/30/32 7.80 8A145 0.17 8Y210.800 0.33 IN4003 0.04 
2K2-6K8 0.16 PHILIPS GB 9.00 8A148 0.17 8Y223 0.90 IN4004 0.05 

* 10K 0.22 PHILIPS G9 7.35 8A154 0.06 8Y298.400 0.22 IN4005 0.05 ALL PHILIPSG11 12.50 

* Entrance on * Hours BA155 0.13 8Y299-800 0.22 IN4006 0.05 7Watt 
BA156 0.15 IN4007 0.06 ORDERS R47 -4K7 0.14 PYE 691/693 13.50 

Mon.-Fri. 9.30-5.30 BYX10 0.20 5K6-12K 0.15 PYE 731 10.15 Wrotham Rd. (A227) BAX13 0.04 BYX55/600 IN4148 0.02 DESPATCHED 15K-22K 0.18 RANKT20A 10.80 Saturday 9.30-12.00 BAX16 0.06 IN4448 0.10 Near Meopham Stn. 881058 0.30 0.30 SAME DAY 11Watt THORN 8000 9.00 8YX71/SOO IN5401 0.12 
1R·10K 0.18 THORN 8500 10.00 88105G 0.30 IN5402 0.14 WHENEVER P. & P. 50p. Please add V.A.T. at 15% BY126 0.10 0.60 

IN5403 0.12 15K 0.21 THORN 9000 8.00 
8Y127 0.11 OA47 0.09 

IN5404 0.12 POSSIBLE 17Watt MAINS TRANSFORMERS 

* BY133 0.15 OA90 0.05 
IN5405 0.13 * 

1R-10K 0.24 THORN 3000/3500 10.00 

* 24-HOUR ANSAPHONE SERVICE 
8Y164 0.45 OA9 1 O.Ojj 15K-22K 0.25 

WW - 075 FOR FURTHER DETAILS 
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EP4000 EPROM EMULATOR PROGRAMMER 

e Copy/Program/Emulate 
2704/2708/2716(3)/2508/2758/2516/2716/2532/2~32 Eproms 

e 4K x 8 Static Ram 

e Video 0/P and 8 digit LED display 
e Emulates simply at the push of a key 

e Powerful editing facilities 

e Comprehensive In/Out (RS232, TIL, 20MA Loop, Parallel, 
DMA) as standard 

e 2764 adaptor now available 

e EP4000ex-stock at£545 +VAT+ £12 delivery 

P4000 
EPROM 

PRODUCTION PROGRAMMER 

e Program up to 8 Eproms 
simultaneously 

e Covers same Eproms as 
EP4000 

e Powered down sockets 

e Independent blank check/ 
verify/program modes 

e Simple to use with mode 
pass/fail LEOs for each copy 
socket 

e Ex-stock at £545 + VAT + 
£12 delivery 

WIRELESS WORLD OCTOBER 1981 

UV141 BENCHTOP 

UV140 EPROM ERASERS 

e Two units with 14 Eprom 
capacity e Safety interlocked . e Electronic timer (UV141) 

e Convenient slide tray loading e UV141 ex-stockat£78+VAT e UV140 ex-stock at £61.50 + 
VAT 

GP INDUSTRIAL ELECTRONICS LTD GP UNIT 6, TOTNES INDUSTRIAL ESTATE 
TOTNES, DEVON TQ9 5XL. TEL: (0803) 863360. TELEX: 42596 

WW- 049 FOR FURTHER DETAILS 

TVPATIERN 
GENERATOR 

Usi~g the ZNA 2~4. along with three readily
available CMOS 1.c.s. and a ready built u.h.f. 
modulator, we've formed a very compact 
pattern ge_nerator which is simple to con
struct and 1s pow~ red from a mains adaptor. 
The c~mplete un1tl housed in a proprietary 
cas~ IS ~seful for many servicing applica-

tions 1n the workshop and in the field. 

CHOPPERS RULE O.K! 
Switch mode power supplies are now the 
rule_ in colour sets, having finally ousted the 
thynst~r regulated power supply. Servicing 
them 1s another matter however ... Derek 
Snelling provides some useful guidelines. 

74LSOO MEMORIES 
Series Prime stock 

2114 £2.40 2708 £3.00 

74Ls 
4118 £7.90 2508 £3.50 
4116(200nS) £1.50 2516 £3.50 

00 14p 153 77p (Above prices are net) 02 14p 155 94p 
04 16p 156 94p 2508 and 2516 are 05 23p 157 60p single rail 
08 20p 161 78p 
10 19p 163 90p 
11 20p 164 90p Z80Series 14 58p 165 75p 
20 18p 166 1.65 
30 21p 173 1.00 Z802.5 MHz £5.00 Z80PI04MHz £6.00 
32 22p 174 85p Z80A4MHz £6.00 ZBOCTC £6.00 
37 24p 175 94p Z80 PIO 2.5 MHz £5.50 6402 UART £4.50 
38 35p 191 90p (Above prices are net) 42 59p 193 90p 
47 89p 195 87p 
51 25p 196 90p 

SPECIAL OFFER 73 30p 197 SSp 
74 30p 221 1.10 
75 44p 240 1.65 25 x 4116 each £1.30 76 30p 241 1.65 
85 SOp 242 1.42 (£32.50 complete, net) 
86 38p 243 1.42 
90 44p 244 1.45 
92 59p 245 2.03 LOOKOUT FOR 93 57p 251 SSp 
107 40p 253 90p €ATALOGUE 82 112 38p 257 75p 
123 82p 259 1.60 FREE with Practical Electronics 125 45p 266 31p 

Nov. issue 126 42p 273 1.30 
132 60p 279 76p 
136 42p 299 2.95 ORDERING 137 1.10 367 56p 
138 64p 368 SSp POSTAGE 40p on orders under £5 
139 70p 373 1.50 DISCOUNTS (not on net items) 
145 1.20 374 1.50 5% on orders over £20 148 1.65 378 84p 

1 0°/o on orders over £50 151 77p 393 SSp 
Add V.A.T. at 15% to total value of order 

ELECTROVALUE l TO., Dept. WW10, 28 St. Judes Road, Englefield Green, Egham, 
Surrey, 1YJ20 OHB. Phone Egham 33603 (STD 0784, London 87). Telex 284475. 
Northern Branch (Personal Shoppers only), 680 Burnage Lane, Burnage, Man-
chester, M191 NA. Phone (061) 432 4945. 

STORAGE OSCILLOSCOPE type 549 with 1A 1 -30MHZ 
..... ........ ............ .. ... .................... .... .. ..... ................. ... ... .. ..... ... ........ ... .. ........ .... ....... £425 

in:s~t:~~=~=~~~=~~~::7:z::;o::~:~z~:::.- grs-
4 TELEQUIPMENT OSCILLOSCOPE type D61A. Dual Trace 1 OMHZ .. .... £225 

~ ~~:rrg~~%~:8~JN~~~g~o~~a~U~~J.0~~~8iii't:&R .. s·i·g£~~~ 
ca;r~r,~:~~~om~~'A("MJkJ~g&.:A'~~A~h:>C!P.c:: : : ::::: :: :: : :: :: : : ::::: ::: .~Wo 

8 MARCONI STANDARD SIGNAL GENERATOR type TF144H 10KHZ· 
72~~~i:rn'P.Aci<AR'o·oc'ciJRR'iiNi·s·oultce·6i'8i'a·:: :: : :::::::: ::: :: : :: :: :: ::: ~~=~ 

10 SCHLUMBERGER AUTOMAnC COUNTER type FB2602 DC- 50 MHZ £135 

l~ ~~~~~~~~We~~~o~ 1~~~ ~~~~:~~-~~~- ~~~.1 .5.: ::: :::: ::::: : : m~ 
1! ~~:::rn:~:g~~g:~~gL~~~~~:e ~~l~S..: :: : :: ::::: : ::::::: :: : :: m~ 
1 ~ :~~~~~~~g~~~~~ tYP~·soo:.\ :::: :: : :::::::::: ::: :::::::::::::::::::::::::::::::: g: 
17 MARCONI WIDE 'RANGE OSCILLATOR TF1370. 10HZ·10MHZ ......... .... £90 

1~ ~~CJ!i."i>~~~~TJV~~~L;~~~~~;~~~i4A·o:12\.i;·o~i·:;;A;·t.ie~50 

··~f't~~:~:~~~:J~~~:·~~~~~~~~~:~~~~~~~~~~P.~:~?.~~: g~ 
22 COUTANT DIGITAL VOLTMETER ty~e CDV 200A .......... .... ........ .... .. .. .... £40 

~! ~~f:t~ir::~::E~ :,Uo~~~~~M~~~P~s.;}~~go:·4M.iiz~i-G'ii'Z' £So 

·-~~- -=~~~1it.f.~~~~J~1~:e~~:~~~o.~~~~~~:~~:~:::: : :. :: ::: : : ::~~J 
27 WEIR MINIREG POWER SUPPLY type 401·1 . 0·30V; 0-1.5A ..... ... .......... £30 
28 MARCONI (SANDERS) MICROWAVE POWER METER type 6598 With 

p~b~oH'i:ie&'scH'w.ARi.iN'o'lici:ANc'E ·Mrnii· i:.li:r:·s·i-.is·ioo:: :: : :: ::: ::: : :: :: .~ 
30 E.M. WAREHAM DC LOG CONVERTOR type S12 ................................... £25 
31 ADVANCE DIGITAL MULTIMETER type DMM2 ..... ..................... : ........... £90 
32 FARNELLDIGITALMULTIMETERty~eDM131 ........ ............................... £90 

.. ~~ .. ~-~~~~~-~-~-~-~~-~~~~-~~~- .. ~-~~ -~~~~-~·i·~-~~-~~-~-~-~~:.~~ia_~l£111e5000 
34 GRIFFIN SIGNAL GENERATOR & AMPLIAER 1 HZ·1 OOKHZ ...... ........ .. 

ilii'T'Eiii='E"RIEiilc:E & 'i=iEi.D'iiiiiiiN'siTY·iYiiiTE'ii·;:y·p-e N-
M 52A .. .... .. ...... .... .. .. ...... ... .. ... .... .. .. ...... ........ ... .... ..... .... .... .... ...... .... ... .. ..... ............ £260 
47 MARCONI(SANDERS) LEVELLING AMPLIAER type 6587 .... .. ............ £140 
48 MARCONI DISPLAY OSCILLOSCOPE type TF22 1 2 .................... ....... .. .. £100 
49 BRANDENBURG PHOTOMULTIPLIER POWER SUPPLY 472R. 0-2KV £150 
50 KEITHLEY REGULATED HIGH VOLTAGE SUPPLY tvoe 241 .. .... .......... £225 
51 BRANDENBURG PHOTOMULTIPLIER POWER SUPPLY 0-2500 Volts £125 
52 GENERAL RADIO type 13608 Microwave Oscillator 1.7-4.1 GHZ .. ..... £660 
53 GENERAL RADIO type 1142A Frequency/ Discriminator Meter 0-1 .5MHZ 

... ........... .................... .... .... .. .... ... ...... .. .... ... ... ... ....... ........ ........ .... ........... ............... £200 
54 GENERAL OSCILLATORS types 1209C; 12090L; 1215C with Power Unit 

ty?se ~~~~~ti~-~68L~~el-eii·nPE. Ci'47.is : : ::: :: :::::::::: : :::::: : ::: :: :::: : :: : :::: : :::: : ::.~~ 
56 BEMEX CROSSHATCH/DOT GENERATOR UHF/VHF .............. .. .... .. ....... £30 
57 ADVANCE ACTRAN$1STORISED VOLTMETER TYPE VM78 .. .... .... ...... £18 

~~ ::~~~~R~~~:cfJAC~UtslJi~cn~~~~-~~-~~-~ :: : : :: : : : : ::::: :: :: : :::::::: :: :: :: : gg 
60 CROPICO THERMOCOUPLE POTENTIOMETER type P 4-E .................... £35 
61 E.M.T. WOW & FLUTTER METER ................. ... ....................................... ... £75 
62 MARCONI OUTPUT POWER METER type TFB93 .......................... .... .. .... £25 
63 RHODE & SCHWARZ NOISE GENERATOR SKTU BN4151/2/60 3· 

1000MHZ ......... .. ....... ..... .. ... .... .. ... ............... .. ...................... .... .......... .... .... ... ... ..... £125 
64 RHODE & SCHWARZ STANDARD SIG GENERATOR AM/FM. SDAF 

BN41023/2 ... ..... ...... .... .. ...... ... .. ... .... ............. ............... ....... ........... ..... ................ . £125 
65 TAYLOR SIGNAL GENERA TOR type 62A. 4-120MHZ. AM/FM .. .. ....... £65 
66 TAYLOR RF SIGNAL GENERATOR type 68A/M Mk2... ......... .. .... £85 
67 ADVANCE Q METER type Til OOKHZ-1 OOMHZ ... .. ...... .. ......... .... £40 
68 ADVANCE PULSE GENERATOR type PG5002D .......... .. ............. £40 
69 ADVANCE MILLIVOLTMETER type VM79. No probe ................... .... .. .... £25 
70 AIRMEC MILLIVOLTMETER type 301 .......................... ...... ..... ..... .... .... ...... £25 
71 TAYLOR VALVE TESTER type 45D............... .... ... .. ........... .. £60 

72 HEWLETT PACKARD UHF SIGNAL GENERATOR type 612A 450· 
1200MH~ ... ...... .. ............. ............. ........... ... .... ..... ..... ... .. .................. .... ....... " ....... . £175 
73 MOSELEY X-Y RECORDER type 2D-2. As is .. .. .. .. ................. .. ................ £120 
74 B & K LEVEL RECORDER type 2305. 50dB Potentiometer. Brand new with 

accessories ...... .. ... ............... ... ........................... .. ... ... ................... ..... ................. £950 

j~ ~:to~IE~~~g~~~~~~~.u~~R-iype.TFaoi'o/8s"i'o~4ii5'M.HZ . m: 
77 MARCONI UHF SIGNAL GENERA TOR type TF1 060 .................. ....... .. .. £150 
78 RACAL UNIVERSAL COUNTER TIMER CT4881SA540 with SA545). As is 

.... .. ...... .................. ....... ............. ... ....... .. ... ..... ... ...... . ... ... ................. ...... £45 
79 SOLARTRON PULSEGENERATORtype G0.1101 .2 ...................... . ..... £40 
80 RACAL DIGITAL FREQUENCY METER SA520. As is .. .. ........... .............. .. £10 
81 RACAL DIGITAL FREQUENCY METER type 806R 32M HZ .... .... .. ............ £35 
82 AVOTRANSISTORANALYSERtypeTA.... ............. £40 
83 MUIRHEAD DECADE OSCILLATOR type D-890-A ......... ...... .. ...... ........ .... £65 
84 DAWE STROBOFLOOD type 1201E ................ ...... .. .. ....... ........ .. .. .. ..... ....... £26 
85 HUNTS CAPACITOR ANALYSER & RESISTANCE BRIDGE type CR83 £45 
B6 AVOTRANSISTORTESTSETtype CT1537 .. ...... ................. ........ .. .... .. .... £70 
87 ADVANCE STABILISED POWER UNITtvpe PP1 0.600V; 300MA .......... £40 35 MARCONI TUNABLE REJECTION FILTER type TF2334 ....... .......... ..... .. £110 

~~ =~~~~c~~~~g:~~fo'A~p~s11i·i::::::::: :: : ::: : :::: : : :: : :: : ::: ::: ::: .. ~J: A MUST FOR THE COMPUTER 

~ ~~~r~gi[v!~~!~~i~nf~~:~::~~~::- ::: :: : : : : : : : :: :::: :: : ::::: : : :: . ::::: :: : 5! coNRAC 14" MONITO?~ IiY.~?eE?vn~~~eo input sockets Not 

- ~42 .. ~ ... soH .. E .. ~WL ...... ETT ... ~~P-~A ... C .. ~KA-~.LR .. ~D .. ~D .. ~I·G-~I~T .. A ... L~~v .. co" 'oL .. TM~~ETER~~-~~ty ... vp"e~3440 .. ~ETA ...... ~ .. -R.· .... ty.· : : ~:~:~:~~! cased Used but tested . £35 each. Ca r.ri age £5 Other monitors ava ilable including colour . l"lease enqwre. :! :¢gAJ~~~~sTC~~~~~iv~~~~~-~~?.~.~-~~-~~~~ .. ~OOMHZ_: : : : : : : : : : : :: ~~ '-PIIIIL"!!E-.A~SE1111C~H~EIIIICPA•V-.A~ILA~BI!"L~ITY~B~EF!!'!O~R!'!E~O!'!R~D~E~RI~N~G-------_. 
CONVERT THIS UNIT TO A 

SUPER BATTERY CHAR~ER 
Attractive green ministry quality case w1th remov
able top and bottom plates - heavy duty power 
switches, high powered resistors to control current, 
good quality centre mounted amp meter, stnp of 
wing nut terminals on front panel wh1ch can be 
used for connecting leads. All this for £3.50. P&P 
5. r uni.ts £12. £6. 

STEPPING MOTORS 
6/12 position with additional where the r~tor is 
coils. Device can be used as a tacho. D1agram 
supplied. Will actually · work on 5 volts. 12/24 
recommended. £1.50 each P&P 75p 

o.r 5 for £5 P&P £1.50. 

SOME TEKTRONIX 500 
RANGE OSCILLOSCOPES 

MULTIMETER 
Russian Type 4324 

AC/DC volts; AC/DC current; 
ohms, etc. Brand new, boxed with Single Trace Plug-ins. Working. 

From £100. Phone for details 

GENERAL PURPOSE 
OSCILLOSCOPE 

TECH TYPE TP2 
Single beam. Size approx. 6 x 7 x 9:Y4in. 
Weight 71bs. Ideal for the beginner or 
school user. 

ONLY £49.50 each P&P £3 

£12.50 each P&P £2.50. 

METROHM INSULATION 
AND CONTINUITY 

TESTER 500 volts 
Portable, Battery Operated, Standard P.P.7 
(Battery not supplied). Complete w1th carrymg 

case. 
As new £40 each 

Used but good condition t:25 each. 
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CREED MODEL 75 
Printer with keyboard. Late model 

Still the cheapest way to get a printout 
from your microprocessor. Basic data and 
connections supplied. 

Used, good condition 

ONL V £25 each 
RECEIVE ONL V £18 each 

MINIATURE 
VARIAC 0.6 AMP 

In an attractive Blue Case with Carrying 
Handle. Size 101!4 x 61!4 x 6W '. With 20 
good quality screw terminals with integral 
4mm socket giving multiple voltage and 
current outputs. 
As new condition. Individually Boxed. 

£15 each. P&P£2 

RADAR AERIALS 
Rotary, complete with Waveguide 
Couplers. These are brand new, Ministry 
boxed. Very impressive. Dish diameter 27 
inches. £85 each. Carriage £S . 

EX-MINISTRY MASTS 
30ft HEAVY DUTY with guys, etc. In t ransit 
case 

£50 each 

SINE 1r SQUARE WAVE AUDIO. 
GENERATOR 

TYPE TE-22. 20 HZ-200KHZ. Portable, as 
· new. 

ONLY £55 each. P&P£3 

INFRA RED IMAGE 
CONVERTER Type 9606 

(CV 144) 
13f4in. diameter. Requires single low cur
rent 3KV to 6KV, supply individually 
boxed. With data. £12.50 each 

Infra Red Lamps also advertised 

TRANSISTOR INVERTOR 
115V AC 1.7 Amp Input. Switching is· at 
20Khz . . Output windings from Pot Co{e. 
Can be rewound to suit own purpose or 
unit can be broken for host of components. 
Circuits s ied. P&P £2. 

80 characters x 13 lines; 600/1200 baud; 
RS232; standard 240 volts input; screen 

size 9 inches. 
Very good condition. Tested. Limited 

quantity. 

£70 each. Carriage at cost. 

STEPPING MOTORS . 
MOTOR 12V DC with pu lley and integral semiconductor. 

• Speed Control . New £1 ea. 
LEDEX ROTARY SOLENOIDS. 11 SV DC. No switch assembly. 
15pea. 

MOTOROLA DUAL in Line 6-pin Opto Coupler 30p each. Gold 
plate tester version SOp eech. 
ELECTROSTATIC VOLTMETER. 7.5KV £8ea. P&P £1 .50. 200 Steps. 20 oz/in. torque, 12124 volt input S-wire 

£12 each. P&P £1.50 . . 

KEYBOARD PAD 
Size .3x21f2x2" with 12 Alma Reed Switches. Blue 
keys marked in green 0-9 and a star with one blank. 
£4 each. P&P £1, or 5 for £15 P&P £2. 

NIATURE KEYBOARD 
Push contacts, marked 0·9 and A·F and 3 optional 

function keys. £1.75 each. . 

DIODES - All new full spec devices. IN3063; BAX13; IS44; 
IN3470; IN4151. 100 otf£1.50; 1000 off £10. 

CRYSTALS 50peaeh 
Flat metal case- 19.2KHZ; 844.8KHz; 87G - 10M HZ. 

PULSE TRANSFORMER. Sub min. Size 112 x 5/16 x 1'4" . 
Secondary centre tapped. ·New -20p ea. 
REMO TY TYPE MUL TIPUt:n. 'wu "'Y" voltage outputs and 
focus, £1 each. 
DON'T TAKE CHANCES. Use the proper EHT CABLE. 10p per 
meter or £7.50 per 100 metre/drum. P&P £2 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap. 

· 75p ea. Box of 12 £5.50. P&_!' £! .5?·. . .. . . .. 
INFRA RED QUARTZ. LAMPS. 230V 620 watts. Size 131'2" x' 
lAJ" dia. £1.50 ea. 240V 1650 watts. Size 22=¥4" x 112" dia. £3 ea. 
BRIDGE RECnFIER. 2 Amp 50p ea . 
PHOTODIODE DETECTOR 4'' fly leads, 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 

i.~~Cin~ta~5J'a~d· MAINS .LEAD. Moulded 13 vertical flat pins 
centre offset) SOp ea. 
FANS. 115V 13 

DIAMOND H CONTROLS ROTARY SWITCH. Single pole 10-
way. Print.ed Circuit Mount. New 10o ea. 100 for £7.50. 
RAPID DISCHARGE capacitors Smfd 4kV £5 each. P&P £2. 

~~~~~:~~~~ o~~,P~~~~~~:7mfd 250V; 33K, 330pf. All values 
100 for £1.50. 

~o~:~;~~t~i'c~~:f~~~g~a~.BLE. New 40p per metre. 
10 metres for £3. 
GEC UHF 4-button tuner £1 .60 each. . 
CENTAUR 115V FANS. 41J2x41J2xJ1,'2". £4.50 ea. Ex-eqwp-
ment, tested SOp each. 
CONTACTORS. Heavy Duty 24V DC 5 make £1 each. 
GEC UHF/VHF 6-button tuner £2each. 

~~c"Ji~Jo~~~lT~~~~U~;;,\~/~~t~\:ontrol knobs cali

~~[18 ~l~~ t'if~~t~WR~0 ;;~hHZ £1 each. 
BRAND REX blue wire wraps. 30 metres for £1. P&P 25p 

l~~SJ~~~~~~ 115V. 1 Amp output£1 .25 each. P&P£125. 
240V Input. Soc. 6V. 1 .86A. Size 2112x2x2". Good quality £1 .60 

~:o~&i.,~~t Soc. 12V 0:92A. Size 21J2x2•2" . Good qual ity . 

~lo~ i~~~~~~~ OOMA Size 60 x 40 x 42mm 5Dp each . 
240V input. Sec. 12-0-1 2V SOMA Size 53 x 4~ x 40?;'!,' · f) ea5o 
115V input. Sec. 5V 250MA Size 1 11/16 x 1 .'?- x 1 .4 . 2 or P· 
115V input. Sec 10-0-10V1A. SIZe 2112 x 2 x 2 . 2 fo r £1 . ~0. 
:SEMICONDUCTORS 1 N4005 - 5p; 1 N4002 - 3p. 

~g~r~~\57, BC158, BC237, BF197, OA90. OA81, BC1488, 
BA154, BA243. 
At25p each: 

~~{i7 T~~:: ~l1~~£~gp~~16i3~T:9t~ 1 
BD241 40p; MA343AT 

49p; BD228 SOp; BD233 & BD234 Comp Pair 25W - BOp per 

~e~L5~T';;'R\BA625 8 to 20V in - 5V out 100MA T05 Con 

~p 9":Ch. 

~~~~i~~lJba.~l~.~o:2~ 1i':~~2~nP~~;r~~ 4.5 pt. 7 to 45 pf. All 
at &peach. 

• ~~~~~o~\~ME~~i~Yofi~n~~~:~r~ ~~~~:~~-justable (reset) in 

~~N~~T~IRt c~eJJt"~~rgli8~n ~~~:JH'.ri2s Pd~~~ s:;a~tp 
:~/Gn 7 SEGMENT per digit plus a fi ure one to the left plus 
a centre minus sign to the left of the ~gure one With dec1mal 
places between digits. Good brilliance at 1 .5V. 15 connections 

~.;oe eE~~:T. TRANSFORMERS and CAPACITORS available. 

~~LE;HO~~~eio& style black; grey or blue £5.50 ea: 746 style 
black or grey £7.50. Older style black £2.50 each. Discoloured 

B~~1~t,~ :o~~~ ~~-~~ ~~~ ~~~h~o"n~l nuous . Double shaft. 
Brand new. 4 wire 4 brush £_18 ea. Plus carrralle. 
PC Mount POTS. Wire wound with knob 200 ohm & 10 ohm. 

::1':.!~~-ELAY 24V. 2 po le c/o . Brand new 75p each. 
TIME DELAY RELAY 0.1 to 10 sees. 115V AC. DPDT. £5each. 
CAPACITORS at 5p each. 0.1uf 400V. Small rec. block PC 
Mount German class; 3300pf; 220nf 250V; 0.01mfd 160V. 
INSERT can be used as Microphone/Earp1ece IL1ke used as 
insert in telephone but super ior qual ity) . Ex-Min. Brand new 

~o~8~~~t5~RAN~FO~~ER~~-Input 0-120-240 vo_lts. Output 
0-12V; o .. 12V. 10VA per wind ing. Encapsulated ·-· 1dent1cal to 
R.S. Components at £8.90. OUR SPECIAL PRICE £5 ea. P&P 

i1~ALUM CAPACITORS - All at lOp each - 100 off £7.50. 

~1'Ni~;~~~9s~~~o~~~~~1~5~\~:;i'!dP~~ -2 way 1op each. 

~~A~~o~UTY RHEOSTAT. 7.50hm. 5.5Amp. Diameter 5" . 
Standard lt4' · shaft £2:5-~~~~ch.!&_P f1 :50. 

LARGE EX-MINISTRY SPEAKERS. OUTSIDE 15 ohm or 
500 ohm. Tested £25 each or 5 for £100. 

MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £1.50- where P&P not stated please_use own discretion - excess refunded. 
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED !0 ALL ORDERS. · 
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday me. BARClAVCARD(Cii"ii•'••d•i'COM EAD L TO 
NORWOOD ROAD, READING . . TELEP~ONE NO_. ~EAPING,669656 (2nd turning left past Reading Technical College in King's Road then f1rst -look on nght for door w1th Spoked Wheel ) 
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sabtroni c s 
An entire range of low-cost 

high-performance instruments 

*. ~~1~~'A~~~I2J.C2.1.l:Lt.Q .. Q~M, 
* 2015A 31!2 DIGIT l.C.D. DMM 
* 2035A 31!2 DIGIT l.C.D. HANDHELD DMM 
* 8110A 100 MHz 8 DIGIT FREQUENCY METER 
* 86108 600 MHz 9 DIGIT FREQUENCY METER 

80008 1 GHz 9 DIGIT FREQUENCY METER 
5020A 200KHz FUNCTION GENERATOR 
LP-110 MHz LOGIC PROBE 

• ALSO AVAILABLE IN KIT FORM 

* 2037A L.C .D . HAND HELD 
DMM WITH TEMPERATURE 

Test our low pri~ed test equipment. It measures up to the best. Compare our 
specs and our pnces - no-one can beat our price/performance ratio. 

sabtronics (fij 
"Making Performance Affo_rdab*le" 

Full colour Illustrated brochure and price list from: mn 
BLACK STAR L TO. 9a Crown Street W ffi ffil]' 
St. lves, Cambs. PE17 4EB 
Tel: {0480) 62440. Telex: 32339 

WW - 026 FOR FURTHER DETAILS 

Following the enormous success of the first two issues, 
Your Computer is being published monthly. The October issue 
is out now and like its predecessors it is full of articles specially 
written for the home computer ·enthusiast ... 

• Review of the Tandy Colour Computer- yet another 
contestant in the low-cost computer stakes. 

• Games. Two articles describe how to write draughts and 
chess programs for home computers. 

• ZX 80/81 Software. A review of cassette programs now on 
sale. 

• Programming the VIC 20. First part of a new series by Pet 
expert, Nick Hampshire. 

All this, plus the calculator page, club news, answers to 
your problems and six pages of games and program listings to 
try out on your computer. For only SOp 

WIRELESS WORLD OCTOBER 1981 

PEAK PROGRAMME AND DEVIATION MONITORING 
PEAK DEVIATION METER 

• • 
# • . 

·For monitoring mono or stereo FM stations either off air or at the transmitter. This is a rack mounting unit 
ealibra1ed in I<Hz, p8rcent and decibels including a 7.5kHz deviation standard: with 400Hz and 53kHz. 
modulatong froquoncios, and a high impedance probe head for use with a monitor receiver. During 
programme monitoring the true peak multiplex deviation with a very fast attack time meter gives much 
more msight into m~ulation levels and limiter overshoots than spectrum analyser displays or standard 

.programme meters showing the decoded stereo signals . 

'PROGRAMME AND DEVIATION CHART RECORDERS 
On• or lwCH:hannol units which record levels on inkloss paper scaled 1-7 and 0 · 100kHz. The paper travels 
~~koro.::~:nhour and may be swrtched to monitor left, Right, Sum. Oifference and, with the above unit, 

Broadcast M_onitor Receiver 1.5.0kHz-30MHz w Stereo Disc Amplifier 2 and 3 * 

~~e~~~f;~i~~~~~~~~n a~:r~~~; tiv~t~~;~~?[s !it~r~~=~:"tu~~~ ~~~~~.!:,~:r: u"tm~~;;;9 P~~ 
Boxes, Coax1al TWIN With sum and difference and Mono* 

IU.RREY ELECTRONICS, T11oo ........ Lucb o ...... Cra ..... h, au,..y OUI 780. Tel: 0481.1 1117 , 

LOW VOLTAGE 
POWER DRILLS 

AND ACCESSORIES 
lflu~tr~tion shows Tit~n Drill and Stand 
(Price £27 inc. VAT and Postage) which 
is One of the combinations which can be 
purchased from our comprehensive range 
of Drills and Accessories . 
Prices from £8.34 (Reliant Drill only) inc . 
VAT and Postage. 

Send 25p for Catalogue. 

A. D. BAYLISS & SON L Tit 
.... P.FERA WO.RKS, REDMARl.EY 
~ GLOUCESTER GL19 3JU 
BarclaVi:an( Access WelcomS' 
Tel. Brome•berrow (053; 81) 273· 
Stockists:. liichards Electric, Gloucester 

0 8t D Models, Hereford 
Hoopers of Ledbury 
Hob~s of Ledbury 

Put in a regular order with 
your newsagent now. Or take out a subscription at 
our special introductory rate of £6.00 for 12 issues. .---------1 To: Marketing Department, Room 316, .IPC Electrical-

Electronic Press Ltd., Quadrant House, The Quadant, 
· Sutton, Surrey SM2 5AS. I 

I 
Please send me 12 issues of Your Computer 

I enclose a cheque/PO. for £6 UK/£12 Overseas, payable 
to IPC Business Press Ltd . . . 

I Name 

Address 

I 

, 
I 
I 
I 
I 

L 
-
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~.· ______ , 
~ NATIONAL * * INSSO&ON II SPA/GOON! EX-STOCK . 

SPECIAL OFFERS 
TANTALUM CAPACITORS 
.1-35v 
.22-35v 
4-7-35v 

25+ 
.06 
.06 
.095 

100+ 
.055 
.055 
.085 

6.8-35v 
10-50v 
15-35v 

25+ 
.095 
.18 
.18 

100+ 
.085 
.165 ' 
.165 

ELECTROLYTIC CAPS 
AXIAL 

2.2-63v 
10-63v 

100·25v 

25+ 
.03 
.035 
.045 

100+ 
.025 
.03 
.04 

RADIAL 
2.2-63v 
10-16v 
220-16v 

25+ 
.03 
.03 
.045 

FULL SPECIAL OFFER LIST AVAILABLE 

100+ 
.025 
.025 

.04 

We also stock Microprocessors, CMOS, TTL, Transistors, Capacitors, Potzf
giometers, Connectors, etc. Free catalogue available to trade customers only. 
Enquiries welcome. 

Please add £1.50 handling charge and 15% V.A.T. 

Harrison Bros. 
Electronic Distributors 

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

· Tel: Southend-on-Sea (0702) 32338 
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PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

,-st"rlpilrie-iTP<>wer-amp-Sept: -1-975-=-1<:f'5. ·· £5:oo 
.Audio compressor/limiter-Dec. 1975-1 s.s. (stereo) £4.25 
F.m. tuner (advanced)-April 1976-1 s.s. £5.00 

·Cassette recorder-May 1976-1 s.s . £5.00 
Audio compander-July 1976-1 s.s. £4.25 
Time code clock-August 1976-2 s.s. 3 d .s. . . . . . . . . . £15.00 
Date, alarm, b.s.t. switch-June 1977-2 d .s. 1 s.s . . . . . . . . . . . £9.50 
Audio preamplifier-November 1976-2 s.s . . . . . . . . . . . . . £8.50 
Additional circuits-October 1977-1 s.s. . . . . . . . . . . £4.00 
Stereo coder-April 1977-1 d .s. 2 s.s . £8.60 

:Morse keyboard and memory-January 1977-2 d .s. 
i (logic board 1 O~in. x Sin .) (keyboard and matrix 13in . x 1 Oin.) £14.00 
Low distortion disc amplifier (stereo)-September 197 7-1 s.s . . .. £2.00 . 
Low distortion audio oscillator-September 197 7-1 s.s. . . . . £3-50 I 

' Synthesized f .m. transceiver-November 1977-2 d .s. 1 s.s. £12.00 t 

Morsemaker-June 1978-1 d.s . £4.50 ' 
Metal detector-July 1978-1 d .s. . . . . . . . . . £3.75 : 
Oscilloscop·e waveform store-October 1 g78-4 d .s. £18.00 ' 
Regulator for car alternator-August 1978-1 s.s. £2.00 · 
Wideband noise reducer-November 1978-1 d .s. £5.00 
Versatile noise generator-January 1979-1 s.s. . . . . . . . . . . . . £5-00 
200MHz frequency meter-January 1979-1 d.s. . . . . . . . . £7.00 
High performance preamplifier-February 197 9-1 s.s. £5.50 
Distortion meter and oscillator-July 1979-2 s.s. · £5.50 
Moving coil preamplifier-August 1979-1 s.s. £3-50 
Multi-mode transceiver-October 1979-10 d.s. . . £35.00 
Amplification system - Oct. 1979-3 preamp 1 poweramp £4.20 each 
Digital capacitance meter-April 1 980-2 s.s. . . . . £7.50 
Colour graphics system-April 1980-1 d .s. £18.50 
Audio spectrum analyser-May 1 980-3 s.s . £10.50 

. Multi-section equalizer-June 1 980-2 s.s. £8.00 . 
j FJoatmg-bndgeyower amp·- Oct 1980- 1 s s (12V or 40V) . £4.00 

Nanocomp -Jan . 1981 - 1 d .s. 1 s s. . . . . . . . . . . . . . £9.00. 
, Logic probe- Feb. 1981 - 2 d .s. . . . . . . . . £6.00 
IM.Oduiartrequency counters-March 1981-8 s.s. . . '£20.00 
Opto-electronic contact hreaker (Delco)-April1981-2 s.s.. . · £4.00 

· Boards ar.e glassfibre, roller-tinned and drilled. Prices include; 
V.A.T. and U.K. postage . 
Airmail add 20%, Europe add 1 0%, Insurance 10% . 
' Remittance with order to: 

M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 
WW - 034 FOR FURTHER DETAILS 

TRANSFORMERS 
CONTINUOUS RATINGS 

MAINS ISOLATORS 12or24-VOLTRANGE 
(screened) Separate .12\1 windings Pri 220-240V 
Pri 0-120; 0-100-120V (120, 220, 240V) Sec 60 Ref. 12v Amps 24v· £ P&P 
55-0-55 60 twice to give 55, 60, 110, 115, 120, 111 0.5 0.25 2.42 .95 
125,175, 180,220,225,230,235,240V. 213 1 0 0 5 2 90 1 00 
Ref. VA (Watts) £ P&P 71 2'0 1·0 3.86 1'oo 
07* 20 4.84 1.20 . . . . 
149 60 7 37 1 2b 18 4.0 2.0 4.46 1.20 
150 100 8:38 1:44 85 5.0 2.5 6.1& 1.20 
151 200 12 28 i 72 70 6.0 3.0 6.99 1.20 
152 250 14.61 2.04 108 8·0 4.0 8.16 1.44 
153 350 18.07 2.12 72 10·0 5.0 8.93 l .60 
154 500 . 22.52 2.20 116 12·0 6.0 9.89 l.60 
155 750 32.03 OA 17 16.0 8.0 11 .79 1.72 
156 1ooo 40·92 OA 115 20.0 10.0 15.87 1.84 
157 . 1500 56.52 OA 187 30.0 15.0 19.72 2.04 
158 2000 67:99 OA 226 60.0 30.0 40.41 OA 
159 3000 95.33 OA 30 VOLT RANGE (Split Sec) 1 1 6000 203.65 OA 

Pri 220-240V. Volt available 3, 4, 5, 6, 8, 9, 10, 12, 
15. 18, 20, 24, 30V or 12V-0-12V or 15V-0-15Y 

15 or sec only. State volts requ ired. 

Amps 
Pri 220·240V. Volt available 5, 7, 8. 10, 13. 15, 
17, 20. 25. 30, 33, 40 or 20V-0-20V or 25V-O- . 

Ref. 30v 15v £ 
112 0.5 1 2.90 

25V 

Ref. 
102 
103 
104 
105 
106 
107 
118 
119 
109 

·Amps 
50v 25v 
.5 1 
1 2 
2 4 
3 6 . 
4 8 
6 12 
8 16 

10 20 
12 24 

Pri 220·240V (Spl it Sec) 
Voltages available 6, 8, 10, 12, 16, 
18, 20, 24, 30, 36, 40. 48. 60V, or 
24V-0-24V or 30V-0-30V 

Amps 
Ref. 60v 30v 
124 .5 1 
126 1 2 
127 2 4 
125 3 6 
123 4 8 

40 5 10 
120 6 12 
121 8 16 
122 10 20 
189 12 24 

·4oot44ov 
400/440 to 200/240 

VA Ref. £ 
60 243 7.37 

250 246 4.61 
350 247 18.07 
500 248 22.52 

1000 250 45.94 
2000 252 6'7.99 
3000 253 95.32 
6000 254 189Jl2 

P&P 
1.20 
2.04 
2.04 
OA 
OA 
OA 
OA 
OA 

CASED AUTOS 
240V cable input USA 115V outlets 
VA Price · P&P Ref 

20 £6.55 .95 56W 
75 £8.50 1.20 64W 

150 £11 .00 1.44 4W 
200 £12.02 1.44 65W 
250 £13.38 1.44 69W 
500 £20.13 2.04 67W 

1000 £30.67 2.20 84W 
2000 £54.97 OA 95W 

0-15 VCT (7.5-0-7.5V) 
Ref. Amp P&P 
171 500MA .52 
172 1A .90 
173 2A .90 
174 3A .99 
175 4A 1.10 

79 1 2 3.93 
P&P 3 2 4 6.35 
1.20 ~~ 43 68 7.39 
1 20 8.79 
1:44 51 5 10 10.86 
1.60 . 117 6 12 12.29 
1.72 88 8 16 16.45 

1.84 ~g ~ ~ ~~ ~~:~: 2Jg 91 15 30 24.18 
OA 92 20 40 32.40 OA 

SCREENED MIN lA TURES Pri 240V 
Ref. mA Sec Volts £ P&P 
238 200 3-0-3 2.83 .50 
212 1A,1A 0-6,0-6 3.14 1.00 

13 100 9-0-9 2.35 .50 
235 330, 330 0-9, 0-9 2.19 .60 
207 500, 500 0-8-9, 0-8-9 3.05 .95 
208 1A. 1A 0-8-9, 0-8-9 3.88 1.20 
236 200,200 0-15,0-15 2.19 .60 
239 50MA 12-0-12 2.88 .50 
214 300,300 0-20,0-20 3.08 1.00 
221 700 (DC) 20-12-0-12-20 3.75 1.00 
206 1A, 1 A 0-15-20, 0-15-20 5.09 1.20 
203 500,500 0-15-27,0-15-27 4.39 1.20 
204 1A.1A 0-15-27,0-15-27 .6.64 1.20 

AUTO TRANSFORMERS 
Voltages available 105, 115, 190, 200, 210, 220, 

~!~.' ~g· r:a~i~\ up or ste_rA~Swn. £ P&P 
113* 15 0-10-115-210-240V 2.71 LOO 
64 80 0-10-115-210-240V 4_41 1.20 
4 15o 0-10-115-200-220-240V 5.89 1.;w 

67 500 0-1 0-115-200-220-240V 12.09 1.84 
84 1000 0-10-115-200-220-240V 20.64 2.20 

·93 1500 0-10-115-200-220-240V 25.61 OA 
95 2000 0-1 0-115-200-220-240V 38.31 OA 
73 3000 0-1 0-115-200-220-240V 65.1.3 OA 

80s 4000 0-1 0-115-200-220-240V 84.55 OA 
57s 5000 0-1 0-115-200-220-240V 98.45 OA 

CONSTANT VOL E TRANSFOFW!ERS ± 1% 
For 'clean' mains to computers, peripherals. 
250VA £95.00 + ~--
500VA £127.00 p&p J Also_I.C. 
1kVA £147.00 + s.ensmg W,pes 
2kVA £229.00 VAT I to 6%for low 

volta 
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Since its introduction the Sharp MZ -80K has proved to be You'll find all the help and advice you need about ....... -.-~ 
one of the most successful and versatile microcomputer the MZ -80K at your Specialist Sharp Dealer in the list below. 

· systems around. Sharp now have a comprehensive range of If there is no dealer in your area, or .if you require any further 
products ready to make the powerful MZ -80K with its information write to:-Computer Division, Sharp Electronics (UK) Ltd .. 
Printer and Disc Drives even more adaptable. Sharp House, Thorp Road, Newton Heath, Manchester M10 9BE. 

Products include:- Universal Interface Card, Machine-· SHARP 
Language and Z-80Assembler packages, CP/M* plus a · --:2 •• _ 
comprehensive range of software. - · Ttwt 4ltfi ~A~-A4-t 
*Trade mark of Digital Research Ltd. -; V" UVTT&AAJ 

AVON 
BCG Shop Equipment Ltd 
Bristol, Tel : 0272 425338 
Decimal Business M/Cs Ltd 
Bristol, Tel: 0272 294591 
BEDFORDSHIRE 
H.B. Computers (Luton) ltd 
Luton, Tel: 0582 416887 
BERKSHIRE 
New bear Computing Store ltd 
Newbury. Tel: 0635 30505 
BIRMINGHAM 
Camden Electronics 
Small Heath, Tel : 021 -773 8240 
E. B.S. Ltd 
Birmingham, 1, Tel: 021-233 3045 
Electronic Business Systems Ltd 
Birmingham. Tel: 021-384 2513 
Jax Rest Ltd 
Birmingham, Tel: 021-3284908 
Newbear Computing Store Ltd 
Birmingham B26, Tel: 021-707 7170 
BUCKING HAMSHIRE 
Interface CoiT'ponents Ltd 
Amersham, Tel: 02403 22307 
CHESHIRE 
Charlesworth of Crewe Ltd 
Crewe, Tel: 0270 56342 
Cash Register Services 
Chester. Tel: 0244 317549 
Chandos Products 
New Mills, Tel: New Mills 44344 
Cheshire Computer Services Ltd 
Levenshulme, Tel: 061-225 4763 
Fletcher Worthington Ltd 
Hale, Tel : 061-928 B928 
Newbear Computing Store Ltd 
Stockport, Tel: 061-491 2290 
OrsGroup Ltd 
War~ngton, Tel: 0925 67411 

GET IT ALL HERE ••• 
CLEVELAND 
Hunting Computer Services ltd 
Stockton-on-Tees, Tel: 0642 769709 
DERBYSHIRE 
Lowe Electron its Ltd 
Matlock, Tel: 0629 2817 
DEVON 
Crystal Electronics Ltd 
Torquay, Tel : 0803 22699 
Plymouth Computers 
Plymouth. Tel: 0752 23042 
EXETER 
Peter·Scott (beter) Ltd 
Exeter, Tel: 0392 73309 
DORSET 
South Coast Business M/Cs 
Ferndown, Tel : 0202 893040 
ESSEX 
Prorole Ltd 
Westcliff-on-Sea, Tel : 0702 335298 
GLOUCESTERSHIRE 
Gloucestershire Shop Equipment itd 
~~~~~~~~1 : 045:? 36012 . 

~~~~~~!1~8:~;:~f&t15 
Xitan Systems ltd 
Southampton, Tel: 0703 39890 
KENT 
Video services (Bromley) Ltd 
Bromley, Tel : 01 -4608833 
LANCASHIRE 
H. R. Control Systems Ltd 
Chorley, Tel: 02572 75234 
Sound Service 
Burnley, Tel: 0282 38481 
,Sum ita Electronics Ltd , 
Preston, Tel: 0772 51686 
The Micro Chip S~op 
Blackpool, Tel: 0253 403122 

LEICESTERSHIRE 
GilbertComputers . 
Lubenham. Tel: 0858 65894 

~~:sf:.~~:~&~t 556268 
Leicester Computer Centre 
Leicester. Tel : 0533 556268 
MayesHifi 
Leicestershire,Tel : Leies. 22213 
LINCOLNSHIRE 
Howes Elect. & Autom. Servs. 
Lincoln, Tel: Lincoln 32379 
Z. R. Business Consultants 
Lincoln, Tel: 0522 680087 
LONDON 
Bridgewater Accounting 
Whetstone, Tel: 01-446 0320 
Butei-Comco Ltd · 
Hendon, Tel : 01 -202 0262 
Central Calculators Ltd , 
London EC2, Tel: 01-729 5588 

e:~~~~ ~~.i~1&o?_~v:~~nt 
Euro•Calc Ltd 
London WC1, Tel: 01-405 3223 
Euro-Calc ltd 
London EC2, Tel 01-729 4555 
Euro-Calcltd 
London W1, Tel: 01-636 5560 
Lion Computer Shops Ltd 
London WI, Tel: 01·6371601 
Personal Computers Ltd 
London EC2.Tel: 01 -6268121 
Scope ltd 
-London EC2, Tel 01-729 3035 
Sumlock !londain Ltd 
London EC1, Tel: 01-253 2447 

·.MANCHESTER 
Sumlodc Electronic Services Ltd 
Manchester M3, Tel: 061-834 4233 
Sumlodc Software Ltd 
Manchester M3, 
Tel: 061-228 3502 
MERSEYSIDE 

[fJ~;:f.i.}!l1 ~1-227 2535 
Sota Communication Systems · 
~~ftF~t~4,Tel : 051-4805770 

Sum lock 8ondain (East Anglia) 
Norwich, Tel : 0603 26259 
NORTHAMPTONSHIRE 
Computer Supermarket 
Corby, Tel 05366 62571 
H.B. Computers Ltd 
Kettering, Northamptonshire, · 

. Tel : 0536 520910 
NORTHERN IRELAND 
8romac(U.K.) 
Co. Antrim, Tel: 023831 3394 
O&MSystems 
Belfast, Tel : 0232 49440 
The Microcomputer Centre (N.1.) 
Belfast, Tel Belfast 682277 
NOTIINGHAMSHIRE 
Mansfield Business M/C ltd 
Mansfield, Tel : 0623 26610 
OXFORDSHIRE 
Oxford Computer Centre 
Oxford, Tel: 086545172 
or 0865 49349 
REPUBLIC OF IRELAND 
O'Connor Computers Ltd 
Galway, Tel: 000961173 
Tomorrows World Ltd 
Dublin 2, Tel : 0001 776861 
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SALOP 
Computer Corner 
Shrewsbury, Tel: 0743 59788 
SCOTLAND 
A&GKnight 
Aberdeen, Tel: 0224 630526 
Business and Electronics M/Cs 
Edinburgh, Tel: 031-226 5454 
Micro Centre 
Edinburgh, Tel: 031·556 7354 
Microforth 
Dunfermline, Tel : 0383 34954 
Moray Instruments Ltd 
Elgin, Tel : 0343 3747 
Pointer Business Equipt Ltd 
Glasgow, Tel : 041-332 3621 
Tyseal Computers Ltd 
Aberdeen, Tel : 0224 573111 
SOMERSET 
Norsett Office Supplies Ltd 
Cheddar. Tel 0934 742184 
SOUTH HUM8ERSIDE 

~~ji~~~i~~r 51~ir:5353 
STAFFORDSHIRE 
W. B. Computer Services 
Cannock. Tel : 0543 75555 
SUFFOLK 
C.J. R. Microtek Co. Ltd 
Ipswich, Tel : 0473 50152 
SURREY 
R.M.B.Ltd 
Croydon, Tel: 01-6841134 
Saradan Electronic Services 
Wallington, Tel: 01 -669 9483 
T & V Johnson (Microcomputers) 
Cambeney, Tel: 0276 20446 

SUSSEX 
Gamer 
Brighton, Tel: 0273 698424 
Jax Rest Ltd 
Brighton, Tel: 0273 687667 
M & H Office Equipment 
Brighton, Tel : 0273 697231 
Oval Automation 
Worthing, Tel : 0903 501355 
WALES 
Limrose Electronics Ltd 
Wrexham,Tel : 097 883 5555 
Morriston Computer Centre 
Swansea. Tel: 0792 795817 
Sigma Systems Ltd 
Cardiff, Tel 0222 21515 
WARWICKSHIRE 
Business & Leisure Microcomputers 
Kenilworth, Tel : 0926 512127 
WORCESTERSHIRE 
Capricorn Computer Systems 
Worcester, Tel : 0905 21541 
YORKSHIRE 
Bits&P.Cs 
Wetherby, Tel : 0937 63744 
Datron Micro-Centre Ltd 
Sheffield,Tel: 0742 585490 
Huddersfield Computer Centre 
Huddersfield, Tel : 0484 20774 
Superior Systems Ltd 
Sheffield, Tel: 0742 755005 
Ram Computer Services Ltd 
Bradford.Tel : 0274391166 
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BSR DE LUXE AUTOCHANGER £20 
Plays 12", 1 0" or 7" records, 
Auto or Manual. A high qual
_ity unit backed by BSR relia
bility. Stereo Ceramic Car
tridge. AC 200/250V. Size 131h 
x 11 V4in. 3 speeds. Above 
motor board 33f4in. Below 
motor board 2V2in. w i t h 
Ope~ating Stereo Cartridge. 

~- ll 
~ ' 
• !,.; 

... ~ ~ . / 

·~.:---/ ~I 

Post £2 Board £1 extra 

HEAVY METAL PLINTHS Post r2 
Cut out for most BSR or Garrard decks. 
Silver grey finish. Size 16x133f4in. 

DECCA TEAK VENEERED PUNTH. Post £1 .50 

£4 

Superior finish with ssace and panel for small ampli-

~i~~ln0:;~~4fnu~ f~~~Bia~k ~~~e::t!~?~ trim. · £5 
WOOD PLINTH, TEAK EFFECT Size 15 x 15 x 3i n . £J 
with board cut for B.S.R. (Post £1) 

PIONEER and J.V.C. TEAK VENEERED PUNTH Post £2 

19 x 141hin. with Plastic Cover 173f4 x 13in £10.50 
TINTED PLASTIC COVERS . Post £1.50 
Sizes: 141h x 12V2 x 3in. £5.18% x 121f2 x 3in. £6 
18 X 131f4 X 4in. £6. 11V4 X 91h X 31hin. £3. 

BSRP172RIM 
'QUALITY DECK 
Manual or automatic play. 
Precision ultra slim arm. 
Cueing device. Bargain price 
With stereo ceramic cartridge Post £2 
BSR P207 BUDGET SINGLE PLAYER ideal for disco or 
small two-speed Hi·Fi system with stereo cartridge and 

cueing device. £15 Post £2 . 

BSR ready cut- mounting board. Only £1 extra. 

GARRARD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and 
Diamond Stylus, 3-speeds. Manual and Auto Stop/Start. Large 
Metal Turntable. Cueing Device and Pause Control. £22 p t £

2 Ready cut mounting board £1 extra. · . os 

BAlTERY ELIMINATOR MAINS to 9 VOLT D.C. 
Stabilised output, 9 volt 400 m.a. U.K. made in plastic 
case with screw terminals. Safety overload cut out. Size 
5 x 3% x 2V2in . Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £4.SO. Post 65p. 

DELUXE SWITCHED MODEL STABILISED VOLTAGES 
3:6-7Vz-9 volt 400ma DC max. Universal output plug 
and lead. Pilot light, mains switch, polarity switch, 
£7.50. Post 65p. 

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy to build kit. 
Controls up to 480 watts AC mains, £3. Post 65p. 
DE LUXE MODEL READY-BUILT 800 watts plus Photo Electric 
Sunset "On" feature, Front plate fits standard box, £4. 

ECHO CHAMBER or REVERB 
Good quality u.nit with end
less play tape cartridge. 
Stationary play heads ensure 
good reproduction and echo 
variance is achieved by 
changing tape speed. Input 
imp: 50k and 600 ohms. 
Power : 240 volts A .C. 

£68. Post £2. Spare tape £5. 

RELAYS. 12V DC £1 .25. 6V DC 9Sp. 1 8V £1.2S. 
BLANK ALUMINIUM CHASSIS. 6 x 4-£1.20; 8 x 6-£1.SO; 
10 X 7-£1 .90; 12 X 8-£2.20; 14 X 9-£2.S0; 16 X 6-£2.40; 
16 x 10-£2.70.AII21f2in. deep.18swg 
ANGLE AU. 6 x 3f4 x 3f4in. 18 swg. 2Sp. 
ALUMINIUM PANELS, 18swg. 6 x 4-36p; 8 x 6-60p; 
14 X 3-60p; 10 X 7-80p; 12 X 8- 90p; 12 X 5-60p; 
16x6-90p: 14x9-£1.20: 12x12-£1.30; 16x10-£1.40. 

PLASTIC AND All BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 X 4 X H1 £1. 4 X 21f.! X 2£1 . 
3 X 2 X 1 80p. 6 X 4 X 2 £1.30. 7 X 5 X 21h £1.45. 8 X 6 X 3 £2,20. 

·10 X 7 X 3£2.50.12 X 5 X 3£2.30.12 X 8 X 3£3.AII18swg. 

BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1.SO. Sa £2.SO. 
TOGGLE SWITCHES SP 30p. OPST 40p. DPDT SOp. 
RESISTORS. 100 to 10M. 1f4W, V2W, 1W, 1p: 2W lOp. 
HIGH STABILITY. V2w 2'% 10 ohms to 1 meg. Bp. 
Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p. 
WIRE-WOUND RESISTORS 5 watt, 1 0 watt, 15 watt 20p 
PICK-UP CARTRIDGES SONATONE 9T AHC £2.50. 
BSR Stereo Ceram ic SC7 Medium Output £2. . 
PHILIPS PLUG-IN HEAD. AU1020 (G306- GP310- GP233-
AG3306- AG331 0) £2. · 
LOCKTITE SEALING KIT DECCA 118 , Complete £1 . 
SOLDERING IRON 240V 40W. 5mm bit £2.9S. 
JACK PLUGS Mono Plastic 25p; Metal30p. 
JACK PLUGS Stereo Plastic 30p; Metal 3Sp. 
JACK SOCKETS Mono Open 20p; Closed 25p . 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS - Cable end 30p. 
2.5mm and 3.5mm JACK SOCKETS 20p. 
2.5mm and 3.5mm JACK PLUGS 20p. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin tOp. Free Sockets 3-pin, 5-pin 2Sp. 

~~8~~~rJ~~; a5~~i~~~kETS ea . 10p. 
Free Socket for cable end ea. 1Sp. 
Screened Phono Plugs ea . 15p. 

MINI-MULTI TESTER 
Deluxe pocket size precision moving 
coil instrument. Impedance + 
- 2000 o.p .v. Battery included. 
11 instant ranges measure: 
DC volts 10, 50,250, 1000. 
AC volts 10, 50, 250, 1000. 
DCamps0-100mA. 
Continuity and resistance to 1 meg 
ohms in two ranges. 

De-Luxe Range Doubler Model, · 
50,000 o.p.v. £18.50.7 x 5 x 2in . Post£1 

PA 
50~-ta 1 00~-ta 500~-ta, 
1 rna, 5ma, 50 rna, 1 OOrna, 
25 volt, 50 volt, VU Meter. 
Facia 2% x 1% x 1 V2in. 
Fixing hole 1 V2in. dia. 
lighting kit 6 or 12v 90p extra. 
1 rna (240° scale) 2%in. sq . £5 Post65p 

RCS CONTROL KIT 
Kit of parts to build a 3 channel sound to light unit £ 1·5' 
1,000 watts per channel : Suitable for home or disco. 
Easy to build . full instructions supplied. Cabinet . Post 95p 
£4.50 extra. Will operate frorn 200MV to 100 watt s1gnal. . 
200 Watt Rear Reflecting White Lig ht Bulbs. Ideal for Dtsco 
Lights, Edison Screw. 6 for £4, o r 12 for £7:50. Post 65p . 

"MINOR" 10 watt AMPLIFIER KIT £14 
This kit is suitable for ,r'ecord players, guitars, tape playb_ack, 
electronic instruments or small PA systems. Two verstons 
qvailable : Mono, £14; Stereo, £20. Post £1 . Specification 
lOW per channel; input 100mV; size 91!2 x 3 x 2in . approx. 
SAE details. Full instructions supplied . AC mains powered. 
Input can be modified to suit guitar. · 

RCS STEREO PRE-AMP KIT . All parts to bui ld this pre~amp . 
Inputs .for high, medium or low imp per channel, 

with volume control and PC Board 
Can be to make multi-way stereo mixers 

MAINS TRANSFORMERS 
250-0-250V 70mA, 6.5V, 2A 
250-0-250V SOmA, 6.3V 3.5A, 6.3V 1 A 
350·0·350V 250mA, 6.3V 6a C.T. 
300·0-300V 120mA, 2x6.3V 2A C.T.; 5V 2A 
220V 45mA';6.3V 2A 
GENERAL PURPOSE LOW VOLTAGE 
Tapped outputs available 
2 amp. 3, 4. 5, 6, 8, 9. 10. 12, .15, 18, 25 and 30V 
1 amp. 6, 8.10.12. 16, 18,20, 24,30,36,40, 48,60 
2 amp. 6, 8, 10, 12, 16, 18. 20. 24, 30, 36. 40, 48,60 
3 amp. 6, 8, 10, 12, 16, 16, 20, 24. 30. 36, 40, 48, 60 
5 amp. 6, a. 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 
12V, 100mA £1 .30 SOp 20V, 40V. 60V. Ia 
12V, 750mA £2.00 SOp 12V, 3a 
10-0-IOV 2a £3.00 £1 IOV, 30V. 40V, 2a 
JOV, 5a and , 2 of 28 volt 1 a 
t7-0-17V 2a £4.50 £:2 20V, la 
0.5, 8, 10. 16V. lt.za £2.50 BOp 20V-0-20V, Ia 
9V 3a £3.50 £1 9·0-9V SOma 
25:0-25V 2a £4.50 £1 2 of 18V, Sa 

~~~;i;!.la g:~~ ~1 ~~:01/!~v, 2a 
15.Q-15V, 2a £3.75 £1 32-0-32V, 6112a 

WOUND 115Vto 240V 150W£9; 400W. £11; 

CHARGER TRANS 
6-12 volt 3a 
6-12volt4a 

Post 
£4.00+£2 
£6.50+£2 

OPUS COMPACT 
SPEAKERS 
FLUTED WOOD FRONTS 
TEAK VENEERED CABINET 
11 x81f2x7in 15 watts 
50 to 14,000 cps. 4 ohm or 8 

£20 pair Post £2 

RECTIFIERS 
6-12 volt2a 
6-12 volt4a 

£2.95 
65p 

Post 
£4.50 £2 
£5.00 £2 
£12.00£2 

£10.00 £2 
£2.50 £1 

£6,00 £2 
£6.00 £2 
£9.50 £2 

£12.50 £2 
£16.00 £2 

£4.00 £2 
£3.50 £1 
£3.50 £1 
£5.00 £2 
£3.00 £1 
£3.50 £1 
£1 .50 SOp 

£11.00 £2 
£3.50 £1 
£1 .50 SOp 

£11 .00 £2 
SOOW.£122 

Post 
£1.10+80p 
£2.00+80p 

LOW VOLTAGE ELECTROL ALL Op ' 
1 nil, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 · 
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47 
mf/10v; 50 mf/6v ; 68 mf/6v/10v/l6v/ 
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v; 220 
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680 
mfl6v/10v/16v; 1000 mf/2.5v/4v/10v; 1500 mf/ 
6v/10v/16v; 2200 mf/6v/l0v; 3300 mf/6v; 
4700 mf/4v. ALL tOp. 

.soomF 12v 1Sp; 25V 20p; sov 30p. 
1000mF 12V 20p; 25V 35p; 50V SOp; 100V 70p. 
2000mF 6V 2Sp; 25V 42p; 40V 60p; 1200mF 76V BOp. 
2500mF 50V 70p; 3000mF 50V 6Sp; 2000mF 100V £1. 
4500mF 64V £2. 4700mF 63V £1 .20. 2700mF/76V £1. 
HIGH VOLTAGE ELECTROL YTICS 
8/450V 4Sp 8+8/450V 7Sp 32 .f- 32+16/350V 90p 
8/800V £1.20 8+ 16/450V 75p 1 00+ 1 00/275V 6Sp 
16/350V 4Sp 20+20/450V 75p 150+ 200/275V 70p 
32/500V 75p 32:t-32/350V SOp 220/450V 95p 
32/350V SOp 32+32/500 £1.80 80 + 40/500V £2 
50/500V £1.20 50+50/300V SOp 

VALVE OUTPUT Transformers (small) 90p. 
TRIMMERS 10pF, 30pF, 50pF, Sp. 100pF, 150pF, 1Sp. 
CAPACITORS Various 1 Opf to 1 OO,OOOpf Sp. 
PAPER 350V-0.1 7p; 0.513p; 1mF 150V 20p; 2mF 150V 20p; 
500V-0.001 to 0.05 12p; 0.1 15p; 0.25 2Sp; 0.47 3Sp. 
MICRO SWITCH SINGLE POLE CHANGEOVER 30p. 
SUB-MIN MICRO SWITCH, 30p. Single pole changeover. 
TWIN GANG, 120pF 50p : 500pF £1. 
GEARED TWIN GANGS 25pF 95p. 365pF £1 . 
GEARED 365 + 365 + 25 + 25pf £1 . 
TRANSISTOR TWIN GANG. Japanese Replacement SOp. 
NEON PANEL INDICATORS 2SOV 30p. 
ILLUMINATED ROCKER SWITCH. Single pole. Red 65p. 

POTENTIOMETERS Carbon Track CASSETTE MONO REPLAY. Complete working £12.50 

5kU to 2M . LOG or LIN. LIS SOp. DP 90p. Stereo LIS £1 .10.. g:~~~:g:~ ~~J~~Ny;~l.tf~r 
12

v Stereo Heads £5 
DP £1 .30 . Edge Pot 5K, SP 

45
P· . U.H.F. COAXIAL CABLE SUPER LOW LOSS. 25p yd. 

NEW J bakerf Star sound 
high power full range 
quality loudspeakers 
produced to give 
exceptional 
reproduction. Ideal for Hi
Fi, musicP.A. or 
discotheques. These 
loudspeakers are 
recommended where 
high power handling is 
required with quality 
results . The high flux 
ceramic magnet ensures 
clea r response. 
MODEL INCHES OHMS 
MAJOR 12 4-8-16 
DELUXE MK II 12 8-16 
SUPERB 12 8-16 
AUDITORIUM 12 8-16 
AUDITORIUM 15 8-16 
GROUP 45 12 4-B-16 
GROUP 75 12 . 4-8-16 
GROUP 100 12 8-16 
GROUP 100 15 8-16 
DISCO 100 12 8·16 
DISCO 100 15 8-16 

WATTS 
30 
15 
30 
45 
80 
45 -
75 

100 
100 
100 
100 

TYPE 
HI-FI 
HI-FI 
HI-FI 
HI-FI 
HI-FI 
PA 
PA 
PA 
PA 
DISCO 
DISCO 

PRICE POST 
£14 £2 
£14 £2 
£24 £2 
£22 £2 
£34 £2 
£14 £2 
£22 £2 
£24 £2 
£32 £2 
£24 f2 
£32 £2 

BAKER 150 WATT MIXER/POWER 
AMPLIFIER £89 Post£2 
For Organs, Discotheque, Vocal, Public Address. Three loudspeaker 
outlets for 4, 8 or 16 ohms. Four high gain inputs, each 20 mv, 50K ohm, 
Individual volume controls " Four channel" mixing. 150 watts mto 8 
ohms A.M.S. Music Power. Distortion less than 1%. Slave output 500 
M.V. 25K.ohm. Frequency Response 25Hz -20kHz ± 3~B. ln~egral1 H,i; 
Fi preamp separate Bass & Treble. Compact - 16. x 8 x SV'l . 
Lightweight - l41b : Master volume control. Made tn England. 12 
months' guarantee. 200/250v A. C. mains or 120V to order. All tranststor 
and sol id state devices. 100 Volt Line £15 extra . 
BAKERS NEW PA150 MUSIC PAAMPLIFIER £129. 
4 channel inputs, dual impedance, 50K-600 ohm 4 channel controls, 
volume, treble, bass. Prescen.ce Master volume control, echo and 
send/return sockets. 

BAKER 
50 WATT 
AMPLIFIER 

. ,'l·; ~·~ ";~·::~:· ~~.~:Q.; ·: 
~. '~·' ' ~- '"' ''"" , ... ..... 

£69 Post £:2 . 
Ideal for Halls/FA systems, Discos and Groups. Two tnputs . 
Mixer, Volume Controls, Master Bass, Treble and Gain. 

RCS offers MOBILE PA AMPLIFIERS. Outputs 4-18-16 ohms 
20-watt RMS 12v DC, AC 240v, 3 inputs. 50K £46 (P~ £2) . 
40-wattRMS 12v DC, AC 240v, 4 inputs. 50K £75 :PP £2) 
Mic 1; Mic 2; Phono; aux. outputs 4 or 8 or 16 and 100v lin 
60-watt RMS Mobile 24 volt DC & 240-volt AC mains. inputs 50K. 
3 mics + 1 m~sic . Outputs 4-8-16 ohm + 100 volts line £95 (PP £2). 

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES" 
MAKE MODEL SIZE 
SEAS TWEETER 4in 
GOODMANS TWEETER 31hin 
AUDAX TWEETER 33f4in 
SEAS MID-RANGE 4in 
SEAS MID-RANGE Sin 
SEAS MID-RANGE 41hin 
GOODMANS FULL-RANGE 51hin 
GOODMANS FULL-RANGE Bin 
GOODMANS AUDIOM 8p Bin 
SEAS WOOFER Bin 
CELESTION DISCO lOin 
CELESTION DISCO lOin 
RIGONDA GENERAL lOin 
GOODMANS AUDIOM PG 12in 
GOODMANS PP12 12in 
GOODMANS AUDIOM P 12in 
GOODMANS GR12 12in 
EMI HI-FI 13x8 

WATTS 
50 
25 
60 
50 
80 
100 
15 
30 
15 
30 
20 
60 
15 
60 
75 
50 
90 
10 

Post£2 ea. 
OHMS PRICE 
8 £7.50 
8 £4.00 
8 £10.50 
8 £7.50 
8 £12.00 
8 £12.50 
8 £6.50 
8 £12.50 
15 £8.50 
8 £14.00 
8/16 £11 .50 
8/16 £21.50 
8 £5.50 
8 £20.00 
8/15 £24.50 
8/15 £20.00 
8/15 £27.50 
3/8 £9.50 

CROSSOVERS. TWO-WAY 3000 c/s 3 or 8 or 15 ohm £1.90. 3-way 950 
cps/3000 cps, 20 watt rating. £2.20. 
LOUDSPEAKER BARGAINS 
3 ohm, 4in, 5in, 7x4in, £1.50; 6Y'.!in , 8x5in, £3; Bin, £3.50. 
8 ohm, 2%in, 3in, 5in, f1.50; 6Yzin, fJ; Bin, £4.50; lZin. £6. 
15 ohm, 3Y'.!in, 5x3in, 6x4in, £1 .50. 
25 ohm, 3in, 5x3in, 7 x4in, £1.50. 120 ohm, 3V4in dia. £1. 

MOTOROLA PIEZOELECTRIC HORN TWEETER, 3% square £5.00 
100 watts. No crossover require d 4-8- 16 ohm, 7311! x 31111 £10.50 

SPEAKER COVERING MATERIALS. Samples LargeS.A.E 
B.A.F. LOUDSPEAKER CABINET WADDING 18tn Wide 25p ft. 

THE "INSTANT" BULK TAPE ERASER 
Suitable for cassettes, and a ll sizes of tape 
reels . AC mains 200 I250V. Hand held size 
with switch and lead. 
Will also demagnetise 
small tools £8.50 • ' ' 
Head Demagne.tiser·onlv £5 Post 95o 

RAMDi'O"'COMPONENTSP'ECiALiSTS 337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day Wed. Open Sat . 9-5 

Radio Books and Components Lists 28p stamps. (Minimum post/packing charge 6Sp.) Access or Barclaycard Visa. Please Tel : 01-6841665 for same day despatch. Cash prices include VAT. 

www.americanradiohistory.com

www.americanradiohistory.com
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Better communication is the key to 
efficiency so visit ..... 

WEST CENTRE HOTEL,LILLIE ROAD, 
LONDON 

1111 
lliriUIJillil 
lxllillilillll 

NOVEMBER 4-6,1981 
10.00-18.00 hrs (closing 17.00 hrs 
on the last day) 

FOR PROFESSIONAL& IIUSINESS PEOPLE 

The Viewdata Exhibition For 
Professional & Business People gives 
you the businessman the ideal 
opportunity to see how easy it is to 
extract the latest information at the touch of a 
button. 
Come and see why the most important 
companies in Britain are now heavily involved 
in viewdata. Benefit from the vast experience of 
exhibitors like British Telecom, GEC, Philips, 
Granada, Rediffusion, Radio Rentals, Visionhire 
ITT, Bishopsgate, Centronics, Viewdata Busines~ 
Systems and many others who are there to ..... 

~~~~~~. 
OPEN NEW DOORS FOR TilE EFFICIENT 
DEVELOPMENT OF YOUR BUSINESS 
Entrance to the exhibition is FREE by registration 
So. save timeat the door .. ... 

WRITE FOR YOUR ADVANCE TICKETS ID: 
Viewdata Tickets, IPC Exhibitions Ltd, Surrey House, 1 Throwley Way. 
Sutton, Surrey SM1 4QQ. 
Please note a! !'applications for tickets must be received by October 26, 
1981 to allow time for processing. 

is just what it says~ 
a practical guide for people who are 
getting to grips with personal 
computers and want to know more . .. 

More about equipment. Down to 
earth reviews of personal computers 
and peripherals which are on the 
market - and why some are better 
than others. 

More about software. How to write it. 
What to look for in business software. 
Evaluations of software packages to 
take the guess-work out of your 
software purchases. 

More about applications. What can 
you do with a personal computer? Case 
studies of the ways in which peo"ple as 
diverse as businessmen, manufacturers 
and doctors are using computers in 

their everyday work. 
One way or another it's a pretty fair 

bet that there's a computer in your 
future. Being used by a colleague at 
work. On your children's Christmas Jist. 
Or in the back of your mind - just 
waiting to be bought - perhaps for use 
in your business. 

That's where Practical Computing 
comes in. For only 80p you can keep up 
with your colleagues, stay a jump ahead 
of your children and maybe make a 
better choice when you buy your own 
computer ... 

Act now. Get the October issue of 
Practical Computing from your 
newsagent or complete the coupon. 

•••••••••••••••••••••••••••••••••••••••••••• 
To Marketing Department, IPC Electrical-Electronic Press, 
Quadrant House. The Quadrant, Sutton, Surrey SM2 SAS. 
Please send me Practical Computing for one year. I enclose 
Cheque/P.O. for £10 (U.K.)/£16 (overseas) made payable to IPC 
Business Press ltd. 
Name ______________ _ 
Address. _____ . __ _ _ 

--- -- .-------- -- - - - - ----- ---- - -·-· WW9 
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RHODE & SCHWARZ 
Selective UHF V t Meter. Bands 4 & 5 . USVF 
Selectomat Voltmeter USWV £450. 
UHF Sig. Gen. type SDR 0 .3-1 GHz 
UHF Signal Generator SCH £1 75. 
XUD Decade Synthesizer & Exciter. 
POLYSKOPS SWOB I and II. 
Modulator/ Demodulator BN 17950/ 2 . 

MARCONI 
TF9958/2 AM/FM Signal Generator. 
TF2500 Audio power meter 
TF1101 RC oscillators £65. 
6551 SAUNDERS. 1400-1700MHz. FM . 
TF1066B/ 1 ._ 10-470MHz. AM / FM . 
TF1152A/1. Power meter. 25W . 500MHz 
£50. 
TF1370A RC Oscillator £135. 
TF791 D Carrier Deviation Meter . 

BECKMAN TURNS COUNTER DI~LS 
Miniature type (22mm dram.). Counting up 
to 15 turn "Helipots" . Brand new with 
mounting instructions. Only £2.50 each. 

* COOLING FANS & BLOWERS * 
WOODS centrifuaal type. 240VAC and 24VDC ver
!!_ions available. ·Dims. 8x51h". Outlet diameter· 
2x2¥4". £9.50 (£1 post). 
PI annette fans . 11 0/240V Cap start (suppl ied). 6" 
diameter. £7.50 . each. (£1 post). 
PI annette snail type. 110/240V. 8x7". Outlet dia
meter 3x2W', £9.50. (£1 post) . 
A.C.I. Snail type. 110/250V. 6x4" . Outlet 11f2x1W'. 
£8.50. (£1 post) . 
Smiths 12V DC 'car heater type'. £6.50. (£1 post). 
Rotron 4V2x4lf2". 115V £4.50. 230V £5. 3x3" 115V 
£4. 230V £5. (PP 35p ea.) 

SEALED LEAD ACID BATTERIES 
Gould GEL YTE type PB660. 6V. 6A.H. Measures 
33!4x23/4x23/4 inches. Excellent condition. £4.50. 
(75p pos!). 

20.WAV JACK SOCKET STRIPS. 3 pole 
type with two normally closed contacts £2.50 
each (+25p pp) . Type 316 three pole plugs for 
above- 20p ea. (pp free) . 

P. F. RALFE ELECTRONICS 
10 CHAPEL STREET. LONDON. NW1 

TEL: 01·723 8753 

RANK KALEE 1742 Wow & Flutter Meter. 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
DERRITRON 1KW Power Amplifier with control equipment 
for vibration testing, etc. 
HEWLETT-PACKARD 8551 B/851 B Spectrum Analyser. 
10Mhz-40GHz. 
HEWLETI-PACKARD tuned amp & null detector. 
HEWLETI-PACKARD 331A Distortion Meter 
RADIOMETER Distortion Meter BKF6 £125. 

*RADIO & TELEVISION TEST EQUIPMENT * 
TEXSCAN DU-88 X-Y Qisplay scopes £95 
TE~ONIC 2003 Sweep Generator System 0-1 OOOMHz £250 
Tt:LONIC 101 .X-Y Display scopes . · £75 

.TELONIC 12040-SOOMHz sweep generator £150 
TELONIC 121 display scopes · £95 
UNAOHM EP685A PAL Colour Generator. Video/RF £295 
KORTING Colour TV Service gen. VHF/UHF, PALINTSC £295 
LABGEAR UHF/VHF Pal Colour generator. 
LABGEAR UHF Monochrome C. H. & dot patterns. £45 
PHILIPS FM Stereo signal generators PM6456 £200 

.FERROGRAPH RTS2 Recorder Test Set £275 * OSCILLOSCOPES * 
TEKTRONIX 500 SERIES SCOPES AT 

BARGAIN PRICES: 
All in good working order. Available to callers only 

TYPE 5438 with 'CA' plug-in. 25M Hz. DB ......................... ............. .. £125 
TYPE 5458 with 'CA' plug-in 25MHz.DB ................. ......... ............... £185 
TYPE 585Awith '82' plug-in. 80MHz.DB ..... ....... ............................. £250 

PLEASE NOTE. All the pre;owned equipment shown has been 
carefully tested in our workshop and reconditioned where neces
sary. it is sold in first-class operational condition and most items' 
carry a three months guarantee. For our mail order customers we 
have a money-back scheme. Repairs and servicing to all equipment 
at very reasonable rates. PLEASE ADD 15% VAT TO All PRICES. 

DC POWER SUPPLIES 
*APT 10459/8, 12-14V@ 5Amps £25 (£2 p.p.) 
*APT 10459/8, 24V@ 5 Amps £25 (£2 p.p.) 
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*We can supply the above power supply at any 
fixed voltage between 5V and 36V at 5A £25. 
*Mullard Dual supplies. Brand new with 
handbook. Pos & Neg 12V at 1 A and 0.4A respecti
vely. Dimensions 9x4x5ins. £10 + (£1 p.p.) 
*FARNELL Current limited. Dimensions 7x5x4ins. 
Following types available: 13-17 Volts @ 2A £15. 
27-32 Volts@ 1A 5V £15. 5V (<i) 3A £15. (pp £:1.50). 

SPECIAL PURCHASE 
LAMBDA POWER SUPPLIES 

Excellent LXS Series DC power units at less than a 
tenth of new price. The snag?- they're all 110V AC 
Input. Prices as follows: 
5V at 24A. LXS D5 OV R. £25. (List £350) . 
15V at 12A. LXS D15 R. £20. (£339). 
5V at 14A. LXS CC 5 OV. £20. (£258). 
24V at 3.1A. LCS C 24.£15. (£223). 

Carriage each £2.50 extra 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. £125 
RADIOMETER AFM/1 .3.5-320MHz. AM/FM. £145 
RACAL 409 3-600MHz. AM/FM. 

ROTRONINSTRUMENT ~ 
COOLING FANS . • 

Supplied in excellent condition. fully· - ,. 
tested · :• 
115V, 4.5 X 4 .5 X 1.5" £4.50. 230V ::.c 
£5. 115V, 3 X 3 X 1 .5" £4 + postage : 
ea . 35p: ;-tl 

100V DC ELECTROLYTIC 
CAPACITORS . 

Sprague 'Pawerlytic' type 36D. 10,000uF. 1DOV. 
Brand new at surplus price! Only £4 ea. PP SOp. 

-it .BELL & HOWELL MICROFICHE · * 
-it VIEWERS 
-lc Type SR5. Screen size 9 x Sin. New cond i-
• tion . £50. 

DIGITAL MULTI-METERS 
DE FOREST ELECTRONICS TYPE MM200 DC 
V 0-1 KV. AC V 0-700 . DC 1 .0-1 A. AC 1 .0-1 A . 
Each in 4 ranges . Resistance 0 -19.99 Mohms. 
5 ranges. LED Display 1999 
BRAND NEW. SPECIAL REDUCED PRICE OF 

£39,1NCLUDING VAT & P.P. 

If you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recording studios nave been using for years! Our expertise in this field of electronic design is Internationally renowned, our reputation Is based on quality, reliability and value for money and when It comes to technology, our modules Feature·possibly some of the world's most advanced audio circuitry yet devised. The crimson range of audio amplifier modules Is available to Industry and public alike and Is backed by Full teChnical data, Free technical advisory service, Fast delivery and a full range of complimentary components available such as toroidal power supplies and heatslnks, etc. 
SPECIFICATIONS 

0/P 
Sohms* 

38 
44 
65 
85 

125 

0/P 
4ohms 

70 

121 

Size 
80~120-25 
80-120-25 
80-120-25 
80-120-25 
81)-120-25 

Type 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 
CPR1X 
MC1X 
X02 / 3 

170 250 

PSU 
CPS 80 
CPS150 
CPS150 
CPS2·50 
CPS250 
CPS250 

Htsinks 
HS50 

HSS0/100 
HS50/100 

HS100/150/FM1 
HS100/150/FM1 

HS150/FM2 

Slew 
limit 
30VUS 
30VUS 
30VU5 
30VuS 
30VuS 
30VuS 

S/N 
110dB 
110dB 
110dB 
110dB 
110dB 
110dB 

sensitivity 
775mV 
775mV 
775mV 
775mV 
775mV 
775mv 
2.8mV 

THDCtyp) 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.008 % 
0.008 % 
0.008 % 
0.01 % 

FRI- 3d8) 
1.5Hz-50KHZ 
1. 5HZ-50KHZ 
1.5Hz-50KHZ 
1.5Hz-SOKHZ 
1.5Hz-SOKHZ 
1.5HZ-50KHZ 
10HZ -50KHZ 
10Hz -50KHZ 

161-102-35 
138- 80-35 
80-120- 35 

150- 50-20 

output 775mV REG1 
REG1 
REG1 

3VUS 
3VuS . 
9VuS 

70dB 
65dB 
90dB 

70/150UV 
775mV 

output . 2mV 
Preset output 775-2500mV 

• Power output is quoted in WRMS and is given for two modules off the same power supply. Higher powers can be obtained if using our dual bower supplies or 
one module oer PSU or if using a stabilised power supply_ 

Power ami' modules 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 

Pre amp modules 
CPR1X 
MC1X 
REG1 
TR6 

NEW: We now have a completely new Hi-Fi Kit package to offer: 
CK 1010 contains CPR1X, all metalwork connectors wire, etc., to make a complete 

pre-amp. . 
CK 1040 contains 2 x 608s, all metalwork dual power supply, connectors, 

heatsinks, wire, etc., to make a complete 40 w/channel power amp. 
CS 1100 as CK 1040 but at 100 w/channel 
Unlike other module manufacturers CRIMSON have a major share of the esoteric, 
specialist Hi-Fi market. Unlike many manufacturers we acknowledge the massive 
audible differences that small component/circuit changes can produce. However 
our amplifiers are technically outstanding have been subjectively 'tuned' to a 
stunning level of crisp and detailed reproduction. 

Power supply modules Heatslnks All prices include VAT. Please add £1.10forordersup £21.00 CPS80 £26.24 HS 50 £ 1.84 to £20.00, £2.50 up to £50 and £2.65 £50 and over. 
£24.50 CPS80D £31.77 HS100 £ 2.99 To allow For post and packing (UK onlyl. 
£27 .50 CPS150 £29.74 HS 50 £ 4.20 
£35.00 CPS150D £36.40 FM1 £36.95 Export-No problem. Please write for 
£35.00 CPS250 £36.83 FM2 £41 .52 quotation or quote your Visa/Master· 
£49.00 CPS250D £45.34 Charge card number. 

g~:88 A~g~e crossovers PRE-AMP CK1g~~.~~~~.~.~~~~ .. .......... £90.oo ~ 
£ 9.30 X03 POWERAMPCK1040 .. ........................ £119.00 
£ 3.30 MU1 POWERAMPCK1100 .. ...... .................. £149.00 

(MOVING COIL ADD-ON ...... .......... ...... £25.00) 
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now you can 
reach more new users 

than you~ 
knew existed. 

Office Systems is new. And it's unique. It"s the 
first quality monthly magazine for directors. 
partners and senior managers who are new or 
potential users of electronic office equipment. 

Office Systems will solve their problems and 
answer their questions in clear. businessman's 
English. No jargon. Office Systems will solve 
advertisers· problems too-with a controlled 
circulation of named. requested readers right 
from the start and a total circulation of 32.000. 
It will operate a reader- reply service. No wastage. 
Nowaiting. Ad. Manager Tony Kaminski is waiting 
for your call. 

FIRST ISSUE: 
OCTOBER '81 
For more details contact Ad. Manager Tony 
Kaminski at Quadrant House, The Quadrant. 
Sutton, Surrey SM2 SAS Tel: 01-661 3105 
Published by IPC Electrical-Electronic Press Ltd 
A member of IPC Business Press Ltd 
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TYPE 3035 
DC-10MHz 
Bandwidth 
5mV/div sensitivity 
200ns/div to 0.2s/div 
timebase 
Triggering to 20MHz 
5" Bright CRT 

Triggered and 
automatic sweep 
Regulated internal 
supplies 
10 x 8 div display 

BUll T-IN :£ ·~ ~* COMPONENT TESTER ,.., 

If your need falls between 10MHzand 30MHzthen we 
can measure up to it, including battery operated models. 
Every scope in the range is designed to meet our basic 
design philosophy of building in that extra benefit. The 
3035 has a full 1OM Hz scope specification, plus a Com
ponent Tester which displays the characteristics of both 
active and passive components. While the 3337 is a 
complete 30M Hz instrument with signal delay, plus a 
1 OKV CRT for a bright display normally reserved for 
much wider bandwidth scopes. 

. -·: ;- ' 
-( ·~ .. -

TYPE 3337 *U.K. LIST EXC VAT 

DC-30M Hz 
Bandwidth 
11.7ns Risetime 
5mV /div sensitivity 
Signal Delay 
Algebraic addition 
and subtraction 

Full X-Y operation 
Triggering to 50MHz 
Composite trigger 
mode 
40ns/div- 1s/div 
Sweep speeds 
C.R.T. 10KV PDA 

I 

:£JSS* 
For your copy of the Crotech catalogue just telephone 
Reading (0734) 866945 

LrDtech ~ns1rurnen1s l•rn•1ed 
5 Nimrod Way, Elgar Road, Reading, Berks. RG2 DEB. 

WW - 017FORFURTHERDETAILS' 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the reference number(s). 
Your enquiries will be passed.on to 
the manufacturers concerned and 
you can expect to hear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one ye~u's subscription 
you may apply direct to us by 
using the card at the bottom·of 
this page. You may also apply to 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd, 
360 Lonsdale Street, 
Melbourne 3000, Victoria 

Belgium: Agenceet 
Messageries de Ia Presse. 
1 Rue de Ia Petite-ILE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltp, 131 Pro
dromou Street, P.O. Box 
4528; Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk.11 03 Kobenhavn. 

Finland: Rautakirja OY, 
koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 

France : Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P.o. Box 315, 245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmer N.V .. 
Oostelllke Handeiskade 11, 
Amsterdam1004 · 

India: International Book 
House, Indian Mercantile 
Mansion Ext. Madame 
Cama Road, Bombay 1 

Iran: A.D.A .. 151 Khiaban 
Soraya, Tehran 

Israel: Stelmatzky"s 
Agency Ltd. Citrus House, 
P.o. Box 628, Tel Aviv 

Italy: 1 ntercontinental 
s.a .s. Via Veracini 9. 
20124 Milano 

Japan: Western Publica
tions Distribution Agency. 
170 Nishi-Okubo 
4-chome. Shinjuku-Ku, 
Tokyo 160 

lebanon: Levant Distri
butors Co .. P.O. Box 1181. 
Makdesi Street, Halim 
Hanna Bldg. Beirut 

Malaysia: Times 
Distributors Sdn. Bhd .. 
Times House. 
390 Kim Seng Road, 
Singapore 9, Malaysia. 

Malta:W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani. Bertrand 
Narvesens vei 2, Oslo 6 

Portuga~: Livaria 

2:Z:!'~do 53~.' ~medora 
\ 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Co mercia I 
Atheneum s.a. Consejo de 
Ciento, 130-1 36 Ba rceiona 
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Sweden: Wennegren 
Williams A B. Fack S-1 04, 
25 Stockholm 30 

Switzerland: l'llaville & 
Cie SA, Rue Levrier 6-7, 
CH-1211 Geneve 1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002Basle 

U.S.A.: John Barios, 
iPC Business Press, 
205 East 42nd Street. 
New York, N.Y.10017 
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Postage 
will be 
paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydon 
Surrey CR2 9PS 

'--------~---cur HEit£ _________ _ 

I Enquiry Service for Professional WIRELESS WORLD - ~etess World October 1981 WW 170 1 Readers ' · 
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Please arrange for me to receive further details of the products fisted, 
the appropriate reference numbers of wh1ch have been entered in the 
space provided. 

Name .. . .. .... . .. ........ . .. . .. ... · ... .... ... .. .. ..... .. . 

Nama of Company .... ..... .. .... . . .......... ... .. .... .... . 

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

Telephone Number ................................... . 

I PUBLISHERS I 
USE ONLY I l I 

Position in Company ...... . . ... ......................... . .. . 

Nature of Company/Business ... . .. , . , . , ... , .... . . ... ... , .... . 

No. of emntoyees at this establishment ............. . ..... : ..... . 

I wish to subscribe to Wireless World 0 
VALID FOR SIX MONTHS ONLY 

~----~---------CUTHEU--~--------
1 
I 
I 
I 
I 
I 
I 
2 .. 

I 
I 
I 
I 
I 
I 

Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to': 

Subscription ·Manager, 
' I PC Business Press, 
Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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Name ............... , .......... ···········,············· I ww. ww. 
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VALID FOR SIX MONTHS ONLY -------------CUT HERE ___________ _ 
Postage 
will be 
paid by 
Licensee· 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydo11 
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Wire less World Subscription Order Form Wireless World. October 1981 WW 170 

UK subscription rates 
1 year: £10.00 

Overseas 1 year: £13.00 

USA & Canada subscriptio,n 'rates 
1 year: $33.80 

\ 

Please enter my subscription to Wireless World for 1 year 

I enclose remittance value .... ............................ .............................................. made ,payable to 

IPC BUSINESS PRESS Ltd. 

Name ................................................... ........................ .... ............. , .......................................................... .. 

-1 
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BEFORE 

AFTER! 

PUT A SMILE BACK ON 
YOUR OLD AVO METER! 

Send it now for estimate, 

repair or recalibration 

Quick turn round · 
on estimates/repairs 

Large stocks of new 

AVOMETERS 

Avo Sales and Service 

~·~ Farnell . 
~ International 

Address ....................................................................... .. ...................... ... .................................................. .. 

I , 1 Farnell International Instruments Ltd. , 
Sand beck Way. Wetherby 

·····································································-;································ ···· ···;· ····· ····· ························ ···· 

I West Yorkshire LS22 4DH 

I Tel 0937 63541 Telex 557294 Farist G 
I 

WW-004 FOR FURTHER DETAILS 
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SCOPEX 14D~-1DV Vital for Video 

The l4 D -l 0 V is a dual trace lO lv1Hz 
oscilloscope with active TV sync separator 
and line selector specifically designed for 
the servicing and alignment of video 

At a price of £ 290 00 +VAT. 
Carriage paid UK mainland. 
Ensures continued Brit ish leadership 
in the low cost high performance 

cassette and d1sc recorders, colour 
television and video games. 

e Active TV sync separator. 
e lO em x 8cm .display. 
e Add and invert facility 
e Probe compensation. 
e Line selector 
e 2rn V sensitivity on both channels. 
e Push button X-Y · 
e Complete with probes. 

oscilloscope market. 

~ C OP EX Please send me full details of the 14010. 
Pixmore Avenue. Letchworth. 
Herts SG6 lJJ Tel (04626]72771 Nome 

~E!!:J Company VISA 

I wish to pay by Borcloycord/Trust Cord. 
Address 

Please charge to my account. 
My Barclaycard/Trust Cord No. is 

I I I I I I I I I I l 1 1 
Tel: __________ __ 

~ An Independent British Company ~. 
WW - 013 FOR FURTHER DETAILS 
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Rmcron 
Since the introduction of the DC300 in 1967, AMC RON amp I ifiers have 
been used worldwide -wherever there has been a need for a rugged and 

reliable amp I ifier. Their reputation amongst professional users, throughout 
industry, has made the name of AMCRON synonymous with power 

amplification. For power you can depend on· choose AMCRON, the 
professional choice. 

For further details contact the UK Industrial distributor: 

~====================================~ 

G.A.S. ELECTRONICS 
l6, ST. ALFEGE PASSAGE, LONDON SE10 

TELEPHONE: 01-853 5295 
TELEX: 923393 LASER G 

WW - 079 FOR FURTHER DETAILS 
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····· ... rn·SAJ'VJtlefi)r "" 11 ~''""'~" .. CUStomerS, 
That's because it's designed and manufactured 

to:give unrivalled versatility, greater accuracy and a 
long dependable life. 

For all service organi~ations actively involved 
with the repair of mobile radios, CB and Open 
Obannel radios, VCRs, telete_xt cGiourtelevisions, 
and other video systems, the 9908 measures the 
widest range offrequency and time. 

RACAL-DANA 
Racai-Dana Instruments Limited, Duke Street, Windsor, 
Berkshire SL41SB. Telephone: (07535)69811 Telex: 847013 

I ,. 

Featurea i.nclude frequency eoverage to 1200 .. · · 
MHz, lOmVsensiti'!ity, O~lparts· per mi(lion crystal · · 
standard, and a la:rge, 8-q,igit;LED display. Yot~'ll also 
find the 9908 demonstrates the high quality,and 
design imtegrity oA wbich Ratallla's built its 
reputation. 

And that's more than a claim because we'll 
guarantee the whole unit tor two years and the lSI 
chip for a lifetime. 

Send off forthe facts, and you~u find that when it 
comes to quality we'll gi:ve you all the reasons for 
specifying the 9908. 

... 
...... , ~mt 

~ 

• -· ""' 

reason 
al·ana. 

I 
"" 
~ 

$ • 
r 

I 

/Please give 
/,. me every · 

good reason 
/for counting on 

/ the 9908. 

- /Name 

/ Position 

/ 
/ Address 

/ Tel: 

/ Racai-Dana Instruments (l]r.!J8r.!Jr! 
/ Limited, Duke Street, • ~ ~ 

L ~n~,~s~s~s~ ____ ~ 
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Redifer Diodes 
lA Series IN 4000 
3A Senes IN 5400 and BY 251 
High Speed Diodes 
lA Series BA 150 and IP&40 
2A Series BY 29J 
3A Series BY 39J 
Switching Diodes 
0.1 A Series BA 243 - BA 243A 
Zener Diodes . 
500m W Series 2PD (2V7 - 51 V) 
500mW Series BZX55C (5VI - 62V) 
1.3W Series BZX 85C (5Vl - 62V) 
1.5W Series BZY97C (7V5 - 200V) 

Reetifar 
o:SASe.ie• 
IASenosC 
I SA Seno5 CISOOR 
I.SA S.ri"' ClSOO!liiOO 
2A S.lies C200l/\500 
3.7 A Series C3700/~ 
SA Series CSOOJ/3300 
lOA Series FBIOOO, FBJOOOL 
25A Series FB2500 
UHF/VHF Tur.ers 
*CCIR Standard 
*French System 
*RTMA System 
*Other Standards on Request 

U'li:D~ 

"!!"~·~OihiO<f.li.f>'!~ 

l!'..tli\~~•m.Of ..... 
~:::h=~~:tf 

Fieldtech ] 
Heathrow 

WW- 083 FOR FURT HER DETAILS 

-··· ___ , __ ___ . - --- 0 

: WE .RUlTHEitiiii!DGE" - INTO TECHNOLOGY;~-;; 
With featu res . like ? :..~-,~_:_·:o_::: ·~-==-;:..--: 

0 
-HOW TO CHOGSEA~UPDATe-: 

et YOUR FIRST HOME SYSTEMr _ __ 

0 

0 

a -HOW TO IMPROVE ON YOUR BASIC.o 

o -HOW TO SAVE ON MEMORY: 

0 
More words per byte. 

-HOW TO PREDI CT THE POOLS: ° Full program and documentation. 
0 -HOW TO MASTER THE ATOM: 
0 A major programming feature. 

(J 

0 

0 

0 

0 

() You 'll find all this and more in October's Computing 0 
Today. The magazine that keeps you in touch with per-

~ sonal computing every month. ON SALE NOW 70p ~ 
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JOYSTICK CONTROLS · 

0.6 x actual size 
New Contactless Inductive dual 
axis joystick £17 .50 less quantity 
discounts. 

We specialise in joystick mechanisms in a very • 
wide range of types and price · 
* SINGLE, DUAL or TRIPLE AXIS * SPR IN G-CE N TRED or DET ENT 

MODES * CON TACTLESS. POTENTIOMETER. 
WAFER SWITCH or MICROSWITCH 
TYPES * AVAILAB L E IN THOUSA N DS. 
HUN DREDS. TEN S or ONES * N O M I N IM UM ORDE R . NO PRO
HIBITIVE SMALL QUANTITY PRICES * RAPID DELIVERY (u•ually 1-3 days for 
aamples) · * SCHEDULED ORDERS O V ER 12 
M ONTHS GAIN FULL DISCOUNTS * SPECIALS A N D PROTOTYPES IN 
DAYS, EVEN IN 1 OFF * PRICES FROM £1 (TV game types) to 
£50 

Tens of thousands of our joysticks are in use 
worldwide in applicat ions such as electric 
wheelc hairs, flight simulators. in machine tool 
control s. computer graph ics, servo controls. 
CCTV controls . 15 years ' experience of joy
sticks is available to you at the cost of a phone 
call. 
RECENT ADDITIONS to our range include : 
Dual axis inductive contactleu joystick (see 
photo) giv ing inf1nite resolution zero noise and 
mechanical life exceeding 10 mill ion full 
cycles. Ideal for any appl ication where in
cessant cycl ing or vibra t ion limi ts life of 
potentiometer types. 
VERY HEAVY-DUTY TYPES. The full PO 
CONTROLS range of controllers for 
electrically-controlled hydraulic valves, etc .. 
with rugged construction for outdoor. dockside 
and construction sites . 
Specialising in joysticks, and producting sub

' stantial quantities. we are able to offer unbeat
ab le· pr ices. and delivery . Contact us 
immediately fo r a quotation . 

. NEW ! Electronic level sensor/alarm 

DISTRIBUTORS APPOINTED IN: America/Canada, Austria, Holland, Sweden and 
Comecon Countries. Addresses on request . 
Applications invited for distribu torships in other countries . 

FLIGHT LINK CONTROL L TO. 
. BRISTOW W ORKS, BRISTOW ROAD 

HOUNSLOW, M X. - 01 -570 4065 

·WW-086FORFURTHERDETAILS 
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ANY MAKE-UP 
OR COPY 

QUERIES ·coNTACT 
BRIAN BANNISTER 

01-661 3500 
extension· 3561 

--~ . ; . . --;;-
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FroJ:I'I£195 : ~~~ 
Fully fledged industry standard ASR33 data ter 
minal. Many features including : ASCII keyboard 
and printer fo r data I / 0 , auto da ta detect circuitry, 
RS232 serial.interface. 110 baud, 8 bit paper tape 
punch and reader for off line data preparation and 
ridiculously cheap and reliable data storage. Sup
plied in good condition and in working order .. 
Options : Floor. stand £12.50 + VAT 

Sound proof enclosure £25 .00 + VAT 

The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price! All 
electronics are mQunted on a PCB measuring only 
3" x H" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost. Other features include snooze 
timer, am pm, alarm set, power fail indicator, flash
ing seconds cursor, modulated alarm output etc. 

~~~~~t~:~~z;~:r~~~5~11 data only £5.25 

MAINS FILTERS 
\ 

Professional type mains filters as used QY .. Main Frame 
Mal']ufacturers" ideal for curing those unnerving hang ups 
and data glitches, fit one now and cure your problems! 
Suppression Devices SD5 A 10 5 amp £6 .95 

Inc F1 900 30 amp£13.95 + pp £1 .00 

PRICES 
REDUCED 

ONLY 
£295 
+CAR 
+VAT 

Made under licence from the world famous GE Co. 
The ICL Termiprinter is a small attractive un it with 
so many features it is impossible to list them in the 
space available! Brief spec . as follows ; RS232 
serial interface, switchable baud rates 110, 150 , 
300, (30 cps) , upper and lower case correspond 
ence type face. standard paper , almost silent run 
ning, form feed, electronic tab settings, suited for 
word processor applications plus many more 
featllres. Supplied in good condition and in work

011C8 again we are very pleased to offer tlis supe!b Power 
s...,~ Urit, and hope to satisfy most of oil' jJINious 
cus1Dmers ~ Mill disappoinled when we Ql out d111 to 
demand last time they ware advartisad!! l These urits may ~st 
have Willi been made for your lab.; they consist of a sem~ 
endosad chassis measuring 160mm x 120mm x 350mm 
containing all skoo electrorics to give the folowing fully 
f'IIIIUillad and short circlit proof outpw of: 
+ 5v @ 2 amps OC + 12v @ BOO ma OC 
·12v@ BOO ma OC + 24v@ 350 ma OC 
andif~ts ootenougha~lyfloatirig5voutput@ 50.maDC 
vo.tli:h may be seriesed to give a host of other voltages. All 
outjllts an! brought out to the froot panel via miniatun! j<d 
sockets and are also duplkated at the rear oo short ~ng 

· leads. Units aa:apt standard 340v AC mains input, They are 
ex GPO nl may have minor scratches oo the front panels, 
they are sGd 0012stad but in good irtemal condition. 
£16.50 each +£2.50 p+p complete with circlit 
and component list Transformer guaranteed. HU R RY 
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PERTEC 

· PERTECTAPE DRIVES 
track 6840- 75·25 £175.00 + 
T 

6840- 9-25 £295.00 + 

Phone for more details W HILE STOCKS LAST!! ing order . Limited quantity . ____________ _. __ ·------~~----.. ------------~ 
THE PRINTER SCOOP OF THE-YEAR 

THE LOGABAX ZBO MICROPROCESSOR CONTROLLED 
LX180L MATRIX PRINTER 

A massive bulk purchase enables us to offer you this 
superb professional printer at a fraction of its recent 

cost of over £ZOOO. Utilising the very latest in 
microprocessor technology. it features a host of 
facilities-with all electronics on one plug in P.C.B. Just 
study the specification and you will instantly realise it 
meets all the requirements of the most exacting 

prufessional or hobbyist user. 
STANDARD FUNCTIONS *Full ASCII character set* Standard 

ink ribbon * RS232/V24 serial interface -7 xtal controlled baud rates up 
to 9600 * 194 characters per line* Parallel interface *Handshakes on serial and parallel 

ports * 4 Type fonts, italic script, double width, italic large, standard* Internal buffer 
* Internal self test * 170 CPS *Variable paper tractor up to 17 .5" wide *Solid steel 
construction * All software in 27IJI eproms easily reconfigured for custom fonts etc. 

All this and more, not refurbished but BRAND NEW AI Only £525 ' -~; VAT 
+ carriage and ins. £18.00 + 

OPTIONAL EXTRAS* Lower case £25.00·* 16K buffer £30.00 *Second tractor for 
simultaneous dual forms£85.00 * Logabax maintenance. P.O.A. 

Another major purchase allows us to bring you the professional technology of hard disk drives at 
a price you can now afford. Just imagine absolutely masses of correct data transferred or saved 
on your system by the time yourfinger leaves the carriage return key!! All drives offered are made 
to the highest professional standard by the ORE Co .. perhaps the largest of UK OEM peripheral 
manufacturer& All components are batch selected to obtain the utmost reliability and after 
having run two series 30 and a 4000 drive continuously 24 hoursadayforover a year without a 
single read/write error we can most certainly \iouch for the quality. 

~~OCK SOFTY 
EPROM BLOWER 

SoftWare development system invaluable tool for desigrnlrs.l. 
hobbyists, etc. Enables open heart surgery on 2716, 

copies. reads EPROMS or emulates FPI~~A/IlO~A/I!A~A
;n situ whilst displaying contents on domestic lV receiver. 
other features. £115 +carr.+ VAT. Optional 2716, 271 

Function Card £40 +VAT. f'SU £20 + £1 .50 carr. + VAT. 
Write of phone for more details . 

9" VIDE:O 
I MONITORS 

Ex-equipment 9 .. Motorola Video Monitors 7 5 
composite input tested but unguaranteed. 
£39.99 + £7.50 carriage+ VAT. Complete 
circuit. 

DIABLO/ORE series 30. Fully refurbished this 2.5 MB drive accepts 2315 exchangable 
removing top cover) disk cartridge& Sectoring is a feature Ofthediskpackand mayrangefrOJTl 
48. Fully DEC RK05, Nova. Texas. system compatable. Requires+ & -15v DC Supply. 
Series 30 Drive £475 +VAT Series 30 Front Loader £695 + VAT from the U.S.A. made by the world famous R.C.A. Co., the DC Power Supply for 2 series 30' s£126 +VAT Series of cased freestanding keyboards meet all require-ORE 4000 8 Series. Model4044. Technology at its finest. this drive currently ma1nuf<1cturedl• ments i of the most exacting user, right down to the price! 
by ORE features 10MB's of on line storage split into two disk plattens. 1. 5MB Utilising the latest in switch technology. Guaranteed in excess of 
load 5MB type 5440 exchangable cartridge. Features, DC drive motor, built in air 5 million operations. The keyboard has a host of other features system, write protect. mains po~~~~ered, etc. Supplied Brand New and Boxed complete including full ASCII 128 character set, user definable keys, Manual and Rack Slides. upper/lower case, rullover prutection, single 5V rail, keyboard 111-.lfll .............................. Fully Ampex. Hawk. Wango, Nova compatible. impervious to liquids and dust, Tn or CMOS outputs, even an Manufacturers current price £3100. our price r 1495 _VAT. 011-board tone generatorfor keypress feedback, and a 1 year full RCA backed guarantee . .. ~ ............. ~ .............. lo.ll.ll.llllllll...;. ... •ForDECcompatabilityoralternatesectoringpleaseenquire.XylogicsDEC LSI11 cor1trollerforl• VP&O'I 7 bit fully coded output with delayed 
4 S30or 2 4000 drives£850+ VATNewtonLabsS1 00controllerfor4S30or2 4000 Strobe. etc. £43.95 

£54.95 

! L f CTRONIC 66% COMPONENTS 
X. EOUIPMF:NT 

DISCOUNT 
Due to our massive bulk purchasing programme 
which enables us to bring you the .best possible 
bargains, we have thousands of I. C.' s, Transistors, 
Relays, Cap's .• P.C.B.'s, Sub-assemblies, Switches. 
etc . etc. surplus to our requirements. Because we · 
don 't have sufficient stocks of any one item to 
include in our ads ., we are packing aU these items 
into the " BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads . 
for unbeatable value!! Sold by weight 

2.51ds £ 4.75+ pp £1.25 5lds £ 6.75+ pp £1.80 
1 Olds £11.75 + pp £2.25 20ids £19.99 + pp £4.75 

+VAT Controller for TRSSO. PET. APPLE, price to be announced. VP611 Same as VP601 with nume ric pad. 
NEW 2315 12 sectordiskpacks£40 +VAT VP&OI Serial, RS232, 20MA and TIL output, with 

£64.26 
£84.34 

NEW 5440 any sector packs £48 +VAT 6 selectable Baud Rates. 
ORDER NOW!! These prices may never be repeated. Specialist carriage 530 £15.00 + VP616 Same as VP606, with numeric pad, 
4000£20 +VAT. Plug and cable for VP601, ·VP611 £2.25 

••• • ••• •••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ••• •••• • ••••• • • • • • • • • • • • • • • • • • • • • ••• • ••• • ••••• • • • 
ELECTRONICS 
Dept. W.W. 64-66 MeHort Rd., Thornton Hestll, MAIL ORDER 
Croydon, Surrey. Tel: 01-68~7702or 01-6196100 INFORMATION 
Unless otherwise stated all prices inclusive of VAT. Cash with order. Minimum 
order value £2.00 Prices and Postage quoted for UK or\ly. Where past and 
packing not indicated please add 60p per order. Bona Fida account orders 
minimum £20.00. Export and trade enquiries welcome. Orders despatched 
same day where possible. 3% on Access and orders. 
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Plug for VP606, VP616 £2.10 

1"1 I" I I" I 

5v D.C. POWER SUPPLIES 
recent our 

3 amp P. U. we have managed to secure a large quan
tity of ex-computer systems P.S.U.'s with the following 
spec .; 240 or 110v A .C. input . Outputs of 5v@ 3-4 
amps, 7 .2v @ 3 amps and 6 .5v @ 1 amp. The 5v and 
7 .2v outputs are fully regulated and adjustable with 
variable current limiting on the 5v supply. Unit is self 
contained on a P.C.B. measuring only 12' x 5" x 3" . 
The 7 .2v output is ideal for feeding "on board' ' regu
lators or a further 3 amp LM323K regulator to give an 
effective 5v@ 7 amp supply . 
Supplied complete with circuit at only £10 .. 95 + £1 .75pp. 
Believed working but untested, unguaranteed . 

www.americanradiohistory.com
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EP4000 EPROM Programmer/Emulator- Not just a · 
programmer. 
Programs a wide range of EPROMs without personality cards. Video 
output for editing and LED display for stand alone operation. Standard 
interfaces include RS232C, 20m A, TTL, cassette, printer and DMA. In 
EMULATION MODE EP4000 replaces your in-circuit PROMs for program 
development and makes changes, entries, edits simple. Accessories 
include Bipolar programming modules, multi EPROM simulator adaptors, 
buffer pods, ERASERS, Monitors, 276412564 programming satellite, printer 
and production gang programmers. · 

EP4000 programmer/simulator £545.00 P4000 production programmer 
£545.00 (9 sockets) Eraser £78.00 Monitor £88.00 Printer £395.00 

OASIS 820- a revolutionary multi peripheral exerciser in a 
briefcase that tests virtually any computer peripheral. 

If you service or maintain a range of computer peripherals OASIS 820 is 
the cost-effective and logical solution to your control and exercising 
problems. OASIS 820 uses firmware application Peripheral ALgorithm 
Modules (PALMs) to configure the keyboard to control various computer 
peripherals. Each briefcase will hold several PALMs and interface cables 
so that an engineer can carry, in one hand, all of the peripheral driving 
which he needs; the cost per function is minimal-the lowest in the indust 

DYSAN DISKETTES. Indisputably the best you can buy. 
30,000 diskettes in stock. As well as the standard range of diskettes for 
Apple, PET, TRS-80, etc, we also supply pre-formatted for: CPT 8000, 
Micom/P5002, a// IBM, AES/Lanier, Atari, Nexos 2200, Wang, Zenith and 
P2000. For immediate delivery call our HOTLINE. .. Weybridge48346/7 

The Revolutionary New 8" Thinline 
Tandon 's revolutionary new 8 inch floppy disc drive is only half the 
thickness of earlier drives so that you can pack twice the storage into the 
same space. In addition a new method of construction allows the drive to 
constantly compensate for changes in temperature and humidity so that 
real capacities of up to 4.M.bytes are now achievable in the usual8 inch 
floppy disc drive envelope size. The TM800 series drives require only D.C. 
power(5v and 24v) so that they run cool and no changing of pulleys and 
belts is needed for manufacturers who want to ship products abroad. 

Our new low profile packaging, designed and built in the U.K., complete 
with power supplies makes incorporation into, or addition to, existing 

temssim 

APPLE II & TRS-80 COMPATIBLE MINI FLOPPIES 
This is our popular TM 100 series mini floppy ... 
Tandon make 40,000 of these a month. Available as bare drives and 
packaged in single and dual cabinets with power supplies. Capacities 
from 100K.bytes to 1 Mbyte per drive! Compatible with TAS-80, Video 
Genie, SUPERBRAIN, Horizon, Zenith, SWTP, Heathkit etc., and supplied 
as the standard drive with many of these systems. 

TRS-80 compatible 
(in cabinet with 
power supply) 

APPLE II Compatible 

DUAL UNITS 40 track 
80 track 

SINGLE UNITS 40 track 
80 track 

Single disc 
Dual disc 

£249.00 
£488.00 

APPLE Controller board DOS 3.3 £POA 

Prices exclude VAT and delivery charges. 

SPARE PARTS SERVICE AND TRAINING 

£399.00 
£549.00 
£219.00 
£289.00 

We carry a complete stock of emergency spare parts for Tandon disc 
drives and we can fix any drive on a short turn-round. All final testing is 
carried out on an in-house ATE drive testing system which can run 73 
separate diagnostic programs to ensure that your drive leaves us in 
absolutely first class condition. A less complex calibration service is also 
available. Full product support exists for genuine OEM customers and we 
run single day training courses at regular intervals . Call our service 
engineering department for further information. 

We carry the full range of Dysan alignment diskettes and a staff of 
Sales Engineers will be pleased to help you with any queries. 
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Registered in England 11 79820 
. 01-747 1555 267 & 270 ACTON LANE, LONDON W4 5DG. Telephone: 01 _994 6275 

9.30 a.m. ·6 p.m. 
MON.-SAT. 
CONTINUOUS 

STABILISED POWER SUPPLIES 
FARNELL A15: 210/240V IP. Dual Op. 12-17v per rail at 
100mA. Remote sensing, current limit protection. (164 x 130 
x 38mm), with manual. £12. 
FARNELL 7/3SC: 120/240V IP. Adjustable current limit. Re
mote sensing . (188 x 96 x 93mm). Two versions available: 
15V at 2A or 30V at 1 A. £15 ea. 
COUTANT OA2: Op. amp, psu, 120/240V IP. Dual Op. 12-15v 
at 100mA. (138 x 80 x 45mm). £12 ea. or 2 for £22. 

BRANDENBURG Photomultiplier PSU. 19in. rack mounting. 
Metered, current limit protection. 
374 300V-1KV at 5mA. 376 660V-1K6V at 10mA. 
375 500V-1K5V at 6mA All models £40. 
Photo multiplier tubes available. 
PIONEER MAGNETICS POWER SUPPLIES .. 5V 150 amp, output, 
input 115 vac. (Switchmode). Price £120 each. 

·SPECIAL OFFER. 10MFD 500v ECC 20p ea., 10,000 MFD 16v 
Mullard 35p ea., 3,300 MFD 40v Mullard 35p ea. 10rtF/63v 
WIMA polyester 10% 40p ea . Large quantities available . 
ELECTROLYTIC CAPACITORS. Very large stockholding. 
Mostly ITT EN1212m EN1235 types. 
Please send for our electrolytic list, e.g. : 220/50VA, 220/25R, 
470/25R, 4700/25A, 470/SOA, 2200/100 CAN. 
CAPACITORS-DISC CERAMIC 
Over 2 million now in stock, mostly ITT. Many high-voltage 
types, e.g.: 
210p 8KV, 1n 1 KV, 2n2 2KV, 10n 2KV. 
220p 1 KV, 1 n5 .3KV, 4n7 1 K5V. 
Please send for our ceramic capacitor lists. 

4 MILLION 
I.T.T. ELECTROLYTICS NEW ··· .. 

AND BOXED NOW IN STOCK 
EN 1212 AXIAL EN 1235 RADIAL 

The whole range available at unbeatable 
prices. Send for List 

Telex 291429 
TRANSFORMERS 

· 3-0-3V 1 OOmA ..... .......... £1.0G 
5-0-5V 400mA .£1.2S 
6-0-6V 100mA £1.14 
6-0-6V 250mA £1.1G 
0/6-0/6 280mA £2.00 
8-0-8V 400mA £1.25 
9-0-9V 75mA £1.14 
9-0-9V 3A £3.00 
11V 2A, 22V 1A £2.00 
12-0-12 SOmA £1.18 
12-0-12V 100mA £1.48 
12V 130mA £0.80 
12-o~ 12V 250m A £1.94 
12V 1A5 £1.25 
13V + 6.5V Sec 2 Amp £2.00 
0-12 0-12 96VA £8.00 
15V 100mA £1.00 
0/12-0/12 500+500mA £2.9G 
9-0-9V 1 Amp £2.64 
12-0-12V 1 Amp £3.36 
15-0-15V 1 Amp £3.62 
15V 100mA £1.00 
17V 300mA £1.50 
30, 24, 20, 15, 12 84 1 Amp 

£4.84 
6.3V 1.5 Amp £2.64 . 
6-0-6V 1.5 Amp £3.20 
20-0•20 400mA £1.80 
22-0-22 SOmA £1.00 
24V 1 OOmA £1.00 
24V 250mA £1.50 
25V + 6.2V Sec 1.6 Amp 

£1.90 
30, 24, 20, 15, 12 2 Amp 

£7.96 
. 9-0-9V 2 Amp £4.70 

12V 2 Amp £4.84 
20-0-20V 2 Amp £6.98 
30-0-30V 2 Amp £7.96 
30V 250mA £1.50 
30-25-0-25-30 1 A6 £G.OO 
0-2-4-6-8-10 5A £6.00 

Capacitor type 36D by Spra
gue £3.50 each. Brand new 
and boxed. 
Switchcraft XLR Connectors 
always in stock. Discounts 
on quantity. · 

ALUMINIUM BOXES: 
AB7 134x64x38mm 90p 
AB8102x102x38mm • 90p 
AB9 102x57x38mm 90p 
AB10 102x133x38mm £1.05 
A811 102x64x51 mm 90p 
AB12 76x51X25mm 70p 
AB13152x102x51mm £1.25 
AB14 178x127x51 mm £1.55 
AB15 203x152x76mm £1.90 
AB16 254x179x76mm £2.55 
AB17 254x114x76mm £2.15 
ABl8 305x127x76mm £2.40 
AB19 305x203x76mm £2.90 

BLUE REXINE COVERED 
ALUMINIUM BOXES 

RB1 152x114x64mm £1.90 
RB2 203x127x76mm £2.35 
RB3 229x127x89mm £2.GO 
RB4 279x152x102mm £3.25 

. RB5 279x190x114mm £3.80 
BLACK PLASTIC BOXES 

75x50x25mm 65p 
80x60x40mm 92p 
90x70x40mm 99p 
115x75x30mm 90p 
1 10x90x45mm £1.18 
170x100x50mm £1.GS 
200x120x80mm £3.55 

FILTERS 

------=py:-:-:E::-:-:H:=E-:-A-=:-D--:C::-:L-::E:-:A-::-N~IN::-:-·G-=-c=-A-S---.------------l . 4-WAY DPDT AND S-WAY discount on quantity. One DPDT OIL SWITCHES, by 

3 Phase 20 AM Filters 433V 
50/60HZ Phase to Phase 
250V AC 50/60HZ Phase to 
Neutral mfr. by Corcom 
Chicago II., U.S.A., £15 each. 
Single Phase Filter 30 Amps 
125V 60HZ by Potter £5. 
Sprague Filter 2 x 30 Amp 
250V AC. 60HZ. £10. SETTES. Brand new or off prices as follows: ERG Components and CTS. 

boxed, 50pea. 8 PIN-9o; 14 PIN-10p; 16 G ld 80 B 
CASSETTE DECKS: With ste- PIN-llp; 18 PIN-16p; 20 n~wa~odn~~~~d. pea. rand 
reo heads, mechanically- PIN -'- 18p; 22 PIN-22p; 24 . BUZZERS, 6v and 12v, SOp 
complete, but with no PIN - 22p; 28 PIN-26p; 40' ea . 
electronics . Smart black PIN-30p. WIRE ENDED NEONS 
modern finish . · £5.00 CANNON 15w sockets, D £20/£1,000. 
We have very large quanti- type or Souvrian/McMurdo SPECIAL OFFER. Mini-toggle 
ties of Disc Ceramics High DA15S GOp ea. Also Cannon switch by c. & K., 3 Pc/o. 
Voltage, Plate, etc. 9w plug, brand new, 60p ea. Long dolly or short SOp ea. 
Special offer 0.1/16v at WELWYN STRAIN GAUGE. RESISTORS 0 2 I' 
£15/ 1,000. Please send for ( : ver miiJon Precision Micro-Mea- instockatlastcount. 
our Disc Ceramic Stock Lists. surements). Romulus Miche- CARBON FILM %W 5% E12 

PIHER PRESETS gan type MA-09-500B4-350. 1 RO 12M 
Very large Stocks' PT 1 0 ' 0 . £1 25 L' . range - . ur pnce . ea. 1st pnce 2 £1/100 £G 50/1 000 PT15 enclosed types. Please £3 85 L · · Pea. ' · ' · . . arge quant1t1es avail- METAL OXIDE/FILM: Most 
send for our preset list. Most able. values in E24 range, %-2W 5, 
values 100R-5M 3/4"15 Turn Cermet Trimpot 2or1%.Afewvaluesin0 .1% 

HEAVY DUTY 100b:. 1 off price, 20p. By tolerance available. 
KEYSWITCHES Beckman & A.B. Full range WIRE WOUND: ORI~100K 3-

2P.12A600V AC £1.50 available. . 200W. A selection of mains BP 1 OA 380V AC £3.00 RED lOP 12A 600V AC £3.00 POINT HEATSINK, Type droppers available. Good 
49mm D Fascia. TV4 1Sp ea. 1 off price. selection of metal clad high 

Discount on quantity. power types. 
We have the following quan- We have the following Wei- ROTARY SWITCHES 
tities of low profile GOLD wyn. 1% Resistors available, Over 30 different types avail~ 
PLATED I.C. sockets manu- 2K, 3K, 10K, 20K, 30K, 1 Meg. able. from 45p 
facture d bY Wins I ow. Price 25p ea. Type 4802. 3-pin Plug. Free hanging 

£1.20 
A3F 3-pin Socket. Free D TO A CONVERTERS 

15MHz, 8 BIT 
By Micro Consultants Ltd. 500 cable drive op. Linearity 
0.25%, max. 0.125% typ . Settling time: 2V step 70nS typ. 
2MV step SOnS colour television transmission standard . Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 
Unused. Ex-maker's pack. 

SPECIAL OFFER PRICE: £20 

hanging with lock £1.32 · 
D3F 3-pin Socket. Female 
chassis mounting with lock 

£1.GO 
D3M 3-pin Socket. Male. 
Chassis mounting £1.10 
1 O,OOOu F/ 1 OOV Electrolytic 

Erie Mains Filters 3 ·and 5 
Amp 250V AC 50HZ £4. · 
All the above mentioned Filt
ers are brand new. Carriage 
extra. 
SPECIAL OFFER : 0.1% TOL 
resistors. The following 
values available: 2K, 3K, 
1 OK, 30K, 1 MU, Welwyn or 
Filmet. Price 30p each. 
CERMET PRESETS 1Sp ea. 
lOA 250V AC ILLUMINATED 

ROCKER SWITCH 
Red, DP ST 26x30mm rect. 
Snap-in type 75p 
1GA 250V AC ILLUMINATED 

ROCKER SWITCH 
(Amber) .. 14x30mm rectang
ular snap-in type. SPST 30p 

LICON ILLUMINATED 
SWITCHES 

01-800 Rectangular Snap-in 
Series. 
2PCO Latching £1.50 
2PCO Momentary £1.50 
Indicator only SOp 
Lenses available in red or 
white only. 

WIREWOUND POTS 
IR0-1 OOK by A.B., Colvern, 
etc. 11f2W 40p, 3W GOp, 5W 
BOp. 

TRIM POTS 
10R-500K 10/20 turn. 1%in. 
or %in. rectangular GOp ea. 

This advertisement is mainly of our excess stockholding. We also have excellent stocks of semiconductors, h-ardware, cables, etc, etc. For further details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT (and P&P). Minimum Mail Order £5_ + P&P + VAT. Government departments, schools, colleges, trade and export welcome . (7479 ) 

WW - 078 FOR FURTHER DETAILS 
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• Put~ 
· f1nger onthe 
llectronics industry ·.·.·· ... 

Diallndustrywill need no introduction to 0 
advertisers who had the sense to book into volume 1, · 
covering mechanical engineering. Now's your opportunity to 
book into the next volume in the series which covers the huge 
growth industry of electronics. Uke its companion volume, it 
takes you to no less than 40,000 UK buyers. 

The Dial Industry series is a new concept in industrial 
· directories. It Is specially designed for buyers across British Industry 
-and the advertisers who need to reach them. Simple and easy to use, it 
will act as your salesman all the year round. Just look at the sectors 
which receive in-depth coverage in this latest publication. And remember, 
your advertising will reach top buyers and specifiers in all df them. 

ELECTRICAL, ELECTRONIC • COMPUTER & DATA 
PROCESSING • MEASURING, ANALYSING & 
CONTROLLING INSTRUMENTS • WATCHES, CLOCKS AND 
PHOTOGRAPHIC EQUIPMENT AND JEWELLERY 
How does Diallndustrywork? Just like a classified telephone directory
only beHer! It lists firms and offices along with addresses, postal codes, 
STD codes and telephone numbers. Entries are classified by products arid 
services. But-unlike a telephone directory-Dial Industry Is circulated 
to named individuals, carefully selected because they are your potential 
customers. 

tJ]IE BUSINESS PRESS INFORMAnON SERVICES LTD 

IIBII ASSOCIATION OF BRITISH 

li-illlii-r.iiill.iii DIRECTORY OF PUBLISHERS 

~ EUROPEAN ASSOCIATION OF 

~ DIRECTORY PUBLISHERS 

Dial Industry, IPC Business Press Information Services Ltd., Windsor Court, 
East Grinstead House, East Grinstead, West Sussex RH191XA. 

121 

I ------------------- ~ 

I 
I 
I 

HERE1$ HOW TO 
REACH 401000 
UK BUYERS IN 
A GROWTH 
MARKET 
Ring Malcolm Charnock 
or Clive Foskett 
on 0342 26912 
or use the coupon. 

I 
I 
I 
I -
I Please send me details of · 

how to advertise in · (tick as 1 Diallndustry D appropriate) 

I 
Please send me detailS of 
how to qualify to receive D I Diallndustry 

I ------ .. -·--

Dial Industry, 
IPC Business Press Information Services 
Ltd., Windsor Court, East Grinstead House, 
East Grinstead, West Sussex BH19 lXA. 
Tel: 0342 26972 Telex: 95127 · 

~E I 
(j,'i~~·j,·;t;.'i)·············································· I 
POSITION COMPABY·················································· I 
··································································· 
~~~.~ ..................................................... I 
. .................................................................. I 
................................................................... 
~~.~~.!?.~.~~· ......................................... J _________ ..... 
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COMING S(}ON 
I 

'l'fl£ '1'1000 S •n :r.ilPRr NTGR - INK dET , DAISY l<lliE E:L OR 

NEEDLE MA"l'RIX P Ril'l'rHIG. · W! Tft PAPr; R 'TAPE 'em F LOPPY IJ1 SR 

1\'r;'ACH\'I!ENT AND 'RETROFIT Vl:lt!, DOAt LM<GUi\GE CAPl\BtLl'fY • 

Siemens-Printer terminals are our business 

A let word ... 
ltfe cnan:teteristtcs o1 an ideal printer, whether it be 
for use as a teleprinter or a printer te1T111inal migbt be 
stateS as an effiCient, qttfet machine that can 
produce high quality text oo plain paper iro clear, 
Indelible ~1\lt. • 

Siemens' Model 1000 teleprinter and tt:le versatile 
Pl8.0 seri.es prlnter terminals possess these 
attdbut&s andc~mww more. Indeed they areoesign,ect 
bsausfy a vari:etyof tO!day'stext and communrca1i.on 
requirements. 

Y.U,printer&and Data printets fer the omoe 
1'be {l()nvemtimal teleprinter, has been 
r~ned over tne years out some machines 
freetuent maintenance 01:\ecks and are to"O noisy for 
use 4n an open office. However, Siemens:' develop
..-----------, ment of printing 
~ 50~s rnecnanisrns has 
-- o,2mm allowed title moise 

.. .. .. --• 

1 oo~s prooueing parts to 
be reducecl. "fhls, 

150~s together with tme 
iAtrodt~ction of 

2001-1s advanced elec
tronic technique.s 

2501-ls have been built into 
the Medel lOOO 

3001-ls teleprinter . 

.. • 3501-ls This teleprinter 
~..,__ __ ·-------:-~ offers many advan~ 
tages over more conventionally styled teleprinters, 
the most significant features being quietness of 
•&ration and the extensive use of electronics to 
r$f1faee mechanical parts. The_. Model 1000 is .so 
quiet It can be used in an open office, eliminati~g the 
naees.r;tty tor a separate telex room houstng a 
'ehatterlng' teleprinter. 

The use of eteetrc>nics also greatly reduces the need 
fGr preventive maintenance and regular periodic 
ebed<:s and, furthermore, makes for a smaller, more 
economical. easier-to-use machine. A promiaent 
feature of the Model 1000 is the easily replaceable 
daisy wheel, and fypewtiter St)tle red and black 
ribbon. 

Vaoants for differant purposes 
Siemens Moelel 1000 teleprinters are made in a 
number of valiants. ·For example, receive-only 
versions, with paper tape attachments, and 
magnetic tape memories for bulk message storage 
and editing are available. For use in special 
environment$ there is a 
Model 1,000 V designed 

f for rnititary type 
applications. 

Moctei1000 S 
The teleprinter Model 1000 $ Is an exGitin" new 
development using tne latest techmollD:gtea! 
advalilces. The versatility Of the MOdel 1000 is 
illustrated by the fact that it will proctweeof>oth latin and 
nm~latin script and switch between tnem wnen 
required e.g. Arabic, Greek, Cyrillic, Hamgel or FaFst 
Tne Model 1000$ is available with either a Gtatsy
wheel, a needle-printer head, or an ink .. jet. OptiDmal 
items include a visual display unit and ftoppy disk 
message stare. 

S.Curity- a growing problem 
Industry, commerce, <Sovemment ~artt:ne~ts\ ,anet 
large tnternational concerns and 1nstltuttans 
freqlil&ntly have a communications seet~rity require
ment. The Model Hl>00 CA ~Oryf)tO§'~apnioal 
Application~ gives the message origt,~ator and 
recipient . pr<~:te_etion from any eleetrente 'eaves
dropping'. rilis i,s done by ency,pherimg and 
decyphertng tne message thr0.ugh a btJift-in crypto
s:Jttaphin dev.iae. This machine has been design~d t? 
be cornpatiole with all standard telegrapn 01rouit 
options. 

PTBO- a eoooept for today 
The flTSO pdnter- te~Tninals are a result of mamy 
years' operational experience in beth text ~Ad data 
communications. In esseaee, these maehtnes are 
electrenJ:e terminals suited to a wide ~ange of 
communications an:d data networks as wen as 
process control . 

The PTSO printer terminal uses either a 12 needle 
printing head for refifi\~ prh;)t ~U8:1i1y, or alten:atlvely 
the Siemens revoluttonary tnk-Jet rnechannsrn to 
achieve the ideal partlculady in respect -of minimal 
noise. The PTBO uses the inR~jet principle to attain a 
printing speed of up to 270 characters per. seco~d. 
l!he prin¢ipleis featured very silrlply in thle illustmtiom 
on this page, wrth the droplet being ejected by 
means of a shoc;;kwav.e which causes a mornentalo/ 
inorcease in pressure in the nozzle. 

What happens immediately attei"Wiirds in tromt ofthe 
nozzle orifice is shG>wn in our illustration. The 
shockwave iA the n0zzle is generatea by a piez:O* 
electric transducer to whicn a voltage is momentarily 
applied. Siemems Mas ensured that ink Is ejected 
only as and when needed. 

Versatility 
As with Siemens' Modei1000 teleprinters a number 
of PT80 variants are available to suit specific 
requirements. For example, there are reoeiv.e*orlfY 
macmlnes with neeale or ink-jet pnnting., a teleprinter 
~PTSO-$} and a variant with papertape attachments 
f&r automatie send/receiver. There ts also a wide 
variety of el:laraoter sets and an extensive r~ng_e of 
interface modules to su~t RJIOst telecommurucat!Ons 
and data peripheral requirements. 

PTSO·H 
Also available is the PT80-H, designed to print 
airllne*style tickets, multi-r>art fonr:s and contililu~~s 
pre .. printed stationery. 'T'his rnaohtne has the ability 
to recognise the vali<iity of eacll ticket by senes ar:td 
ty4Je and adjust the pnnt format accordi , It oan 
also be fitted with an integral guillotine., so at ft1rrns 
can be out to stze as they are used. 

Eas:y servicing 
Again, as with the Model 1000 teleprinter, th~se 
printer ter:minats are basea on the moelular deSign 
concept. Per example, plug-in modules of the flTSOi 
enabie a fast and therefore ecooornical service 
support:. 

Operational flex:fbility 
PT'80 machines generally operate with seven-bit 
eedes or alternatively tne PT8o~s teleprinter variant 
use-s the five·blt code. The standard terminals are 
suitable tor operating at speeds of up to 600 baud, 
the teleprinter variant at up to 200 baud, and the 
PT801 up to 4800 baud. All the flTSO terminals 
satisfy the requirements for a flel¢ible character set. 

Notwfthstanding their advanced spedficati,on, the 
PTOO range of printer terminals is compact and 
simple to use and along with the Model lOOO 
teleprinters they are perfect examples of 'quiet 
words from Siemens' . 

-- -- ----- ...... ~·~ 
For full information, cut out the coupon and 
send to Marketing Services Dept., I 
Siemens Ltd , Siemens House, Windmill Rd. 
Sunbury-on-Thames, Middlesex TW6 7HS. 

1 Or telephone Sunbury-on-Thames (09327) 

;_::;:~. Tx . 8~::~ -- -----
Posi~~0_ _____ _______ __ _ 

_ Compa~--______ ____ _____ _ 

--- - -------·------- ------·-· ww:..J 
L....~~--------
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ICRO TIMES 

4002 
4006 AC4136 
4007 LM301AN 
4008 LM311P 
4010 LM318 - 4011 LM324N 
4012 LM339N 
4013 LM348N 
4014 60p LM35BP 
4015 62p LM380 
4016 28p LM3900N 
4017 53p LM3914 
4018 SSp LM3915 
4019 36p LM13600 
4020 65p UA709 
4023 18p LM741 
4024 38p UA733 
4025 14p UA747 
4026 £1.28 UA748 
4027 35p Tl074CN 
4028 62p TL081CP 
4029 70p TL082CP 
4030 48p TL084CN 
4031 £1.95 LM3302 
4040 66p TL490 
4042 55p 1488 
4044 60p 1489 
4046 74p 8T26 

It is our policy to offer 
you brand new, full
spec. devices . 
Prices subject to 
change without no
tice . Schools, Univ . 
Off icial Orders wei -

17p 
48p 

1A 65p 
26p 7805 
45p 7812 

£1.45 7905 
42p 7912 
40p 100m A 
75p 7BL05 
38p 7Bl12 
65p 
46p 

£2.00 
£2.00 
£1 .20 

28p 
15p 
68p 
58p 
26p 

£1.20 
.38p 
60p 
98p 
85p 

£1.10 
70p 
70p 

£1.50 

WIRELESS WORLD OCTOBER 1981 

£4.50 
4047 78p BT28 £1.50 LIGHT ACTIVATED SWITCH 4048 44p 8T95 £1.50 
4049 27p ICM7555 BOp Used for automatic l i(lhting control, elec. appli-
4050 27p ance control electromc gun burglar alarm and 
4051 £1 .90 60p auto-open door system. 
4052 60p £'1.90 Switch on/off 200W elec. appliances. 

£1 .50 Kit+ parts + instructions for easy assembly 4056 
4060 86p £3.50 
4063 £1.18 
4066 36p 
4068 18p 
4069 15p 
4070 22p 
4071 18p 
4075 20p 

ELECTRONIC 4077 22p 
4078 20p WHEEL OF FORTUNE 4081 18p 
4093 42p 
4503 65p 
4510 66p Easy to assemble. 
4511 51p 
4518 70p Case included. 
4520 70p 
4560 £2.20 Wonderful game 
4572 30p £5 

WW - 036 FOR FURTHER DETAILS 

27 HIGH STREET. EGHAM. SURREY. 

Telephone: Egham (0784) 35996 

rn~LADBYTE l TO. 
~.~ICHOPROCESSORS. SYSTEMS DESIGN & SOFTWARE 

A RAPID WAY TO CONVERT SOURCE 
PROGRAMS TO ·EPROMS 

****** 832 EPROM PROGRAMMER****** 

Programs 2708/2716 (TMS and lntei)/2516/2532/2732/2732A 
Pre- and post-programming checks 
RS232 connection to host computer or terminal 
Download _HEX files from processor to 832 to program EPROM 
Simple command structure to inspect, modify, verify, find parti
cular bytes, program and compare EPROMS £345 

******DEVELOPMENT SOfTWARE FOR USE 
WITH PROGRAMMER******* 

8048/9 Cross Assembler and Simulator (under CP/M) £175 
M6800 Cross Assembler and Simulator (under CP/M) £175 

EXPAND YOUR PROCESSOR'S CAPABILITY 

***** MICRO BYTE 421 MULTIPLEXER ***** 

Link up to 4 peripherals to your processor 
Simple protocol 
Each peripheral independently configurable 
Automatic baud rate detect for keyboard devices 
Software options for non-standard requirements 

£425 (excluding special software) 

All prices exclusive of V_A. T. 
One-year guarantee on all products 

WW- 085FORFURTHERDETAILS 

TEST EQUIPMENT BARGAINS 
HP 8405A Vector Voltmeter 0-1000MHz, superb .................................. £1550 
HP 140A Oscilloscope, complete with 1423A Plus 1400A ..................... £195 
HP 1400A, 1403A, 1402A, 1400B,1422A Plug-ins all at (each) ...... : ......... £50 
HP 141T Spectrum Analyser with 8552A and 85538 Plug-ins 0-110MHz, 

superb condition ................................................................................. £3500 
MARCONI TF 2700 Portable Bridge .... .. .......... ...................... .................. £~95 
TEKTRONIX 5111 Storage Oscilloscope with 5A20N and 5B10N plug-ms. 

Save £1000!! .. , ......................... ..... ............. ........................ ...... ........... £1100 

~~s_:g~lt~t~~~rtMRoen~~~~.~.~:::: :: : :::::::: : ::: ::::::::::::::: ::::::::: :::: : :: :: : :::: :::::::::::: ~~~~ 
DANA 5900 D.M.M ......................... .. ........ .......... ...................................... £220 
APT 50 volts/10A Variable PSU ................................................................. £55 
SCI;lLUMBERGER 4000A 520MHz Synthesiser- in immaculate condition 

................. ......... ...... ..... ... ........... , ....... ..... ......... ...... .. .............. .. ....... ...... £2200 
SOLARTRON CD1400 Oscilloscope .... ........ ...... ...................... .................. £85 

~~~ Ji2T1e~tWfzeo~~iii~~~~P~·:::: :::::::: :: : : ::::::: :::::::::: ·: ::::::::: :: ::::::::::::::::::::: ~~=~ 
TELEOUIPMENT D61A Duai15MHz Scope ........ .. .................... .... .......... £175 
TEK 56410MHz Storage Scope with 2867 and 3A 1 plug-ins ............ .... £215 
TEK 549 50MHz Storage Mainframe .... .................. ....... .......................... £325 
TEK 1A44-channei50MHz·plug-in ................... ...... ................... .... .......... £150 
TEK 545 Mainframe with 1A1 plug-in ..................................................... £220 
TEK 545A Mainframe with CA plug-in ... ................ ........ .............. ........... £150 
TEK465100MHz Portable Scope- as new .......................................... £1100 
R & S Pollyskop II, complete with lid, impedance adaptor, cable and 

handbook .............................................................................................. £295 

NEW EQUIPMENT 
New Our 
price price 

HP3310B 5MHz Function Gen ........ ... ............... ............... ........ £616 £350 
HP 8403A Modulator and 87328 Pin Modulator, 1.8-4.5 
GHz .................................. ... ... ............... .. ........... .... .. .. .. .... .......... £2075 £1250 
HP 8482 H 0.1-4.2 GHz, 3W Power Sensor ........ ........ .... .......... £362 £195 

All prices plus 15% V.A.T. 
Add £5 per item coverage 

TIME BASE 
94 Alfriston Gardens, Shol.ing, Southampton, Hants 

Telephone: 0703 431323 
Access and Barclaycard Orders Welcome 

WW- 084 FOR FURTHER DETAILS 
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amplivox 
The first name in hearing 

The last word in communication 
The New 

headset and 
Series offers 

quality 
lightweight and 

Amplivox ultra lightweight 
microphone model AHRM 

high sensitivity for good 
speech transmission. Its 

unobtrusive - helps 
operators feel better, work better. 

The Amplivox AHRM 
the majority of 

Series can replace 
existing head sets 

with plug connections 
compatible with 

exchanges. Amplivox 
new range of lightweight 

headsets-

and is fully 
existing 

fferalsoa 
monaural 
available 

· stethoscopic style or single piece 'U' shaped 
with a choice of magnetic or dynamic 
microphones. This APRS range is ideal for 
telephone operators, hospital radios, 
airport communications ... choose the exact 
equipment for each particular operation. 
For further information on these or on the 
~hole !\mplivox range ?f head sets,/, 
mduction systems, heanng . \ 
defenders, hearing aids, and the / ' 
exclusive 'Amplivox Audiocups' 1 
post the coupon or phone: · 1 J 
01-903-1444 or · / 
08675 5422 {Telex 837550) ~ 

- --p~,;;~~riite;d~ 0 Ple~;;;sk-;o-;t;;~cili;i~UD- -\ F~ 
My special interests are · \j 'V·· 
Name Address -------------------------------------------------

Post to: Amplivox Ltd., P.O. Box 105, Kidlington, Oxford, England. OXSILJ. 
WW - 081 FOR FURTHER DETAILS 
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Appointments 
, . ' ~ 

Ad v e r tis e m ents . 
accept ed up to 12 noon 
Monday, September 28 
for November issue, 
subject to space being 
available. · 

DISPLAYEJ? APPOINTMENTS VACA~T: £~3:50 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £2.50 per hne, mm1mum 5 lines. (Prepayable). , 
BOX ~UMBERS: £1.50 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS.) 
PHONE: OPHELIA SMITH, 01-6613033 (DIRECT LINE) 

~ ~ 
Cheques and Postal Orders payable io /PC Business Press Ltd. 

<0 CROMA 

DEVELOPMENT/TEST ENGINEER 
BROADCAST TELEVISION 

. --.~. _. Croma Research ltd is a young company associated with an 
. ! established manufacturer of broadcast equipment. We now re-

.•.,; quire a Development Test Engineer to work on our range of high 
quality colour monitors. · 
You ·""=ill probably be aged 24 to 26 but most certainly must be 
quallfted to HND/degree level and have a minimum of three 
y~a_rs' r~levant experience. You must be prepared to be involved 
1n1t1ally m test work which could include the formulation of test 
proc~dur~s. As the company grows you will become involved 
full ttme tn development of monitors and other TV broadcast 
equipment. 
Salary offered will be very competitive. We are situated in an 
attractive part of north Hampshire within easy reach of several 
other major towns. 
Please either request an application form or send us a full c.v. 
addressed to our personnel consultant, M. D. Comber at his 
private office - ' 

9A High Street, Andover, Hants SP10 1LJ. Tel: 0264-64495 
(1328) ' 

. 

.HF-VHF-UHF 
·and Microwave 

A challenging and full career in 
Government Service · 

Candidates, normally aged under 30, 
should have a good honours degree or equiY
alent in a relevant subject. but any candidates 
about to graduate may be considered. 

Appointments as Higher Scientific 
Officer ( £6,530-£8,5R9) or Scientific Officer 
(£5,176-£6,964) according to qualifications 
and experience. Promotion pi·ospects. . 

Please apply for an application form to 
the Recruitment Officer (Dept W.W.20.9) · 

. H M Government Communications Centre. 
Hanslope Park. Milton Keynes MK19 7BH. 

Engineering Manager-Communications 
. £10,000 p.a. +car · · 

·rheJob · . · · 
. We are an internationai. long-established company recognised as 
market leaders in industrial security systems. . 
Due to expansion we now seek an Engineering Manager for our 
Radio Communications Network whose prime responsibility 
would be to ensure the efficient functioning of the Radio Network 
and support systems. Other duties would include on and off the 
job training which would include attending training seminars. · 
The Reguirements 
You would need an HNC (Electrical/Electronic level or equivalent) 
and have a comprehensive knowledge of radio systems (Pye 
experience preferred). You should also be aware of new develop
ments within radio communications technology. You would need 
to be available to travel throughout the UK and should ideally be · 
aged between 2 5-40 although exceptional candidates outside 
that bracket would be considered. · 
The Benefits · 
T~is i~ an excellent opportunity to join a fast-expanding division 
with first class company benefits, which include relocation assist
ance where appropriate, excellent sickness and pension schemes 
travelling expenses and company car. ' 

If you are interested, please apply in writing, 
in the first instance, to: Mr. R.K. Davies 

Securicor Ltd (Communications Division) 
24 Gillingham Street, London SWIV IHZ (1331) 
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Appointments 

· Broadcast Studio Equipment Installation and Service Engineers 

Go places with Rank Cintel. 
If you are a qualified engineer, experienced in capital electronics, there 

is a world of opportunities awaiting you at Rank Cintel. · 
Cintel telecine equipment is used throughout the world by television 

production and broadcasting companies. Following a 3-6 month product 
training period, you can expect to be working out of the UK for up to 
6 months of the year, assignments taking anything from a couple of days to 
two months or more . · 

As well as the necessary practical experience, therefore, you should be 
a resilient self-starter able to respond to the daily challenge of this highly 
rewarding position. 

An earning potential in the region of £12K per annum including overseas 
premium can be anticipated. Future prospects are excellent as you would 
expect from an internationally recognised leader in high technology systems. 

Applications in the first instance to Ian Waterhouse, Divisional Personnel 
Manager. 

RANKCINTEL 
Ra nk Cintel. Watton Road. Wa re . Hertfordshire SG1 2 OAE. Tele phone: Wa re 3939. 

(1 340) 

AUDIO ENGINEERS 
We are a leading supplier of Audio Equipment to the 
Broadcasting Industry, ranging from. high-quality a~pli
fiers to complete television stud1o commumcat1ons 

I RAM a Franco-German Insti
tute fo r Radioastronomy at m m-wave
lengths based in Grenoble (France) is in
terested in employing an: 

· systems. Due to company expansion we now have 
. vacancies fo r the following positions : 1 

PROJECT ENGINEER c. £8000 
We require an engineer to undertake the detai led d.es!gn 
of project s uti l ising the company's standard bulldmg 
blocks. This involves all aspects of work from customer 
l iaison through to handbook preparation. The ideal can
didate would be qua lified t o at least H.N .D. and have 
experience of the professiona l Audio Industry. 

ASSISTANT ENGINEER Salary Neg. 
This posit ion is suit able to the less expe rienced eng ineer, 
who will, initially, work under superv isi on in the p rojects 
depart ment. 

TEST ENGINEER c. £6000 
Responsible for test ing and faultfi nding ou r com ple!e 
range of equipment. A good working knowl edg~ <;>f a~d1o 
circuitry is more important t han formal quallf1cat1ons 
although an H.N .C. or equivalent would be an advantage. 

For an applicat ion form, please apply to Al an Giles at: 

PHILIP DRAKE ELECTRONICS 
23 REDAN PLACE; LONDON, W2 4SA 

PHONE: 01-2211476 11337) 

ELECTRONICS 
ENGINEER 

with experience in design and 
construction of digital frequency 

synthesis circuitry involving 
phase-lock techniques 

Candidates w.ith relevant experience 
should request an application form and 
return it before October 13, 1981, to: 

I RAM 
Administration 

Boite Postale 391 
38017 GRENOBLE CEDEX 

France 
Reference VC/16/LW 

(1344) 
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El•ctronics 
·D•sign 

Using State-of -the -Art Technology 
Up to £14,000 p.a. 

APPOINTMENTS 
IN 

ELECTRONICS 
to £15,000 
MESSAGE SWITCH 

DATA CDMMS-TELEMETRY 
TELEGRAPHY-Rf COMMS 
Interesting and varied op
portunities. 'U.K. · and over
seas. For immediate action 
on salary and career . 
advancement, contact: 

CZtz£!?!!f!cm~!K 
11, Westbourne Grove 

Multitone is an international company engaged in radio paging 
and associated communications equipment. Rapidly expanding, not only 

London W2.01-229 9239 (1297) 

in size but also into newtechnolog I areas, we now require additional 
high-calibre design expertise at · · 
all levels. 

We'd like to talk to 
Engineers with expertise in 
any of the following areas: 

1. R. F. Receiver 
Design 

2.Custom 
I.C.S./Hybrids 

We'll tell you how the 
right people can earn up to 
£14,000p.a. We'll explain how 
there are openings at our 
London Head quarters.We'll also 
outline the additional advantages 
on offer to those who join 
us ir1 London including flexible 
working hours and the possibility of 
local authority housing. · 

Why not telephone our 
. Personnel Department direct,or 
write to them at the address below. 

Multitone Electronics P .. L.C., It• 
6-28, Underwood Street, m u I 
London, N1 7JT. 
Tel: 01·253 7611. 

FIELD MAINTENANCE 
ENGINEER 

Juliana's Sound Services Ltd. are the _world leaders in the supply of high 
quality discotheque sound and l1ghtmg systems to International hotel 
companies . Due to ~xpans!on, a vacancy exists for a highly competent, 
r~sourceful electromcs engmeer who will have total responsibility for the 
f1rst-class mamtenance of discotheque installations in Europe Middle 
East and Scandinavia. ' 

Based in London, the position necessitates extensive foreign travel for a 
great deal of the year. The successful candidate will most probably be 
under 30 years old and single. · 

Rem_uneration will be at least £10,000 p.a. plus company car and profit 
shanng . 

Please apply, in writing, to David Payne, Managing Director, Juliana's 
Sound Services Ltd, 1 Kensington Church Court, London W8 4SP. 

(1355) 

. . one,,56, 

THE ROYAL FREE HOSPITAL 
Hampstead 

MEDICAL PHYSICS 
TECHNICIAN GRADE Ill 

For the maintenance of ·the Aca
demic Department of Surgery's 
electronic equipment and to carry 
out developmental research in the 
field of biophysical monitoring. 
An electronics HNC/HND or degree 
and at least three years' working 
experience are necessary. 
Salary on scale: £5750-£7277 p.a. 
inclusive (pay award and London 
Weighting inctease pending). . 
Application forni and job descrip
tion from the Personnel Depart
ment, Royal Free Hospital, Pond 
Street, London NW3. Tel: 01-794 
0500 ext. 4286. Please quote ref. 
1919. 
Closing date- 9th October, 1981. 

(1329) 

TC)P JOBS IN. 
ELECTRONIC.$ 

Posts in Computers, Medical, 
Comms, etc. ONC to Ph.D . Free 
service. 

Phone: 01-906 0251 
(8994) 

· RECESSION - BOTTOMING OUT? 
We don't know the answer, but we do know those with specialist experience get paid 
very well. 
Current vacancies include: 

RF RECEIVER DESIGNERS. To create a new· generation of radio-paging equipment 
which operates up to 900MHz. Exceptional opportunity. To £14,000. London. . 
PRINCIPAL ENGINEER - ELECTRO-OPTICS. For research on novel fibre optic signal 
processing. Salary good but confidential. Hants. 
SYSTEMS ENGINEER. To design TV systems for mobile and static studios. Must have 
a broad-based engineering approach - knowledge of video, audio, TV and power 
supply technology. To £10,000.·8erks. 
DE~IGN ENGINEER for mini computers and associated peripherals. Three years' 
des1gn experience Schottkey.logic and bit slice processors. To £9,000. Herts. .. . 
TECHNICIANS. HNC level for complex development on RF and microwave commu-
nications equipment including digital controls. To £8,500. Berks. · 
P_R.INCIPAL AND SENIOR ENGINEERS for design on multiprocessor-based data acqui
Sition and medical diagnostic imaging equipment. Good degree and experience in 
advanced logic design. To £13,000. Herts. 
For further d~tails, contact: 

Charles Airey Associates 
13/16 Jacob's Well Mews, George Street, London WlH SPD. Tel: 01-486 9607 . 

(1332) 
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SULTANATE OF OMAN 

VTR MAINTENANCE 
ENGINEER VACANCIES 

Oman TV has a number of vacancies for experienced VTR maintenance engineers to 
work on Ampex videotape recording machines. 

Applicants should be qualified to HNC level or equivalent and have not less than six 
years' maintenance experience on Ampex videotape recording machines with parti
cular reference to the VR 12008. Experience on 1" IJC" format would be advanta
geous. 

Salaries, which are paid in rials Omani, are fully remittable and tax-free and range 
from £1,100 to £1,300 sterling per month upwards. 

Married accommodation is provided together with free air passage at beginning and 
end of contract for family. Air tickets are also provided for leave after the first year of 
service. 

Applicants should write stating age, nationality, qualifications and full details of 
experience to: 

Ministry of Information and Youth Affairs, Post Box 600, Muscat, Sultanate of Oman, 
marking the envelope ~~Technical Office" in top left-hand corner. 

I RAM a Franco-German Insti
tute for Radioastronomy at mm-wave
lengths based in Grenoble (France) is in
terested in employing an: 

ELECTRONICS 
ENGINEER 

with experience in design and 
construction of microwave 

· phase-lock loops and phase drift 
monitoring systems of high 

accuracy 
Candid ate·s with reI evant ex peri e nee 
should request an application form and 
return it before October 23, 1981, to: 

. 

I RAM 
Administration 

Boite Postale 391 
38017 GRENOBLE CEDEX 

France 
Reference VC/17 /LW 

(13451 

(1334) 

LABORATORY 
ENGINEERS/ 

TECHNICIANS 
BBC Engineering Designs Department requires Laboratory 
Engineers/Technicians, male or female , in Central London 
premises to assist engineers in the development , construction 
and testing of sound and television broadcasting equipment. 
LABORATORY TECHNICIANS, who will probably be in 
their 20's will have a keen interest and a minimum of two years ' 
practical experience of electronics. They will have at least ONC 
or C. & G. Part 2 or equivalent. Salary according to 
qualifications and experience in the range £5074-.1:5982 p.a. 
More experienced technicians may be appointed to a salary 
scale in the range of £6094-£6569 p .a. 
LABORATORY ENGINEERS, will have had several years' 
experience of electronic development work and will have an 
appropriate Degree or HNC, Higher T.E.C. or C. & G. Full 
Technological Certificate in Telecommunications or Electrical 
Technicians (271 or 281). Salary in the range f6954-.t7509 
progressing to £9882. Pensionable posts. Re-location expenses 
considered. 
Requests for application form to The Engineering Recruitment 
Officer, BBC, Broadcasting House, London, WlA lAA. 
q·uoting reference 81.E.4034/WW. For further information 
please contact Mr. I. Millar on 580-4468 Ext. 4593. 

(1323) 
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f4' ~tx·'' n; ;usn t' , .. 
~lop your 

potential 
in·ourfuture 

Founded in 1936, Marconi Instruments today employs 
some 2,000 people in the design, development, 
production and marketing of its advanced 
communications test equipment and A. T. E. 

Tq meet the challenges of tomorrow's markets, we 
need more electronics designers and technicians . And 
to turn new ideas into fully operational equipment we . 
need production and service personnel as well. . 

If you would like to develop your potential in the 
exciting future of Europe's leading test equipment 

specialist,complete marconl 
the coupon and send 

ittousattheaddress lnStrume t 
below:- n s 
Return this coupon to John Prodger, Marconi Inst ruments Limited, 
Freepost. St. Albans , Hertfordshire, AL4 OBR Telephone: St . Albans 59292 

r::--='====--::--, 
I ~:~ress -:-----------------= I 
I Telephone Work I Home lit convenient I I I ~:g~~i~~ce [2, R ~ o9 6 I 

. Present D 0 0 0 

I salary £4000- 5000- 6000- Over I 
5000 6000 7000 7000 

D D D 0 

L:aliflcations None C~G HNC Degre;J 
esentJob _____________ _ _ -- ---
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POOLE GENERAL HOSPITAL 
LONGFLEET ROAD 

POOLE, DORSET, BH15 2JB 

SENIOR ELECTRONICS 
. TECHNICIAN 

req.uired. The duti.es will include providing a repair and 
ma1!ltenance ~erv1ce for a wide range of electro-medical 
equipment w1th the East Dorset Health District. Appli
can.ts should have a broad practical experience in the 
maintenance of electronic equipment and in fault 
finding, and should possess either O.N.C./H.N.C. or C. & 
G. Full Technicians Certificate in Ele·ctronics. Salary on 
the ?Cale £5223-£6750 p.a. (back-dated pay award 
pending). Hours of duty 37 per Monday to Friday working 
week plus "on-call" commitment when required. 

Applicat ion form and job description from Sector Per
sonnel Officer by September 30. 

(1350) 

ELECTRONIC SERVICE ENGINEERS 
Negotiable Salary + Expenses + Company Car + Pension 

Age 27·35 
Fast expanding Company seeks two Engineers based in locations West of London and 
W~st M idlands for installation and service of a var iety of equipment used in hospita ls, 
untvers1t1es and research establishments. 
Applicants ~hould be conscie.nt ious, willing to travel and ideaily experienced in 
~rs~o9~~~ad~r~~al and control c1rcu1try. Interest and aptitude in computer servicing is 

These skills will b,e required to work wit h radio isotope diagnostic scanning equipment 
and re lated data. processors, automatic sample changers and nucleonic counting and 
mon1tonng equipment . 

~~~~fi~~No~e t~a~eNnC i ~t~ela~c~~~~rable but demonstrated abil ity and relevant exper-

~e )Yt, For further details and apJ?Iication form please 
~.fDJ ~ ~~f:lyoi?~g, ~~:;Janet Krrby 

TRACERLAB SERVICES L TO. 
Prodorite House, Lion Road, TWICKENHAM, Middx. TW1 4ZF 

1 51 

ACRONVIDEO 
Due to continued expansion at our modern premises in 

Bracknell, an additional 

QUALITY CONTROL ENGINEER 
!s req~ired to h~nd ie all aspe~ts of check-out and inspection 
mcludmg goods mwards. Applicants will probably be aged be
~ween . 25-30 years~ ONC level with preferably 5 years ' exper
Ience m a OC environment. Some knowledge of professional 
broadcast TV equipment is desirable. . 
Applicatio.ns should be addressed to Mr. R. Browning, Acron 
¥~~~~: UnJt3, Lovelace Road, Bracknell RG12 4YT. Tel : Bracknell 

0131) 

THE RANK PHICON VIDEO GROUP 
has a vacancy for a fully experienced 

CHIEF ENGINEER 
w ithin their Commercial/Industrial video dupl ication facility. 
Applicants sh~uld have maintenance experience in 2" + 1" 
V.P.Rs Rank C1tadel Mark Ill !(K and ancillary video equipment. 
Excellent .terms a_nd cond1t1ons. For additional information 
contact N1ck Watkms on 01-580 7161 . 

AUDIO & VIDEO LTD 
4 8 Cha rlotte Street, Lond o n W1 

01 -580 71 6 1 
(1354) 
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ALWAYS AHEAD WITH 
THE BEST! 
£5,000-£15,000 
PDP 11: NOVA: ECLIPSE: Z80: 8080: 6800: BIT-SLICE: TTL: 
ECL: RADAR: SONAR: SATCOM: Phototypesetters : Wo rdpro
cessors: Flight Simulators: ATE: Electro-Medical: Teletext : 
Data-Comms: Automation: Microwave? 

Wh~re does your skill and interest lie-
Des1gn? Test? Service? Software? Consultancy? or perhaps Research? 

* Our clients are drawn from all sectors of industry : 
· * There are opportunities for Managers, Project Managers, Engineers and Technicians. * Most UK locations and some Overseas. , 
* Make your first ca ll count- Contact MIKE GERNAT or PETER BROWN on 076 384 676/7 

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED (usuailv untiJB,o.m.J 
148·150 High St., Barkway, Royston, Herts SG8 BEG . 

ROYAL M ILITARY COLLEGE OF SCIENCE 
SHRIV EN HAM , SW INDON, WILTSHIRE 

DEPARTMENT OF ELECTRICAL AND ELECTRONIC 
ENGINEERING 

INTEGRATED MILLIMETRE WAVE ANTENNAS 
AND COM PONENTS 

Applications are invited for a research post to carry out 
interesting experimental and development work on a new 
range of millimetre wave integrated antennas and cir
cuits. The post is sponsored for an initial period of two 
years with a possible extension to a third year. Applicants 
must possess a good honours degree or equivalent qual
ification in Physics, Engineering or Mathematics and have 
the ability to carry out experimental work. The post offers 
an ideal opportunity to gain experience in a new and 
expanding field with an active research group; study for a 
higher degree will be encouraged. 
The successful cand idate will be appointed at the grade of 
Research Scientist or Higher Research Scientist de
pending upon qualifications and experience. 
Salary scales : Research Scientist £4,809-£6,480; Higher 
Research Scientist (minimum of two years' postgraduate 
experience) £6,075-£7,999 (scales currently under re
v iew). 
Accommodation for a single person may be available in a 
Hall of Residence and there is a possibility of housing for 
a married candidate. 
Application forms and further information may be ob
tained from the Civilian Admin. Office, Royal Military 
College of Science, Shrivenham, Swindon, Wi lts. SN6 
8LA. Telephone (0793) 782551 Ext. 421. Please quote re
ference HO 120/1/81. Closing date for applications 8 Octo
ber, 1981. 

(1321) 

CAPITAL HOUSE r'APIT AL ~~;~E~ I NDM ILL 
'-'1 IJ-\ LONDON W1P 1HG 
APPOINTMENTS LTD . TEL: 01-637 5551 

THE UK's No .. l ELECTRONICS AGENCY 
Design, Development and Test to £14,000 

Ask for Brian Cornwell 

SALES to £1 5,000 plus car 
Ask for Mau rice Wayne 

FIELD SERVICE to £12,000 plus car 
Ask for Paul Wallis 

We have vacancies in ALL AREAS of the U.K. 

Ask for a Free Jobs List 

Telephone: 01-637 555 1 (3 1ines) (2sn 

(1338) 

ELECTRONICS TECHNICIAN/ 
PRODUCTION/TEST . \ 

\ 

Ll NTECH I NSTR U ME NTS LTD. manufactures and sells 
worldwide electron beam equipment to the semiconductor in
dustry. Our Scanning Electron Beam Annealer is used in IC 
n:an':lfactu~e . Our Sampling SEM systems are used in VLSI 
c1rcu1t testmg. We are the leading world supplier of installed 
systems. · 

A small company, looking forward to expansion, we urgently 
need an electronics technic ian with energy, who aims for man
agement in the medium term. Qualifications to HNC at least. 
Age from 25 to 35. 

Initial responsib ilities 

prototype/production assembly and test of fast pulse, linear 
and high voltage electronics (some P.C. layout work) . 

jo int responsibility for system commissioning and final test 

- co-ordination of component stores and purchasing . Opportu-
nity for international t ravel will occur: · · 

Apply w ith curr iculum vitae to Dr. G. S. Plows, Lintech Instru
ments Ltd., Cambridge Science Park, Cambridge CB44BN. . 

(1318) 

SALES 
ENGINEER~ 
ELECTRO-MEDICAL 

E. M.S. is t he lead ing Brit ish manufacturer of electro-medical equipment 
for physical med icine . We need an addit ional engineer to be solely 
responsible for sales and se rv1ce of all E.M .S. equipment to Hospitals and · 
Cl inics in the M idlands. · 
Th is is a new position and off~rs exci t ing prospects for a sales engineer, 
aged 30-35, who lives 1n the B1 rmmgham area, and who is able and 
willi ng to wo rk from home. The successful applicant (ma1e or female) will 
ideally have relevant experience in selling and servicing hospital 
equipment. 
The posit ion is a challenge to an engineer to be entirely responsible for all 
sales and service in the Midlands. 
Great opportunity to build up a well-established market. Initial training at 
ourfactory in Oxfordshire. Sa lary and commission . Car provided: 
Full curriculum v it ae to : · 
The Managing Direct or 
ELECTRO-M EDICAL SUPPLIES (Green ham) L TO. 
Wantage, Oxfordshire OX12 7AD 

(1324) 
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Classified 
Prof{~ssiona I 
& Executivn 
Recru ihn ~nt 

Berkshire-based company in 
advanced electronic systems for 
defence and professional use 
have openings for ta le nted 
graduate Engineers 

Digital £9/12K 
Systems and Design Engineers 
to work on sa tellite 
communication systems . 

Microwave £9/12K 
Microwave and R.F. systems 
and design engineers. 

Analogue Video £10K + 
To work on state of the art video 
teleconference systems and 
broadcast TV projects . 

Digital TV £9/ lOK 
Working at the forefront of 
development in TV picture 
processing - telematics etc . 

Phone or send CV to: 
B. Brennan, PER, 
Sun Alliance House 
Oxford Road, Reading RGI 7LU 
(0734) 588936 
(After hours 589341) (13141 

Applications are 
-lcome from both 
men and women 

i»iE=I 
Executive 
Selection 

B.B.C. 
ELECTRONIC 
ENGINEERS 

The B.B.C. requires experienced 
Electronic Engineers to maintain 
Videotape equipment in its West 
London premises. These staff 
work a seven-day fortnight shift 
pattern . 
In addition to possessing a degree 
in Electrical Engineering, Electron
ics, or Applied Physics, 
H.N.C./H .N.D. (Electrical) or City 
and Guilds full Technological cer
tificate in Telecomms, applicants, 
male or female, must have a thor
ough understanding of Television 
Broadcasting systems· and be ex
perienced in the maintenance of 
Videotape equipment. 
The starting salary is between 
£8,359 and £9,042 (including a 
shift allowance). 
For further details and application 
forms, please ring Ray Bell, 01-743 
8000, Extension 2308. (13091 

DIGITAL EXPERIENCE? 
FIELD SUPPORT 

R & D AND SALES 
VACANCIES IN COMPUTERS 

NC, COMMS., MEDICAL. 
VIDEO, ETC. 

For free registration ring 
0453 883264 
01-290 0267 

L~X 
ELECTR ON ICS RECRU ITM ENT SERVICE 

LOG EX HOUS E, BURLEIGH, STRO UD 
GLOUC ESTERSHIRE GL5 ZPW 
TEL. 0453 883264. 01-290 0267 (32 11 
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. SITUATIONS VACANT - --

_ fL ElECTADfUCS r l - PEASDllflEl - I 
I SALES - SERVICE - TEST 

DESIGN - RESEARCH I 
I A_ specialist employment agency in the heart of Southern England's golden 

tnangle is just waiting to interface you, the career-minded person, with 
prospective new employers. 

L
To find out how we can help why not give us a call at our office in Eton. 

I 
~ 130 H1gh Street Eton Wmdsor SL4 6AR Wmdsor 59252 

1. DESIGN ENGINEER 
to work on Capital R.S. and 
Microwave Equipment to M.O.D. 
standards. £12,000. Berks . 

2. SYSTEMS 
ENGINEER 

to install Sound Systems in and 
around London . £6,000+. 
Middlesex. 

3. ANALOGUE 
DESIGN 
ENGINEER 

to work on Power Supply. £8,000+. 
South London . (1119) 

Phone or write Roger Howard C.Eng., M'.I.E.E., 
CLIVEDEN CONSULTANTS, 87 St. Leonard's 

Road, Windsor, Berks. 
Windsor (07535157828-58022. 24-hour Service 

ZIMBABWE 
A smta bly-quahfted personls l ts needed to super•Jts e the 
tn stall at!o n of an elect rtcal wtring system m a school for 
ret urned-refugees 1n rural Ztmbabwe . He she •NI II also be 
mvo lverl tn teachtng students wh ile the construct ion IS 

takm~ place 

Terms . fw o yea r ·c ontracts ; return fare to the U.K. equ ip- · 
ment all owance before ledvtng ; mi(l-te rm gra·H and are 
sett lement grant on terrntnat ton of the contract. med ica l 
tnsu ranc e: Intensive lan\1ua~JE tra tnmy and orwntat ion_ A 11 
CIIR overseas personnel earn sa lanes which n~late to loca l 
rates 

Wrtte to : CIIR Overseas Sectwn . 1 Cambr tclge Terrace. 
London . NW1 . forturthertnformattonsendtngfulldetatlsof 
your nrevtous experience. Please quote rei WW 

(1273) 

UNIVERSITY COLLEGE LONDON 

ELECTRO NICS 
TECHNICIAN 

required to assist in the construc
tion, modification and mainten
ance of electronic equipment for 
use in teaching and research 
carried out in the Psychology De
partment. The wor'k is varied and 
interesting and covers a wide 
range of analogue and digital tech
ntques. H.N.C., C. & G. or equiva
lent. Salary range £6711 to £7666 
inclusive of London Weighting. 

Application form from Personnel 
Officer (Technical Staff CK5), Uni
versity College London, Gower 
Street, London WC1 E 6BT. (1310) 

It • D OPPORTUNITIES. Senior 
level vacancies tor Communications 
Hard-ware and Software Engineers, 
based in West Sussex. Competitive 
&a laries otrered. Please ring David 
Bird at Redift'usion Radio Systems 
nn 01-87-& 7:%81. \1162 

TV 
Television Automation Ltd. 

TELEVISION ENGINEER 
We are a rapidly expanding television company with an established 

market place and have the need of a full time engineeer. In addition to a 
practical knowledge of normal broadcast procedures and requirements, 
the successful candidate should have a working experience of . 
lightweight broadcast cameras, both portable and editing 'C' format and 
BVU VTRs, compu.ter controlled editing systems, Cintel telecine and 
various support equipment. 

Duties will include the plannin g and implementation of regular 
maintenance schedules plus maintaining the technical standard of 
in-house facilities. . 

A sense· of responsibility and the ability to work unsupervised is 
essential. It will also be necessary to work flexible hours. 

The salary offered will be in keeping with the calibre of person we 
require. 

Initial application to Sheila Clare. 
Television Automation Limited, 16-18 Grape Street, London WC2. 

01-240 5515 
(1308) 

TECHNICIAN 
Grade 6 (salary scale £6532-£7802 p.a.) 

required to provide wide-ranging electronic support; 
maintain and repair sophisticated and complex equip
ment; design, construct and commission equipment, etc. 

Applications stating qualifications, age and present 
salary, and giving the names and addresses of two refe
rees to the Administrator, Department of Metallurgy and 
Science of Materials, Parks Road, Oxford OX1 3PH. 

A COMMISSION based a rrangement 
sought with •representative calling 
upon Electrical/Electronic product 
manufacturers. M<:Deane Electricals 
Ltd. 198 Station Parade, London 
W5. Telephone 01-992 8976. (1342 

BOX NOs. 
Box number replies should be 

addressed to: 

Box No .... 
cjo Wireless World 

Quadrant House 
The-Quadrant 

Sutton 
Surrey SM2 5AS 

(13221 

GEC SLNTHISISED type receiver 
RC/411/R for reception modes 
A:M CW SS:B tunes in 100Hz steps 
locked to frequency standard over 
range 15KHz to 31MHz in 31 bands, 
digital read out , continuous inter
polation between 100Hz steps, high 
quality receiver . table mounting, 
requires some attention, full litera
ture and circuit diagrams avail
able, transistorised, £200. .MAR
CONI RECEIVE'R H230l. closely 
similar to Eddystone 880/2, high 
stability 500KHz to 30.5Mc/s in 30 
switched l.MHz ranges. A:M, CW and 
SSB double co,nversion crystal con
trol , first oscillator, dial calibra
tion linear and accurate to 1KHz. 
high quality receiver in full work
ing order manuals availab.le, 
valves £35o: Buyer collects. Kings
ton upon Thames. Telephone 01-
942 1230 . . (13_12 
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• 

. Senior Quality 
Assurance Engineer 

Slough 
· Sony products are amongst the most sophisticated available. Our advanced 
. technology keeps us ahead of the field in domestic and industrial audio visual 
- equipment. But _al~hough we're proud of our products, we're equally proud of our 

people, because It IS to them that we owe our continued success. We therefore take 
grea.t care of our staff and do everything possible to help them enjoy their work and 
receive the best rewards. · 

C~rrently, we are .seekin~ to ~ecr_uit a senior Quality Assurance Engineer to lead a 
small team of engmee~s m this vital department. Ideally, we are looking for someone 
w~o has .had at leas.t five y~ars experience as an engineer working o~ fault finding, 

. with a City and Gmlds rad10/TV qualification, plus colour endorsement. 

We can offer you ~ secure future with ample scope for advancement, plus an excellent 
salary together with the benefits one would expect of a large successful company. 
If you feel you have the necessary qualifications we would be delighted to hear from 
you. Please write giving full details of your career to date, to Miss Linda Burke, 
Personnel Officer, Sony (UK) Limited, Pyrene House, 
Sunbury on Thames; Middlesex TW16 7 AT. 

T ... E SCIENTIFIC 
WIRE COMPANY 

P.o. Box 30, London, E.4 

ENAMEllED COPPER WIRE 
SWG lib. Boz. 4oz. Zoz. 
8 to 29 2.76 1.50 .80 .60 

30 to 34 3.20 1.80 .90 . 70 
35 to 4(1 3.40 2.00 1.1 o .80 
4110 43 4.75 2.60 2.00 1.42 
47 8.37 5.32 3.19 2.50 
48 to 49 15.96 9.58 6.38 3.69 

SILVER PLATED COPPER WIRE 
14 to 30 6.50 3. 75 2.20 1.40 

TINNED COPPER WIRE 
14 to 30 3.38 2.36 1.34 .90 
Prices include P&P. VAT nd Wire Data 
SAE lor list. Dealer enquiries welcome. 
Reg Ollice: 22 Coningsby Gardens. (9063) 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT -

never gains or loses, SELF SETTING 
at switch-on, 8 digits show Date, 
Hours, Minutes and Seconds, auto. 
G.M.T./B.S.T. and Leap Year, also 
parallel B.C.D. output and audio to 
record and show time on playback, 
receives Rugby 60KHz atomic time 
signals, built-in antenna, 1 ,OOOKm 
range, RIGHT TIME, £62.80. 

V.L.F.? 10-150KHz Receiver, £16.50. 
60KHZ RUGBY RECEIVER, as in MSF 

Clock, serial data output, £17.90. 
. Each fun-to-build kit includes all parts, 
printed circuit, case, postage, etc., 
money-back assurance so GET yours 
NOW. 

CAMBRIDGE KITS 
45 (WX), Old Scho.ol Lane 

Milton, Cambndge (1316) 

HAVE YOU SEEN THE GREEN LIST? 
1000s of components (radio. audio, CB 
and electronic) and electronic items 
and accessories at unbelievably low 
prices, something for everyone. Send 
30p for list and receive FREE RECORD 
SPEED INDICATOR. 

MYERS (Dept. W.W.) 
14-16 Clifton Grove, Harr.!llils, Leeds g 

(1167) 

ARTICLES FOR SALE 

JAPANESE COMPONENTS: C495 
60P. C1306 90o. C1307 £8. C1923 2!'io. 
r.t957 50o JS34 6o. JS9!'i3 So. I·SV50 
ft. TA7205 £1.80. TA7310 £U!O. plus 
30p posta~e and package. Bitz. PO 
Box 64. Nottingham. 

ENCAPSULATING, coUs, tr.ansform
ers, components, degassing, sw
cone ru•bber, resin, epoxy. Lost 
wax c-asting for br.ass, bronze, sil
ver, etc. Impre.gnatin.g cotls, trans· 
formers, components. Vacuum 
equipment low cost, used and new. 
Also for CRT · re.gunning met" 
alUsing. Research &: Development. 
Barraus, Mayo Road, Croydon, 
OM 2QP. 01-684 9817. \9676 

MARCONI Tf 995 B/Z, mint condi
Uon. Marconi TF 2011 late moclel. 
Also other test equipment. Phone 
8582-425721/414717. (1220 

PRE-PACKED screws, nuts, 
washers, solder tags, studding. 
send for price list. Al Sales (WW J, 
PO Box 402, London SW6 6LU. 

(1253 

A/C H.f. Tx Rx Systems for sale, 
£125 per complete system. Also tele
vision cameras with remote control 
facility £125 each plus VAT. Tele
phone Henfield (079 155) 2237, 2099. 

(1333 

WESTMINSTER$ 6 channel Pye 
Wl5 AMS complete with installation 
kit first·class condifion, fo-r sale 
in · lots of. 10, ~800 per lot. For 
appointment to vtew contact: E.S .. M. 
on 01-697 0604. (1327 

HEWLETT PACKARD 1707B Dual 
Trace Oscilliscope D·C-75MHZ 10 
MV-5V, mix.ed/delayed sweep 2 
probes, servtce manual, £330 ono, 
buyer collects. Tel: Tadley 3375. 

(1315 

MARCONI Valve Voltmete·r 1'F2600, 
£95. Signal Generator TF867 freq, 
30KHz-30MHz, £75. TF1066 Signal 
Generator FM/ AM freq. 10M Hz to 
470MHz, £295. Double Pulse Genera
tor TF1400/S with secondary Pt.llse 
Generator '1'1M6600/S·, £95. TF801/D/ 
SS AM Signal Generator 10-M Hz • o 
485M.Hz, £395. Slotted Line T'F1264. 
£85. R&S UHF Slotted Lin-e freq, 
300M.Hz-3GHz, £195. MF Attenuator 
TF2162, 0-111dB, steps of 0, 1dB, 
£89. Hewlett Packard: 1703A 
Oscilloscope (storage) portable. 
35MHz, £975. 180C 'scope, high writ
ing speed, with 1821A time base 
and delay generator and 1804A four 
channel vertical amplifier (50M.Hz), 
£795. Signal Analyser for averaging, 
variance. histograms, correlation 
Model 5480B with 5486B control unit 
and 5485A two channel input, only 
£590. Multi-function Meter 12 modes 
of operation, true RMS Model 
3450A, £285. Cossor 'scope 4100 
75 M.Hz portable dual trace, de
layed sweep, £495. Tektronix 661 
'scope with 50 ohms dual-trace 
samplin unit type 452A and 5T3 
timing unit. £450. 1A4 plug-in unit, 
only £95. W plug-in unit, £95. Solar
tron-Shlumberger SSB Signal Gener
ator freq 300Hz·32MHz. Stability: 
less than 3 parts in 109/day, resolu
tion 1Hz, sideban adjustable from 
300Hz to 10KHz, MA30 amplitude 
modulator, modulation 0-99?<: ,digi
tal display, £995 the lot. Edwards 
Coating Units, from £3,900. Ultra
soni cleaning tank and gene·rator 
by Dawe Instruments, £375. Bryans 
Southern Pen Recorder type 28000. 
£145. B&K Audio Frequency Spec
trometer, £450. Brandenburg HT 
power supply Model 2807. £90 . AVO 
No. 1 High Sensitivity Multimeter 
<spec AS No. 9), £65. Bradley 
CT471,C Multimeter, £80. PhiliPS 
50Kv, 40MA HT power supply, £350. 
CRTs for CD1400. CD1740 and AlOO. 
£75 each. ICs 2112-2-N OKRAM l. 
8();o, N8T97N. N8T98N 60o, LMlOHAF, 
only £1 each . Please add 15°/ VAT 
to all prices, plus P&-P extra . In
ouiries from overseas welcome. 
Please write to: F.R.G. General 
Supplies Ltd . Unit 3 Longhill In
dustrial Estate. Elm Road , March. 
Cam bs PElS OBJ . or phone 01-404 
5011, or Ma·rch 56614. <1336 

Classified .. 
THE 

ART OF 
ELECTRONICS 
by Horowitz & Hill 

Price £13.50 
THE PPL SYNTHESIZER COOK
BOOK, by H. Kinley Price: £5.25 
THE MC6809 COOKBOOK, by C. D. 
Warren Price: £5.00 
DIGITALICS ... HOW THEY WORK 
AND HOW TO USE THEM, by A 
W. Barber Price: £5.75 
ELECTRONIC DESIGN WITH OFF 
THE SHELF INTEGRATED CIR
CUITS, by Z. H. Meiksin 

Price: £6.25 
EXPERIMENTER'S GUIDE TO 
SOLID STATE ELECTRONICS PRO
JECTS, by A. W. Barber 

Price: £5.50 
COMPLETE GUIDE TO READING 
SCHEMATIC DIAGRAMS, by J . 
Douglas-Young Price: £5.50 
PRACTICAL SOLID STATE CIR
CUIT DESIGN, by J. E. Oleksy 

Price: £6.50 
WORLD RADIO/T.V. HANDBOOK, 
by J. M. Frost Price: £10.50 
1981 THE RADIO AMATEUR'S 
HANDBOOK, by A.R.R.L. 

Price: £8.00 

ALL PRICES 
INCLUDE POSTAGE 

THE MODERN BOOK CO: 
Specialist in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W2 1 NP 

Phone 402 -91 76 
Closed Sat. 1 p.m. 

(8974) 

DO YOU TRANSMIT 
AUDIO SIGNALS 

OVER CABLE CIRCUITS? 
We manufacture a full range of in
terface equipment for transmis
sion of audio signals over private 
wire of telephone circuits, from 
Narrow Band STD systems (300Hz-
3.4kHz) up to Wide Band Music Cir
cuits. 

PARTRIDGE ELECTRONICS 
(A. C. Partridge ltd.) 

56 Fleet Road, Benfleet, Essex 
Tel: (STD 03745) 3256 

We also manufacture audio mixers 
and sub-assemblies 

(3143) 

WANTED 
Test equipment. receivers. valves. transmit
ters, components, cable and electronic 
scrap, any quantity. Prompt service and 
cash. Member of A.R. R.A 

M 8r B RADIO 
86 Bishopsgate Street 

Leeds LS 1 488 
0532-35649 

RYDER ORGAN SYSTEM 

The WW classical design for full-s ize 
keyboards, including couplers. Expanded 
range of p.c. boards & data available in
cludes chorus, vibrato, combination stop 
control 
Reverberation. A new compact solid 
state unit gives smooth natural sound 
Demo cassette , on loan. deposit ( 1. 50 . 
refund (1.00. (Prices UK on ly) . 

HIYKON LTD. (. ), Woodside Croft, 
Ladybridge Lane, Bo lton BL 1 5f,~31 

www.americanradiohistory.com

www.americanradiohistory.com
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ARTIClES FOR SALE 

Conta ining Transistors, Capacitors , Fleta, 
S witch es , Ra dio a nd Audio It e m s. 
Connectors, Re lays a nd Electronic De
vices, etc. Must be wo rth ove r £:20 pe r 
pack. Our price £6 car £1.715. 
JUMBO FlACK. Must be worth ove r £50. 
Our price £1 0 car £2.~0 
Mo ney back If not de lighted. 

HAVE YOU SEEN THE GREEN CAT? 
1 COOs of Compone nts, Au dio , Radio and Electronic, CB. Eve rything e lectronic at 
unbe li eva bly low prices. Something for everyone. Send 35p P.O./Cheque and receive 
FREE RECORD SPEE D INDICATOR. 

MYERS, Dept. W.W., 12 Harper Street, Leeds, LS2 7EA · Tel: 452045 

(1349) 

AN FAC LESAL R 
BULK .BUYERS ONLY' 

Large quantities of Radio, T.V. and Electronic Compinents . 
RESISTORS CARBON & C/ F Ye, 1/.1, Y2, Ya. 1 Watt from 1 ohm to 
10 meg . 
RESISTORS WIREWOUND. 1% , 2, 3, 5, 10, 14,25 Watt . 

. CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite, C280, etc . 
Convergence Pots, Slider Pots, Electrolytic condensers, Can Types, 
Axial, Radial , etc . · 

Transformers, chokes. ~opts, tu~ers. ~P~<!_~s .. ~a.ble~!i~re.e.ned wi_re)~ . 
connecting wires, screws, nuts, transistors, res. 01oaes, etc._, etc . , 

All at Knockout prices . Come and pay us a visit . Telephone 445 2713 , 
445 0749 . 

BROADFIELDS &-MAYCO DISPOSALS 
21 Lodge Lane, N. Finchley, London, N.l 2. 5 mins. from TallyHo Corner (9461 ) 

RACAL COMMUNICATIONS RECEIVERS. 
500kc/s 30m cis in 30 bands 1 MHz wide. RA 17 
£1.50. RA 17L £200 . Or a few as new £250. 
RA117E £300, all air tested, suppl ied with full 
manual , dust covers, in fa ir condition, new metal 
louvred case for sets £25, RA98A SSB-ISB adap
tors, new and boxed with manual £75. RA96D 
used with manual, £75. RA218 SSB-ISB adaptors 
and fine tune units for RA117 £65 
MARCONI SIGNAL GENERATOR TFBO l D/1 TO 
BS £85 to £150. 
MARCONI R.F. RADIATION & POWER METER. 

~~ 1~3aon~~j~~~~!~ r;;:~~ ~n ~era~9~~11 ~~~1-;i:~ 
10gc/s, complete with X-S-L band aerials, £50. 

FERROGRAPH TAPE RECORDERS SERIES 4-5-6 
and 7 - Mono and stereo. Series 4 to £6 £10 to 
£20 ea. Series 7 £100to £200 ea . Collected. 
EXTEL TRANSTEL MATRIX PRINTERS. 5 level 
Baudot Code. Accepts speeds up to 300 bauds. 
Supplied set to 50 and 75 bauds switched 
Tested with manual, £165. · 

All items are bought direct from H.M. Govern
ment being surplus eqpt Price is ex-works. 
S.A.E, all enquiries. Phone for appointment for 
demonst rat ion of any item. JOHNS RADIO, 
WHITEHALL WORKS, 84 WHITEHALL ROAD, 
BIRKENSHAW, BRADFORD. TEL BRADFORD 

. 684007 (9.30 a.m.-1 p.m.). (
848

) 

INVERTERS 
High quality DC-AC. Also "no 
break" (2ms) static switch, 
19" rack. Auto r:h.:~r~•Ar 

COMPUTER POWER SYSTEMS 

lnterport Mains-Store ltd. 
POB 51 , London WII 38Z 
Tel: 01 -727 7042 or 0225 310916 

(9101) 

· PIUNTcO ca1u:uns. Make your 
Uwll SJIIIply, <.:h~a}Hy qlld QUicOlly! 
(.;olden 1• utulak Light Sensitive Lac· 
4ucr - now greaLlY Improved and 
vcr~ mucn laslcr. Aerosol cans 
WJtll full InstructiOns, £2.25. 
lJcVt!lop e r 35p. J:<'erric Chloride 
55p. Clear Acetate sheet for 
mu ~te r l4p , Copper-clad l•'i b r e -glass 
doard approK. lmm thick £1. 7a sq. 
ft . P os t; l'acklng 60. - White House 
l!:lcc t r onic s , L:astle Drive, .Prau 
Sancl s, Penzance, cornwall . ('ll4 

Z TECKTRON IX 555 Double Beam 
scopes , 1 fully working, 1 for 
spa res . With service manual , £200. 
Mr L . Berry . Tel: 061·969 1699 , after 
6 pm. ( 1347 

SURPLUS STOCK 
Omron Relays, Crouzet 
Timing Motors, Crouzet Micro 
Switches, Bulgin Lep and 
Panel Lampholders, Transfor-

mers
S.A.E. for list 

Mr. P. Givens 
c/o R. G. MITCHELL L TO. 

HEATH ROAP, SKEGNESS, LINCS. 
TEL: 0754 67373 ( 128E!) 

ARTICLES WANTED 

SPOT CASH 
paid for all forms of electronics equip· 
ment and components . 

FRG General Supplies Ltd. 
Unit3 

Longhilllndustrial Estate 
March, Cambridgeshire 

Tel : March 56614 
Tel : 01-4045011 

Telex: 24224. Quote Ref. 3165 
(8742 

FOR SALE 
Spares for Transtel Teleprinters 

Offers invited. Tenders obtainable 
from British Rail, Director of 
Supply, Railway Technical Centre, 

London Road, Derby, 
Telephone: 0332·42442 ext. 3455 

Ref. 53/230/232T /363 
(1317) 

WE a UY F O R CASH: Components , 
PCBsl etc. Good prices paid. Quick 
dects on, money by return. Ring 
(0'(03) 785882. (1172 

BOX NOs. 
Box number replies should be 

addressed to : 

Box No .... . .. . . . . 
c/o Wireless World 

Quadrant House 
The Quadrant 

Sutton 
Surrey SM2 5AS 

Avantek GPD 400 series modular 
amplifiers ex· stock sale 

SPECIFICATIONS 
Freq: 5·400 MHz 

Gain: GP0401 13 dB min 
GPD402 13 dB min 
GP0403 9 dB min 

NF: GP0401 4,5 d8typ 
GP0 402 6.0 dBtyp 
GP0 403 7.5 dB typ 

Reverse Isolation: 20d8 typ 

Output power GP0401 - 1 dBm 
at 1 dB GCP: GP0402 +6dBm 

GP0403 +15 dBm 
VOC: GP0401 +15Vat 10mA 

GPD402 +1 5Vat 24 rnA 
GPD403 +24Vat 65 mA 

Storage Temperature 
Range; ~5to+2oo~c 

Unconditionally stable. 

For further information contact Jackie Caspary 
11·15 Betterton Stree~ London, WC2 H 9 BS. 
Telephone: 01 ·836 1228. Telex: 28752 

T ELET I:X , T V SPARES Be TEST 
l:iQUit'Mk:NT, Teletext adaptorli. 
Latest external unit kit incl. Mul· 
lard DecoCler 6101 VML and intra· 
n :u remote control £238 , p/p £2 .110 
uuther details on request) . Also 
1\'U{l external unit kit incl. Texa s 
XMU decoder and cable remote 
control special otfer price £158 
p/p £:i.so. Both k i ts mel. UHr' 
modulator, an<J plug into TV set 
aer1a1 sock et. SP.I!lC.IAL OF1F:ER 
'1'EXAS ' Xt;lll Decoder, new and 
te'sted, lfmited quantity at t p tice , 
.£60 p/p £1.40 . NEW SAW Fl-LTEH 
lF :1\M.P PLUS TUNER . (complete • & 
·tested for . sound & vision), £28.50, 
PIP £1.20. CO·LOUR BAR & GROSS 
HA~CH GENERATOR KIT (·M-K4J 
PAL, UHF aerial input type, eight 

:vertical colour bars. R·Y, B·Y. grey 
scale, etc . P /B controls £35. Batt 
·holders £1'.50 or sta-b . mains power 
supply kit £4.80, DeluKe case £5.20 

:or alum . case £2.90, p/p- £1. 40. 
Built & · tested . on Deluxe case 
(battery) £58, (mains) £70, p/p 
£1 .60. CROSS HATCH KIT U.Hl<' 
aerial input type also g-ives peak 

NEW LOWER PRICES 
GPD 401 £ 9 .00 eachfor 1-99off 
GPD 402 £8.50 each for 1·99 off 
GPD403 £9.7 5 each for 1·99 off 
(While stocks last) 

CONSTRUCTION 
Thin Film circuits 
Ca scadable amplifier modules 

· T0 ·12 package 
Avantek in· house transistors 

APPLICATIONS 
RF & IF stages in Receivers 
Preamplifiers, cable drivers, gain 
elements in multichannel systems 
and RF distribution networks. 
RF feedback loops 
Isolation & buffer stages 
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@Walmore 
AIRMEC 248A Wave Analyser 5· 
300M.Hz, £85. PARA:METRON 477 
H.F. COMM. Spectrum Analyser 
200K!Hz-50MHz, £495. SYSTRON 
DONNER 751B Spectrum Analyser 
10,MHz-6GHz, £725. B & K 2603 
Microphone Armplifie-r 100uV-100V, 
£75. H.P. 350D Attenuator D1C-1M.Hz, 
£100. H.IP. 355C VHF Attenuator 0· 
12cLB, 50 Ohm. DiC-1000MHz, £75 . . 
'11EXSCAN RA.104 Rotary Attenuator 
0·100dB. £.75 . KROHN HlTE 330B 
0 . 02Hz·2~Hz Band Pass Filter, £55. 
GE'N·RAD 1607A Transfer Function 
& Immitance Bridge 25·1500KiHz, 
£350 . MAIROONI 'IW.868B Universal 
B·rldge ±1%, £175. MA&CONI 
TF.2700 Universal Bridge ±1% , 
£230 . WAYNE KERR B.541C. Auto· 
balance Capacitance Bridge, £115 . 
WA YN:E KE&R 8.601 R.F. Bridge 
l 5KHz-5MHz 1%, £95. WAYNE KERR 
:S801/R26l/!D261 Vlf:F Admittance 
Bridge & Source & Det~tor. £175. 
H.P. 5245L/5253B 8 Digit Counter 
D·C-500•M.Hz , £350 . RACAL 9059 4 
Digit UHF Freequency Period 
M,eter 500M.Hz, £125. . RACAL 409 
AM/FM Modulation Mete'!" 3·1500MHz 
£250. RADIOtMETIER B.roF.6. D·istor· 
tion Meter, £120. MARCONJ 2331 
Distortion Factor Meter 20Hz· 
20KHz, £250 . . WAVETEK 740 Phase 
Meter 10Hz·2MHz. £300. MARCONI 
TF.1152/1 R.F. Power Meter, £75. 
BIRD 43 Thru·Line Wattmeter 25W 
50·125M1HZ , £95. PHI,LIPS DM2517E 
Multimeter 4 Digit LCD, £4-5 MPE 
Mk 1 Humidity Oven_ 10 degree C· 
100 degree C, £250. BAR/FIELD Ana· 
Iytical Sample Oven 900 degree C, 
£75. H .P. 141A storage OscUioscope 
20MHz, £425. TEKTRONIX 564 Stor· 
age Oscilloscope lOMHz, £300. TELE
QUIPIMENT D.83 Oscilloscope DC· 
50MHz, £450 . COSS·O'R CDU.UO 
Oscillosco.pe DC·20M:Hz, £200. TELE· 
QULPMEN.T D.43 Oscillosc-ope DC-
15MHz, £125. MA&COINI ~F.llOl 
20Hz-200KHz R. C. Oscillator: £95. 
MARCONI TF.144/4 AM Signal 
Generator , £350. MARCONI TF.2950 
Mobile Radio Test Set, £1,250. 
MARCONI TF.2950/5 Mobile Radio 
Test Set . £1,850 . TELS.EC 2 Pen Flat 
Bed Reco·rder, £275. B & K 2305 
Level Recorder, £300. RANK 12084/2 
Insulation & Pulsed Flash Tester. 
£75. BPL CZ.457/4 & CZU.457/4 
Component Comparator & High 
Speed Automator, £150 , AI'RMEC 
209 20KV Ionisation Tester , £85. 
PSI. A100 Wave rorm Generator , 
£395 . PSI. A340 Ramp Generator, 
£175. HELDER SINE AD·DER "As 
Is", £35 . BARGA-IN . Ultrasonic 
Cleaner . 3 compartment, Intensity 
5 Watt/sq inch water separator, in 
above average condition , £2,900 for 
quick sale . Contact : Martin Associ· 

· white & black levels, batt. op. £11, 
p/p 45p. Add·on GREY SCALE KIT 
£2 .90 , p/p 35p. Deluxe case £5.:!0. 
UHF SIGNAL STRENGTH MET.ER 
KIT £17.50. Alum. case £1.80. De
luxe case £5.20, p/p £1 .40. CRT 
TEST & REACT'IVATO,R KIT for 
colour & mono £24 .40, p/p £1.80. 
COLOUR PANE'LS, large selection or 
surplus & tested pan els l or popular 
makes ,part-ex In shop) . TV SOUN:D 
IF TRANSTD. Tested, £6 .80, p/p 
SSp . VARLCAP UHF TUN'ERS . Mul· 
lard U321 £6.80. ELC1043/06 £6.80. 
ELC1043/05 £5 .50 . G.I. £3.50. Salv. 
(asstd) £1.50, p/p 60p Varlcap UHF/ 
VHF ELC2000S £8 .50 . Bush (dual} 
£7 .50 p/p 70p TOUCH TUN.E CON· 
TROL units . Bush (6 pos) £4 .5U, PIP 
HOp . VARICAP CONTRO,L UNI11S 3 
pos . £1.20 . 4 pos . £1.50, 5 pos . .£1.8U, 
6 pos. £1.80, p/p 45p UHf' transtcl . 
Tuners , 4 pos . or 6 · pos. push but· 
ton £4.20, p/p £1.40 . (Speclal type11 
available on request. ) ·La r ge selec
tion of L<>PTS . Tripiers, Scanculls, 
Mains Dr oppers, and other spares 
for popular makes of colour and 
mona receivers . - . MANO'R SUP· 
PLIES, 172 WEST END LANE, WEST 
HAMPSTEAD, LOND.ON, N .W.6. 
SHOP PREMIS-ES , Tel. 01·794 8751, 
794 7346. Near W. Hampstead Jubi· 
lee Tube & Brit. Rail N, London 
!Richmond-Broad St.) and St. Pan
eras-Bedford. Buses 28, 15!1 . Callers 
welcome. 'rhousands or additional 
items not normally advertis-ed 
availa•ble at shop .premi ses. Open 
all week incl . Saturday !Thursday 
half dayJ , MAIL ORDER : 64 
GOLDERS MANOR DRIVE, LONDON 
NWll 9HT. PLEASE ADD 15 % VAT 
to all prices . · ( 60 

-ates on Avebury (0672'3J 219. 

BRI DGES,, Waveform/tr ansistor 
analysers . Calibrators. Standards . 
Mullivoltmeters . Oscilloscopes. Re· 
corders . Signal Gene r ators . 040 · 
376236. ( 8250 

( 1311 

TEKTRONIX oscilloscope 100M liz , 
type 7603 M/frame with 7A18N and 
7B53A dual time bass plug-ins, .£850. 
Tel : During office hours. 01-965 
7383 . ( 1335 

/ 
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COURSES 

Post-HNC Endorsement in 

Television Technology 
A postgraduate endorsement course in Television Engi
neering, recognised by the lEE, for stu.dents of engineering at 
HNC or degree level. 

18.00-21.00 Wednesday evenings 

Course fee: £22 (plus an examination fee) 

Enrolment: Wednesday, 30 September 17.30-19.00 
Further details from, and enrolments at: 

• The Registry . 
School of Engineering and Science 
PCL, 115 New Cavendish Street 
W1M8JS. of Central London 
Tel: 01-486 5811 ext. 6234. (1339) 

· SERVICES ------ - - - - - - - --- -----------
CIRCOLEC 

THE COMPLETE ELECTRO.NfC MANUFACTURING SERVICE 
Let us realise all 'or any part of your project from prototypes to 
production, from artwork desi_gn and component sourcing, through 
assembly and test to final quality assurance, packing and delivery. 
We also provide a test, repair and modification service to suit your 
individual requirement. 

Free Offer! Ring for details of a free introductory offer to our sub-contract 
PCB assembly service. 
CIRCOLEC FREEPOST (no postage required) London SW17 BBR 

Telephone: 01-767 1233 
NEW! Access, Barclaycard, Diners Ca.rd riow welcome for payment. (544) 

FACILITIES AVAILABLE 
*Circuit Design & Development 
Digital and Analo_gue 
*Artwork lliyout 
Free prototype bd. (non PTH) 
Supplied with orders over £1 00 .. 
* Board Manufacture 
Prototype to semi-production. 
*'Wlrlng&Asaembly . 
PCB assembly, wiring and cable forming . 
*Test 
Full test facilities available. 

··* Copper C"'d Board · 
D/S fibreglass 1000 Sq inches of assorted 
usef~l sizes. £6:oo inc. post. 

One or all services avail-~ 
able, "o order too small. 
Please telephone Chelms-
ford 357935 or write to 
H.C.R., 1 Bankside, off New 
Street. Chelmsford, Essex, . 

(1169) 

30,000 SERVICE SHEETS IN STOCK 
COLOUR MANUALS ALSO AVAILABLE 

TV Monos Rl!dios £1.25; Tuners £1 .25; Tape 
Recorders.' Record . Players, Transisto~s from 
£1 .25; Car Radios, Stereowar:ns, Rad1ograms 
from £2. Except Colour TV C1rcu1ts from £2. State 

~h~~~~ita~~~~f~fi· \~~~~~ts2~~;£.9~ 1~o~t~~k.B~i~ T~ 
Pieces. All other Data full lengths. Free Fault 
Finding Chart or TV Catalogue with order. 
Crossed P.O.s returned, if sheets not in stock. 
S.A.E. please. 

C.CARANNA 
71 Beaufort Park, London NW1 i &BX 

01-458 4882 (Mail Order) ( 1325) 

PRINTED CIRCUIT 
BOARDS 

manufactured, any quantity, competitive 
prices, roller tinned~ photographic and 
artwork services ava1lable. 

MAYLAND PCB CO. LTD. 
4 The Drive 

Maylandsea, Chelmsford, Essex 
Tel: 0621741560 

(1326) 

IMAU. IIATCH PC8'1 produced 
rrom 1our artwork. Alao DIAU, 
PANiiLS, LAIIELS. Camefa wor-k 
undertaktn. FAIT TURNAROUND. 
_ oetalls: Winston Promouona, t 
llatton Place, Loll'don I:C l N IRV. 
Tel. · Cll·fOI U27/Citl0. (171« 

.TURN YOUR SURPLUS Capacttori, 
tranelstors, etc, Into cash. Contact 
COLES·HA&DING A Co. , lOS Bout~~ 
Br!nk, Wisbech, Cambs. 09fll-fl88. 
Immediate settlement. We aleo wet. 
come the opportunity to quote for 
complete f,actory clearance. (1501 

- - -~ ...... -----

BOARDRAVEN LTD. 
PRINTJ;D CIRCUIT BOARDS 

Manufactured to your specifications. Single/dou-

~~dsig~~-n~rt~. s~eae~t~~~~~'::'~tss oi7 ~~~~~~~s 
Contact: 
J . K. Harrison, Carnaby Industrial Estate, Brld~ 
llngton, North Humbarslde V015 3QV. Tel. 
(0262)78788. 

(1168) 

P.C.B. MANUFACTURE 
AND ASSEMBLY 

CUSTOM 
Design and Build Electronics 

and Power Supplies 

[]ElPf'l~ 
Luton 415832 

Contact Graham Perrett 
(12561 

liLECTilON·~ DesJGN SliRVICiiS, 
MICROPROCESSOR HAIU>WARJ: and 
SOJiTWARE design facUlties ban 
now been added to our establlsbed 
expertise and co-mprehensive test 
facilities previously anilable to 
you tor ANALOGUE and COIIIIUNI· 
CATIONS destens. - l'or · fastest 
results please phone Jlr. Anderson, 
Andertrontcs Ltd, Rldpway, HOI'• 
Back Seale (nr. Farnham), SurreJ, 
021118'·213V. (2fl) 

DESIGN SERYIC&. Electron-ic De· 
usn Development and Productlon 
Service available ln Digital and 
Analogue Instru.ments, RF Trans
mitters and Receivers tor control of 
any function at any ranre. Tele
metry Video Transmitters and 
Monitors Molortsed Pan and T.nt 
Head• etC. Suppliers to the Industry 
tor ·11 years. Phone or write Mr. 
ratkner, a.c.s. Electrontes, I Wol· 
eey Road Ashford, M-1ddlese%. 
Jl!bone Ashford 51881. <83U 

\. 
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OCT CONSUMER NOTICE 
Early models of Bremi BRS 27 power supplies imported 
by OCT in common with other currently imported makes 
were designed for the continental market and therefore 
did not contain the internal protection and thre_e-core flex 
required to meet the British Standard. 

OCT have accepted all the recommendations of the BSI 
(British Standards Institution) and all Bremi power 
supplies now on sale are made to this higher specifiea
tion. 

OCT are the sole importers of the 'British Market' Bremi 
power supply. 

Consumers should beware of Bremi power supplies that 
meet the continental specification which may be avail
able from other importers. 

(1330) 

CAPACITY AVAILABLE . ___ , __ 

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 replyto Box No. WW 82:37 

(8237). 

&ICTaONIC DliiiGN IERYICE. 
1-•cUate oapacltr available for 
dreuu dllllcn and denlopment 
wort, PC art'W'ort, etc. small batch 

. and proco&rpe produOUon welcome. 
- IC.P.D.S. Ltd., tsb IC1n1 Stree t , 
M.UDSTONI, ltmt. 0821·177tll. 

(H87 

PICa ASS•MaLY AND Aln'WORK 
D ESIGN 1ervtee. PrototYPes and 
bat.oh quantities. - Pads Electrical 
Llmi·ted. 0141'50 &418 or Ol·S59 57'-te. 
79 A:very HiU Road, New Eabham, 
London, S!EII 21B.J. (790'5 

EQUIPMENT WANTED 

TO ALL MANUFACTURERS 
AND WHOLESALERS • 

, IN THE ELECTRONIC 
RADIO AND TV · 

FIELD 

BROADFIELDS & 
MAYCO DISPOSALS 

will pay you top-prices for any large stocks oi 
surplus or redupdant components vyhichy~u, 
'may wish to clear. We Will call anywhere in 
the United Kingdom. · 

21 LODGE LANE 
NORTH FINCHLI:Y,LOND()N N1z ~.JG. ' 

;-telephone Nos. 01-445 0749/445 2713 
· After office hours 958 7624 

(91~3) 
- -- - - ----- -

- SERVICES 

SHEET MliTAL WORK, lne or · 
ceneral front panels chasats, 
coTers, boses prototyp61. 1 oft or 
batch work, last turnround. 01·4411 
28115. 11. Gear Ltd., 1711A Victoria 
Road, Ne~ Barnet, Herta, (811 

DESIG.N AND DEVELOPMI!NT . 
ANALOGUE DIGITAL, ar AND 
M:tCB.OW A. VZ CIRCUIT AND 
SYSTEM DESIGN. Also PCB design, 
mechanical design and prototype/ 
small batch producUon. - Adew
more Umltecl, Unit 103 Llscombe, 
Bracknell, Berks. Tel: BraekneU 
_nou. (Ill 

PCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high volume, single or double 
sided, we specialise in f_low line assem

, bly of printed circuit boards. 

Using the Zevatron flow soldering 
_.system and on line lead cutting, we are 
•able to deliver high quality assemblies 
on time, and competitively priced. Test 
facilities available. 

Find out how we can help you with your 
production. Phone or write. We will be 
pleased to call on you and discuss your 
requirements. 

TW ELECTRONICS LTD. 
120 NEWMARKET ROAD-

BURY ST. EDMUNDS, SUFFOLK 
TEL: 0284 3931 

Sub-contract assemblers and wirers to 
the Electronics Industry 

(1309j 

IIATCH PRODUCTIO N Wiring .and 
as.sembly to sample ()f drawings. 
MeDeane Electrical& Ltd, Ub Sta
t.lon Parade, Eallng Common, Lon· 
don W5. Tel: 01·P&2 8V71. (16G 

CAPACITY AVAILABLE Electronic/ 
Electrical assembler and wiring to 
sample or pr()totype. Site installa· 
tions and maintenance. Contro· 
Lynx Systems. Tel: 061-368 2148: 

PHONE 

YOUR 

CLASSIFIEDS 

TO 

OPHELIA 

SMITH 

ON 

01-661 3033 
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COMPUTER APPRECI·ATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: God-stone (0883) 843221 

DEC .SYSTEM 310 in~orporating POPS/A processor (with M3516/7 options & 32kW). twin RX02 double ODEC Model4000 belt printer. 651pm. Parallel TIL interface. Manuiactured 1980 ................................ ......... £95 

~ec~~~~:~~FJ'JL~~~s~~~ei~ ~~!1r~~~ ~~~ xh:~·bu.,P:,e~~;J:;e~~~s~~i~e1~~n~~~-~~~ -~~-~~- ~~~:. ~.~~~-i-~) :.~.~~;.;g ~~~~~~r:~~!:: :~o~•:,cP~~~:!·. ~~;~e~:b~:~=~~~~bf:~;~~f~;~ :~r~i~ars ~~r~~~~~e;~~~~g,_.;:~h~;~:. 
::,OJti~~~~i~~~!~;-'Jt~e~a~ ~rfte8rf~c8e~0r'~ ~~r~~~~8~~~~~:ar~~!n~IJ>csk~;~~~ 1b1R~0L~s~~~ie~~~ 21.~ ~~~r~~~uf~ih=~~r:U~~k~~!~~i(iij'~ .. ;~~-;;~~bi~·b;;,· ~·;;9i~~·~·; · ~~th~~·t;;~~·~p-~;iito~·::::::::: ::::::::::::: : :::::::::: ::::~~ 
megabyte disc drives, XYLOGICS disc drive controller; LOGABAX LX180 printer & VT52 VDU. All system IOMEC. Model 3404 disc drive. 10 megabyte capacity with one fixed and one top loading platter. 2400 rpm, 
components except VDU and disc drives unused prior to assembly by us .................... : ............................. £4,250 200 tpi and 2200 bpi. These drives are complete with documentation and have the industry standard 
DTC MICROFILE. Compact 8080 based boxed systems available in various configurations, both new & interface. IOMEC are no longer in business, nevenheless, electronic components are standard and we can 
secondhand. ALL systems feature: dual or quad floppy disc drives, dual serial interfaces switchable exter- supply incomplete drives free of charge to buyers. Service is, in any case, apparently available for IOMEC 

~~i~~:~~:,:,~~tJ~~~~~~r:;~~h;;;t~t~;:~~.fJ~2~~';'o1~~f~~~~~asnye~t~~p~ih8:u~~~r~ZsKl~~~~~~~.081 · ~!\~~g~~~~d~Ff,~~f~~i~~~~~~~eviih·~·~;;·ti~ad·~-~d·~~-~t~pi~-~lii~li·;;iati9~-~1·s·~~-ii~bYte ·~~;;a~iiV·t~~ 
~~~~~~~q~~~~s ~~~~~·~~:~~l~~·it::~'ft~~r:,~~;~ is~~~~~~ ~0 j!'~~~-t~~~;~:i:~~-~-~~~.:~ .. ~.~~~-~-~-~ ;~~ ~~~k~&'~Rh'r ~~~~~~~~o~~t .. r.;;~·,:i;;i··;;;w··di.iiii~i··~;;~~eti9 ... ~~it'.' .. o95i9.ii&li"t'~·:oo;;~·eci .. ii8iW8~~ 
DIABLO Model1620 KSR Terminal. Daisy wheel terminal with HyType II printer .......... ....... ........ .............. £1,200 terminal and processor giving ASR capability to a KSR terminal. 256 kByte capacity .on Philips type cassette. 

~fi'~~~~~~~~~~r~o~~~t~t~~~h_
5

_~;~~--~!-~~~.?~~~~-~~~~~~-.~~:~~.~~~?,~~~~~~--~~~~~~-~~-·- ~~~-~:.~~~-~~~~~~~ g~~~-~~~~~~~lli:~(j~~~-=~~~~:.:~~;~:~:~;~:~;;~~~~:~.ii~Q·~;:~i:~~:~:~~-::~~i~6 :~:~~:::: :: :::::::: ~: :::::: :: :::::::: :::.~ . 
~~ :! ~~~~~~~~: ~g~e~u33.3u~~:r~~~~:;;~~~~c~~~i~8g~~t~~~-~~~.~~::~.: -~~i~:.~.:.~::.~--~~~-~.:.:.~.~~ - ~-~.a:zBJ6 ~:;e~~ a~~~~a~0~~x ~~~ a~ei~de~~~r~n\a~;n~~~~~--~~:.~- -~-~-~~~~~~--~~--~~~~-~~~~: .. ~~~-~~~~-~ .. ~:~.~--~~~--~-~~~~ 
TELETYPE. Model ASR 33 with 20 mA current loop or RS232 interface. 110 Baud, remote reader control PERTEC 6000 SERIES SPARES: Tape Control Cl, Servo PSU A. These cards BRAND NEW available at one-
(whlch may be disabled by 1nsenion of a jumper), paper tape reader/punch and stand (when available)from third manufacturer's lowest price. 

Please Note: 
s·i>eRFiv~REMiii.iGroii.i·w~(li·F>;~~ess~(. ·i~~~·;;;~-~~ii~-9-ie·M·i/o'iYP~~;it~-~-~ii·h' ·~~~- -~aii·~·~ii~-~a~.:i-~iai~~:, 
e&a::~~~·&~~(0M:irf~ ~~:~~~~~ ~8~ c~;sv:i~~o~i~a~~~~4et~s~s~~~r ~~~~~~~~r~ ~~~~rt~~a·s:· 'fhes~·p-;i~.?r: 
are. Z80 m1crop~ocessorcontrolled w1th all firmware in 2708 EPROMs. All options, which include a self test 
facility, are sw1tch selectable. Forms control and alternative founts are available using control codes. 

* VAT and carriage extra all items. * Visitors welcome, but by appointment please. * We are keen to bid competitively for all good used equipment. · 

~~r~:~:i~r~~~!~?18£odc~~~~~ ~u~lifr~nc~~~:~~~~~~9-;;i8i8.~'Ji·~-;;~~;;~~-~t-3oo· ~~i:y: ·u~·~;;;;ii·:::::::::: :: :::::::.~: * We can supply a colour VHS tape of any item for the price of a tape. Alternatively, send your own tape 
with return postage. · 
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PROfESSIONAL TOOLCA.S 
for SerVice Engineer 

Size TL 100 19" x 14" x 6" . 

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

Size TL99 17" x 12" x 6" 

TLW4 Toolwallet measures 11" x 14" x 2W' when closed. Made from reinforced 
PVC with a heavy duty industrial zip . The TLW4 Toolwallet is a compact 
alternative when only tools are needed to be carried. 

0 
Please send I 

I I Enclosed £ . ~~~ 
I ~-m~y ~ch~e~q~ue~~------_.-

Name . (P&P £2.60 extra) I 
I Company I 

. : Add<e" I 
I 
I Tools NOT included. British made. · J Money back gua.rantee . Allow 7-21 days for delivery . --------------- Thieman Products Ltd 

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

TLW4 

PROFESSIONAL TOOLCASI 

for Service Engineen 

I lit n|| . 

t Lua« 

no 

& 

\jM \0C 

t 

Size TL100 19" x 14" x 6" 

VP 
The TL99 and TL100 are designed for the Professional Electronics, TV 
Instrument Technician who needs to carry a large number of specialist tools. 
Constructed from hard wearing ABS with strong aluminium frames, twin handles 
and toggle locks. They offer a moulded tray in the base, a comprehensive 2 sided 
tool pallet that's reversible with space for up to 40 tools. — The TL100 will take 
quite a few more. There's space for documents and a heat sink for a hot solder- 
ing iron to prevent any damage being caused. 

TLW4 Toolwallet measures 11" x 14" x 2V2" when closed. Made from reinforced 
PVC with a heavy duty industrial zip. The TLW4 Toolwallet is a compact 
alternative when only tools are needed to be carried. 

0 
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Size TL99 17" x 12"x6'J 

Tools NOT included. British made. 
Money back guarantee. Allow 7-21 days for delivery. 
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TLW4 

fel»man Products Ltd 
Ermine House, R)st St,Godmanchester,Cambs. PE18 8BA (0480)65534 
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