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Australia A$ 2.40 
Canada C$ 4.25 
Denmark DKr. 20 25 
Germany Dm. 6.00 
Greece Dra. 125.00 
Holland D^l. 5 75 
Italy L.2300 
Norway NKr. 21.00 
Singapore MS 5.50 
Spam Pts. 180.00 
U.S.A. $3.75 
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PART NO 

924229-18 

924 222-18 

924 269-36 

924299-36 

924339-36 

924262-36 

924292-36 

924332-36 · .. 

924382-36 

CONTACTS LENGTH 
INCHES 

25 18 

25 18 

25 36 

25 ·36 

25 36 

25 36 

25 36 

25 36 

25 36 

Wireless World, August 1981 

DESCRIPTION PRICE 

25 PIN MALE SINGLE END 18" LONG 5.97 

25 PIN FEMALE SINGLE END 18" LONG 6.04 

25 PIN MALE TO MALE DOUBLE END 36" 11.73 

25 PIN MALE TO 24 PIN DIP 36" 8.35 

25 PIN MALE TO 26 PIN SOCKET 36" 10.50 

25 PIN FEMALE TO FEMALE DOUBLE END 36" 11.50 

25 PIN FEMALE TO 24 PIN DIP 36" 8.75 

25 PIN FEMALE TO 26 PIN SOCKET 8.75 

25 PIN FEMALE TO 25 MALE 36" 11.50 

~ ALSO WITH 9, 15,37 CONTACTS ANY STYLE HUGE DISCOUNTS FOR QUANTITY 

AP sub-miniature "D'< jumpers have the lowest front to back profile in the 
world and come to you fully assembled, tested and ready to use. They are 
directly replaceable with existing ''D" connections . 

. DIP-DIP-DIP-DIP-DIP JUMPERS 
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK 

• EX-STOCK DELIVERY 
• 5 STANDARD LENGTHS 

6,12,18,24,36" 
• WITH 14, 16, 24, 40 CONTACTS 
• FULLY ASSEMBLED AND TESTED 
• INTEGRAL MOULDED ON 

·· STRAIN RELIEF 
• LINE BY LINE PROBEABILITV 

. SINGLE-ENDED DOUBLE-ENDED all prices 1-9 off. Huge discounts for quantity 

CONTACTS 24" CONTACTS 6" 12" 18" 24" 36" · 
14 £1.67 14 £2.11 £2.21 £2.31 £2.43 £2.63 
16 £1.89 16 £2.33 £2.45 £2.58 £2.66 £2.97 
24 £2.74 24 £3.45 £3.62 £3.78 £3.94 £4.30 
40 £4.38 40 £5.31 £5.61 £5.91 £6.22 £6.81 

We can supply DIP, SOCKET, PCB, CARD-EDGE RS232, assemblies made-up, 
tested, ready for use, cheaper than you can buy the parts, ask for quote. 

TEST-CLIP TEST-CLIP 

Clip anAP TEST-CLIPover an IC and 
you immediately bring up all the 
leads from the crowded board into 
an easy working level. 
22 NEW AP TEST-CLIPS TO PICK 
FROM 
examples: TC 14 923695 

TC 16 923700 
TC24 923714 
TC40 923722 

£2.76 
£2.91 
£8.50 
£12.88 

ADVENTURES 
ON THE IC'S 

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD 

A SPECIAL £6 OFF OFFER 

EBBO DISCRETE ADVENTURES 
STARTER PACK WITH ELECTRONICS 

ALL 
COMPONENTS 

TO 
BUILD ALL 

16PROJECTS 

Normal Price Normal Price Normal Price 
£6.67. £2.30. £17.25 

TOTAL PRICE ONLY £19 
incl VAT post & packing 

- ANYBODY CAN BUILD ELECTRONIC 
PROJECTS WITH EBBO BOARDS. 
We supply EBBO block, adventures with 
electronics book which gives step by 
step instructions to build 16 projects 
including: chip radio, two transistor 
radio, electronic organ etc. and every 

· component needed. Nothing else to buy. 

When you buy a SUPER5TRIP BREADBOARD you buy a breadboard to last you for ever, we give you a LIFETIME 

guarantee. 5UPER5TRIP is the f"QOSt used breadboard by hobbyists, professionals and educationalists because it gives 

you more for your money ... With 840 contact points 5UPER5TRIP accepts all DIP's and discrete components and with 
eight bus bars of 25 contact points each 5UPERSTRIP will take up to nine 14-pinDIP's at any one time. 
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee. 
SUPER5TRIP 552 923252 PRICE INCL VAT £9.78 

WW--003 FOR FURTHER DETAILS 
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WIRELESS WORLD AUGUST 1981 

Front cover shows spider
like legs and contacts of a j(g 
for · testing integrated Cir
cuits, photograph~d at 
Wentworth Laboratones by 
Paul Brierley. 

. IN OUR NEXT ISSUE 

Acceleration feedback 
speaker uses a feedback sig
nal from the bass driver 
cone to improve low-fre
quency response and reduce 
distortion at low frequen
cies. 

Direct memory access in 
micro systems transfers in
formation rapidly between 
memory and i/o without 
involving programme 
control and c.p.u. The prin
ciple is explained. 

Video discs update. Now 
that several competing 
systems are being launched 
we report latest de
velopments in this con
sumer electronics tech· 
nology. 

Current issue price 60p, back is
sues (if available) £1.00, at Retail. 
and Trade Counter, Units 1 & 2, 
Bankside Industrial Centre, Hop
ton Street, London SE1. Avail-. 
able on microfilm; please· 
contact editor. 
By post, currently issue 96p, 
back issues (if available) £1.50, 
order and payments to EEP Gen
eral Sales Dept., Quadrant 
House, The Quadrant, Sutton, 
Surrey SM2 5AS. 
Editorial & Advertising · 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 £l0.00 
UK and $33.80 outside UK. 
Student rates: 1 year £5.00 UK 
and $16.00 outside UK. 
Distribution: Quadrant House, 
The Quadrant, Sutton, Surrey 
SM2 5AS. Telephone 01-661 
3500. 
Subscriptions: ·Oakfield House, 
Perrymount Road, Haywards 
Heath, Sussex 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 00436062 

wireless 
world 

ELECTRONICS/TELEVISION I RADIO/ AUDIO 

AUGUST 1981 Vol87 No 1547 

29 Information versus emancipation 

30 Electr·onics on the road 
by J. R. Watkinson 

34 World of amateur radio 

35 Simplified design of d.c. power supplies 
by J. C. S. Richards 

38 Programmable sound-generator interlace 
by M. Shepherd 

39 letters to the editor 
The death of electric current Slotted cylinder aerials 

Distortion at amplifier-speaker interface 

44 Satellite tracking by home computer 
by N. Kyriazis 

47 Radio and the birth of the universe 
by E. Eastwood 

53 Digital storage and analysis of speech - 2 
by I. H. Witten 

5'5 Circuit ideas 
Voltage change detector/Variable time offset 

59 Transient response of audio filters 
by D. C. Hamill 

65 Designing with microprocessors - fO 
by D. Zissos and G: Stone 

68 News of the month 
Meteorite spotting/Recharging dry cells 

73 Is radiation resistance real? 
by D. A. Bell 

75 Correlator for angles 
by T. Spencer 

80 New products 

82 Sidebands 
by Mixer 
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House of Instruments Ltd., 
Clifton Chambers, 

62, High Street, 
Saffron Walden, 
Essex CB10 1EE. 

Telephone: (0799) 24922 
Telex: 81653. 

WW -014 FOR FURTHER DETAILS 
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DAL 9622 

WIRELESS WORLD AUGUST 1981 
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DON'T _GAMBLE 

WITH PERFORMANCE 
BUY 

LEVELL VOLTMETERS 

VOLTAGE & 15IJ.V, 50rN. 150p.V .. . 500V fsd. 
dB RANGES Ace.±. 1% ± 1% fsd ± 11.1Vat 1kHz. 

- 100, -90 ... + 50d8 . 
. Scale -20dBI + 6d8 ref. 1 mW I 6000. 

RESPONSE ± 3dB from 1 Hz to 3M Hz, 
± 0.3dB from 4Hz to 1 MHz above 5001.1 V. 
TM3B filter switch: LF cut 1OHz, 
HF cut 1OOKHz, 1OKHz or 350Hz. 

INPUT IMPEDANCE Above 50mV: 1 OMQ < 20pF. 
On 50IJ.V to 50mV: > 5MQ < 50pf . 

AMPLIFIER OUTPUT 150mV at fsd. 

BROADBAND VOLTMETERS 

H. F. VOLTAGE & 1 mV, 3mV, 10mV . .. 3Vfsd . 
dB RANGES Ace. ± 4%± 1% fsd at 30M Hz. 

-50, -40 ... +20dB. I 

Scale -1 OdBI + 3dB ref.1 mW I 50Q. 

H.F. RESPONSE ± 3dB from 300kHz to 400MHz. 
_± 0.7dBfrom 1MHzto 50MHz. 

L.F. RANGES As TM3. 

AMPLIFIER OUTPUT Square wave at 20Hz on H.F. with 
amplitude proportional to square of input. 
AsTM3on L.F. 

type 
TM6A - £199 type 

TM6B £215 

D.C. MICROVOLTMETERS 

VOLTAGE RANGES 

CURRENT RANGES 

LOG. RANGE 

RECORDER OUTPUT 

- ~:,0 £106 

30p.V, 1 OOr.N. 30011V .. . 300V . 
Ace. ± 1% ± 2% fsd ± 11.1 V. CZ_ seal~_-

30pA, 1 OOpA, 300pA ... 300mA . 
Ace. ± 2% ± 2% fsd ± 2pA. CZ ~cale. 

± 61.1Vat± 10%fsd, ± 5mVat ±. 50%fsd,· 
± 500m Vat fsd. 
±. 1Vatfsd into·::>-fH2.' · 

These Instruments incorporate mariy useful features, including long battery life. All A type models have 83mm scale meters and case sizes of 185 < 11 ci x 130mm.- B types have· 
127mm mirror scale meters and case sizes of 260 x 125 x 180mm. Fully detailed specification sheets are available on request for our complete range of portable instruments. 
Prices are ex-works, carriage. packing and VAT extra . Optional extras are leather cases and power units. 

MOXON STREET, BARNET, HERTS., EN5 5SD. 
TEL: 01-449 50281440 8686 
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Marconi 
TF2002B AM/FM Signal Generator. 
I OKHz-88MHz. 0. I 1.1 V-I V . 20Hz-
20KHz Mod frequency. 

£1200.00 

ANA,O$~&V~f;.'t~EfERS 
AND MUt.:tiM=~· 

93A'l"rca!K 

84Q~:AVe<;tl::WVQJt;meter l4t'Xl0Ml"(~ fr~$()~ 
1n <tiian9e.s • . . • •• £l 9JS$l® 

qJ( ve~lf.n.et!%f A;{; . 
S!Xrf.l'lV~<IRv. ~~ ~~1lL 

M!lbvoftmeteJ l t:lt1H2~FI~ . 
• . • . . £195>00: 

E 
Everything as new~ 

Tektronix 
T935A Oscilloscope DC-35MHz 
2mV- I OV/div. Delayed sweep. 

£595.00 

Solartron 
7065 Microprocessor DMM. Scale 
length I .400,000. AC/DC volts, 
resistance. 
At Half New Price £695.00 

MUkTJMEf:ERS 
Avo, 
Test·Sel Ntn:noer J l!Ok$V¥Qit>, v 

:ltl~adJi!t · : . . . 
~per- SPSJ!tectest. ~Jt!Kfil~roJt • 

Q"SeiLLOS.COPIS 

Yokagawa 
3047 2 Channel Chart Recorder. 
0.5mV-100V. 2cmlhr-60cm/min . 

£435.00 

rolcers 
STEQ 

except the pricel 

Bruel & Kjaer 
2203 Sound Level Meter CIW 4165 
'hin Microphone. 26-140dBA. A,B or 
C weighting. Fast or slow response. 

£395.00 
Bargain In Unused Condition 

SJGNAt.IDURCSS 
Ava. 
HFlj~~i\MIIM4'$iQnat(J~fleratQJ', 4 'Q..f~.H~ 
()- JQp!JJVJfl2Ucta'.StepscPJosJme"~OJ1trql ~tP-
Z"' :rsn . • , . £4To:oo 

Tektronix 
455 Dual Trace Portable Oscilloscope 
DC-50MHz. SmV-5V/div. Full 
delayed sweep. Super condition. 

£925.00 
Large Quantities Available 

. . 

I ::-1 : I ::...· : I ::-1 : I ::-1 = I ::-1 
::-1 = I ::-1 : I ::-1 : I ::-1 = I 

Electronic Brokers I ::-1 = I ::-1 : I ::-1 

I M T 

Marconi 
TF2005R 2 Tone Signal Source.-20Hz-
20KHz. 0-111 dB in 0.1 dB steps. 

. £295.00 

Wayne Kerr 
RA200 Frequency Response 
Analyser. Frequency range 20Hz-
30KHz or 200Hz-200KHz. II in. crt 
display £850.00 
Normal Price when new 
approx. £1906.00 

-~~f§:~P~~~~,~o~f~9.1s~d~f2~\,$J>O 

l ·fffi)1io"., 

~~~-6ev1at1 0ill<M.et~r 4«t02~'Ma4 
£195,(1(1 
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E 
Computer equipment and peripherals 

A section of our warehouse showing an extensive 
range of DEC components and systems available. 

PDP 11170 Systems 
available from £22.000 

PDP l l /34 inc RLOJ' s, systems 
available now. Great 
savings. 

PDP11 SYSTeMS 

PDP;11 <;;P.U .. $ 
ps¢. 
PDPf.IJ03'-SD'!<$.tte~wr tm 3Y~~ t;t:l;iiS.sls,gompfete'Vill!'f.l ifiSKW MCIS 

PDPT! MEMORY 

MA:GN.ETJC TAP& 
QEG:~ . . 
Av~~l:ifeftomS~·tf)time - t tJl'Q. ~tJ;~:;s, f;llN~ "FSQ3,eur, 

PDP:t I OP'FIOIVS 
Q~(;. 
AA i t:i:')V 'fO;J 

tltt'tX 
M93br"Y:$:;Bootstfil!P ... 

POWER SliilPPUES 
~~q. 
tif74QfiQW!:.1'Sljppiyfot BAt · l!Ekpcnder<J~()I\" 8R~NilfN€'W 
SUR.PLIJ5 . . . • • , . . • .• ,~ .,tl:1S.O(I 

PBP8A C.P.U. 
qgq . 
. POPSAf.lroeesSQ!'s, ;vsrems an~ -<i!dfr.'0f'tmemory·u.sttal(y av.anablt:t 

PDPSA MEMORY 
~C:-
Mtv\~AAS~Y(Cpre~ .,. . • .. .,.. ... i 1J&.OQ 
MM8A!B !6~€tlfe ., • . , '" ... ., .• , . • £9§5.00 

PDPSE CPU, MEMORY, ·OPTlQN$ 

' · " imrorW:ileno!:~i .~: ... 
KS.'tMMF a&pt>r lBMi!ii' but.wrm 7'1 keysratrQn$ fffirot;pora~irot 
O~:Jmef._tc P<Jd·<fr.ii:h;ui'.S0~·'§-03troflf,ey.s • • • 

, . . . . . . . I!Pa~:Qrdeft¢falj ., 
~7iJ2 St-eel•:ttfl(liE1J'SureJpr K:B15~'~eyboatd . , . 

(m<!lkOrdertotal! 

I ::-1 : I ::-1 : I ::-1 : I ::-t : I ::-4 
::-t : I ::-1 : I ::-t : I ::-t : I 
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UIP E 
by Digital Equipment Corporation 

PDP 11/34 wide range of 
CPU's available from 
£4000 

The VTJ 00, Digital's 
high performance video 
terminal 

A selection of our indepth range of DEC Terminals. 

PROGRA'MMASLE CAL-t'ULA'Jt<JRS 
Ml!W~Patkafd. 

VDUs 
Hazeltine. 

Also available from time to time 
Hazeltine 1500 from 
Hazeltine /51 0 from . 

HI 000 The low, low priced 
teletypewriter-compatrble v ideo 
display terminal. offering your 
choice of transmission speeds up to 
9600 baud-as well as parity 
generation and checking. 12 x 80 
display upper case f\SCII. RS232 
interface. choice of baud rates 

· Standard baud ra tes either (aj 
I I 01300 or (bj300/1200. (£25 
surcharge for other·combrnations 
up to 9600 baud! 
SUPER VALUE . . .. . . £199.00 
H2000 Superb spec. including full 
XY cursor addressing and edit 
facilrty. 27 x 74 display. upper case 
ASCII . RS232 interface. switch
selectable baud rates. . £299.00 
H2000C NOW ALSO AVAILABLE 
with 2 5 x 80 line format and 
C-MOS logic... . . £375.00 
Modular One . Now with 
upper/lower case. XY cursor 
addressing. 24 x 80 line drsplay. 
dual intensity detachable 
keyboard. choice of 8 transmission · 
rates up to 9600 baud . .£399.00 

£575.00 
. .£650.00 
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The firm for Speakers 

:.HI-FI 
DRIVE 
UNITS 

· AUDAX HD12.9D25 £8.75 
AUDAX H011 P25EBC £7.50, 
AUDAX HD20825H4 £14.95 
AUDAXHD13D34H £12.95 . 
AUOAX HD24S45C £21.95 · 
AUDAX WFR15S £23.95 
CHARTWELL CEA205 pair £61.25 
COLES 4001 £7.65 
COLES 3000 £7.65 
COLES 3100 £7.95 
COLES CE2000 6Yl'' £14.95 
.CEI..ESTION. Hfnpo II £12.50 
CELESTION HF2000 £13.60 
DALESFORD D 10 tweeter £8.45 
DALESFO RD D 1 0 terrofluid £8.95 

.DALESFORD D30/110 £11 .25 
,DALES FORO D50/ 153 £12.25 
DALES FORO D50/ 200 £12.25 
DALESFORD 0100/250 £29.95 
DALESFORO 0300 £35.75 
DECCA London Horn £79.95 
ELAC 6NC204 6Yl'' £7.50 
ELAC 8NC2g8 S" £8.95 
EMI type 350. 13" x 8". 4 ohm £9.45 
EMI14A/770.14"xg" , Sohm £19.50 
ISOPHON KKS/8 £8. 15 
ISOPHON KK10 / 8 £8.45 
JORDAN WATTS Module £24 .95 
JORDAN WATTS Module Mk Ill £28.50 
JORDAN WATTS HF kit £10.50 
JORDAN 50mm u ·nit "£3Bo 
JORDAN crossover each £15.95 
KEF T27 t9.45 
KEF B110 £12.25 
KEF B200 £13.50 
KEFB139 £27.75 
KEF DN 12 £9.40 
KEF DN 13 £8.75 . 

. LOWTHER PM6 £63.00 
LOWTHER PM6 Mk I £67.75 
LOWTHER PM7 £99.00 
PEERLESS K0.10DT £10.95 
PEERLESS DT1 OHFC £10.50 
PEERLESS K040MRF £13.60 
RICHARD ALLAN CGBT £13.50 
RICHARD ALLAN CG 1 2T Super £29.50 
RICHARD ALLAN HP8B £20.75 
RICHARD ALLAN LP8B £14.50 

RICHARD ALLAN HP 128 £33.50 
RICHARD ALLAN OT20 £9.95 
RICHARD ALLAN DT30 £10.76 
SEAS H 107 £9.95 
SEAS H211 ferrofluid £10.95 
SHACKMAN ES units £136 pair 
SHACK MAN ES units with cabs. £170 pair 

PA GROUPS. , & 
DISCOUNITS • 

CELESTION G 1 2 I 50TC £19 .50 
CELESTION G 12/ 80CE £24.50 
CELESTION G 1 2 I 80TC £23.75 
CELESTION G12 / 125CE £42.00 
CELESTION G 1 5 I 1 OOCE £37.95 
CELESTION G 1 5 I 1 OOTC £38.50 
CELESTION G 18 I 200 £84.75 
CELESTION Powercel 1 2 I 1 50 £66.00 
CELESTION Powercel 15 / 250 £88.00 
FANE CLASSIC 45 12" £13.95 
FANE CLASSIC 55 12" £1 5 .50 
FANE CLASSIC SO 12" £19.75 
FANE CLASSIC S5 1 5" £26.00 
FANE CLASSIC 150 15" £37.95 
FANE CLASSIC 125 1 8" £43.95 
FANE CLASSIC 17 5 1 S" £4 7.95 
FANE GUITAR SOL 12" £26.25 
FANE GUITAR 808/2 12" £27.25 

. FANE DISCO 100 12" £28 .75 
FANE PASS 12" £26.75 
FANE BASS 100 15" £39.00 
FANE CRESCENDO 12E 12" £57.50 
FANE CRESCENDO 1 5E 1 5" £74.50 
FANE CRESCENDO 18E 1S" £94.75 
FANE COLOSSUS 15E 1 5" £99.95 
FANE COLOSSUS 1SE 1 S" £107.00 
FANE J44 £6.90 
FANE J73 £10.90 
FANEJ104 £15.95 
FANEJ105 £23.95 
GAUSS 3181A 10" 150 watts £1 15.00 
GAUSS 42S1 12" 300 watts £146.00 
GAUSS45S115" 300watts £162.00 
GAUSS 45S3A 1 5" 400 watts £ 162.00 
GAUSS 4882 18" 400 watts .£220.00 GOODMANS 8PA £5.05 
GOODMANS PP12 £22.60 
GOODMANS Dl12 £25.50 
GOODMANS GR 12 £24.95 
GOODMANS 18P £48.45 
GOODMANS HIFAX 50HX £21.85 
GOODMANS HIFAX 100HX £24.50 
McKENZIEC12100GP £24.45 
McKENZIE C121 OOTC £24.45 
McKENZIE C1 2100 bass £24.4 5 
McKENZIE C12125GP £39.95 
McKENZIE C12125TC £39.95 
McKENZIE GP15 £35.10 
McKENZIE TC15 £35.10 
McKENZIE C15 bass . . . . . . £59.60 
MOTOROLA PIEZO HORN 3 V>" £8.50 
MOTOROLA PIEZO HORN 2" x 6" £12.25 
RICHARD ALLAN HOST £20.25 
RICHARD ALLAN HD10T £21.75 
RICHARD ALLAN HD12T £29.75 
RICHARD ALLAN HD15" £52.75 
RICHARD ALLAN HD15P £52.75 
RICHARD ALLAN 1 5" £77.00 
RICHARD ALLAN 1 8" £96.00 

KITS FOR MAGAZINE DESIGNS 
Kits include drive units, cro• aove ra, 
BAF /long fibre wool, etc, for. a pair of ...... 

Carriage £3.95 
un .... otherwl• .wted 

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

£152.75 

Hi Fi Answers Monitor ca~~~~-~ 
Hi Fi News State of the Art £189.00 
Hi Fi News Midiline £91.75 
H1 F1 News Miniline £49.00 
Hi Fi News Tabor with J4 bass units 

Hi Fi News Tabor with H4 bass un~:&.OO 
Hi Fi for Pleasure Compact Monito~70"00 

£116.00 
Hi Fi for Pleasure E.C.rk {includng felt 
panels. foam etc) £77.50 

Popular Hi Fi Jordan System 1 ca~~a:f3.~ 
Popular Hi Fi Mini Monitor £77.00 
Popular Hi Fi Round Sound 
including complete cabinet kit £74.00 
Practical Hi Fi and Audio BSC3 £65.00 · 
Practical Hi -Fi and Audio Monitor ... 

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

Practical Hi Fi & Audio DBS4 £~::: 
Everyday Electronics Etho 
Everyday Electronics EE70 

carriage £5 
£29.50 

£ 150.00 
carriage £5 

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

Smart badges FREE with all the 
above kits (to give that professional 
touch to your DIY speakers) . 
Reprints / construction deta i ls of the 
above designs 10p each . 

·wiLMSLOW AUDIO BA 1 
sub bass amplifier I 
crossover kit £37.95 

plus £1 carriage 

ALL PRICES INCLUDE VAT @ 15% 
and are correct at I /2/81 

SEND SOp FOR 56-PAGE CATALOGUE 
'CHOOSING A SPEAKER' 

{or price list only free of charge) 
Export Catalogue £1 or $3 U .S. 

WIRELESS WORLD AUGUST 1981 

EVERYTH ING IN STOCK 
FOR THE SPEAKER 
CONSTRUCTOR! 

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

{Send 22p in stamps for ·grille fabric 
samples) . 

SPEAKER 
KITS 

PRICES PER PAIR 
CARRIAGE £3.95 

UNLESS OTHERWISE STATED 

COLES NIMBUS KIT 
{mounted on baffle) 

£69.00 

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

£79.95 . 
KEF Reference 1 04aB kit 

£133.00 plus £5 carriage 
KEF Cantata kit £199.00 plus £5 carriage 
LS3 Micro Monitor kit £76.00 
LOWTHER PM6 kit 1 £132.75 
LOWTHER PM6 Mk 1 kit £139.95 
LOWTHER PM7 kit £199.00 
RADFORD Studio go £181.00 
RADFORD Monitor 180 £243.00 
RADFORD Studio 270 £309.00 
RADFORD Studio 360 £450.00 
RICHARD ALLAN Tango Twin £55.50 
RICHARD ALLAN Maramba £77.50 
RICHARD ALLAN Charisma £ 111.00 
RICHARD ALLAN Super Triple £ 102.50 
RICHARD ALLAN Super Sara band II 

RICHARD ALLAN RAS kit 
RICHARD ALLAN RA82 kit 
RICHARD ALLAN RAB2L kit 
SEAS 223 
SEAS 253 
SEAS403 
SEAS 603 
WHARFEOALE DENTON XP2 kit 
WHARFEDALE SHELTON XP2 kit 
WHARFEDALE LINTON XP2 kit 
WHARFEDALE L60 kit 
WHARFEDALE LBO kit 
WHARFEDALE L 100 kit 
WHARFEDALE E50 kit 
WHARFEDALE E70 kit 
WHARFEDALE E90 kit 

£159.95 
£62.75 
£98.75 

£108.00 
£42.50 
£67.00 
£79.95 

£134.95 
£~1.45 
£40.40 
£56.20 
£52.50 . 
£72.00 
£87.00 

. £129.00 
£160.00 
£249.50 . 

CARRIAGE & INSURANCE 
Tweeters/ Crossovers 70p Nch 
Speakers 
4" to 6 Y2' ' lOp each 
S"to10" £1.10eac:h 
12",13"x8", 14"x9" £2.00 eac:h 
15" £3.00 each 
1S" £5.00 eac:h 
Speaker Kits £3.95 pair 
Mag. Design Kits . £3.95 pair 

unless otherwise stated 

tma The firm for HI-Fi 

Tel. 0625 529599 for speaker drive units, kits, PA equip
ment, mail order enquiries , and all export 

enquiries. 

Tel : 0625 526213 for Hi-F i equ ipment and complete 
· speaker enquiries . I WILMSLUW 

ffi00[]]0[[) 
. The firm for Speakers 

5 Swan Street 
Wilmslow, Cheshire = Lightning service on telephoned credit card orders! 1[CJ 

WW- 032 FOR FURTHER DETAILS 

35/39 Church Street 
Wilmslow, Cheshire 
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Here is the expertise 
you can depend on-

Clark P.T. mast, 
vehicle-mounted in 

Range-Rover. The P.T. 
series of masts is 

widely accepted by 
international 
broadcasting 

authorities . It is for 
field streng·th 

measurement work 
that they have been in 

particular demand. 
Extended heights 

4.1m. to 21m. 

When you choose a mast 
from the comprehensive 
Clark range you are 
assured of a high standard 
of Engineering and 
operational rel iab ility. 

Why compromise? 

Extended heights 4 
metres-3D metres, capable 
of lifting headload 1 kg. -
200 kgs . Sectional or 
telescopic air ooerated for 
field or veh icle mountin~ . 
Write of phone us for 
.Details today . 

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

WW - 005 FOR FURTHER DETAILS 

HM312 Dual 
Trace 
Oscilloscope. 

9 

DC-20M Hz. 
Sensitivity 5mV-
20V / cm . Time 
base range 
0 .5uS-0.2S / em 
with x5 horiz mag · 
to 100nS / cm, 
with variable / 
control 
uncalibrated to 
40nS / cm . CRT 
screen 8 x 10cm. 
Full XY using chll 
as X input . 
Bandwidth 
2.3MHz. TV 
trigger . 

NOWBETIER 
VALUE THAN 
EVER AT 

HM512Dua,l 
Trace 
Oscilloscope 
with delayed 
sweep. 
DC-50MHz . 
Sensitivity 5m V · 
20V / cmTime 
base range 
0.1uS-2 .0S / cm 
wi t h x5 horiz mag 
to 20nS / cm . 
Delay ranges 7 
decade steps 
100ns- 1Swith 
fine control CRT 
screen 8 x 10cm. 
Full XY using ch II 
as x i r1put . 
bandwidth 4 
MHz . Z input . 
De lay line allows 
viewing of 
leading edge 
Vert ical overscan 
indicated by 2 
LED 's . 

Other models available. 
HM307 10M Hz plus component tester . £138.00 

HM41220 MHz with sweep delay . £350.00 
HM81 2 50 MHz storage. £1458.00 

All" scopes can be fitted with a lqng pe rsisten ce CRT at extra cost. 

World-beating Oscilloscope Offers 
FROM 

Electronic Brokers 
· 61 /65 King's Cross Road 

I --.... - . London WC1X 9LN ......-w - Tel: 01 .:218 3461. Telex 298694 
Pnces ·do not include carr iage or VAT 

WW - 034 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com
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METER PROBLEMS? 

137 Standard Ranges in a variety of 
sizes and sty I ings available for 1 0-14 
days del ivery . Other Ranges and 
special scales can be made to order. 

Full Information f rom: 

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

Telex: 892301 HARTRO G _ 

WW-006 FORFURTHERDETAILS . 

WIRELESS WORLD AUGUST 1981 

..-...--MORE SPEC. FOR YOUR MONEY_._ ..... 

TYPE 217 DUAL POWER SUPPLY 
£84 . 88 .& £3.00 carriage, ins., etc. 

CONSTANT VOlTAGE or CONSTANT CURRENT 

DIGITAL MONITORING 

MODE INDICATION 

+O to 20V and -0 to 20V or 0 to 40V 

+ 0 to 750mA and - 0 to 750mA 

ALL INOEPENOENTL Y SELECTABLE 

LAB SPEC. - BENCH PRICE! 

OMB ELECTRONICS. RIVERSIDE, EVNSFORD, KENT OA4 OAE 

Tei.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--~ 
_ _FW -OJ 1 FOR FURTHER DETAILS 

NEW DISTRIBUTORS WANTED 

Cobbies Ltd ., 
London . 01-699-2282 

Microdig ital Ltd ., 
Liverpool. 051 -227 -2535 

Electron ica CG Ltd 
Manchester. 061-n3S-0656 

Spectron Electronics (Manchester) Ltd 
Salford. 061-834 -4583 ., 

~ Part of a complete range . 

AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS 

Jee Dist ribution Ltd 
Middlesex. 01-897-3429 

Watford Electronics Ltd 
W ntfnrrl nQ?~ -~777A ·: 

T echnomat ic Ltd ., 
I - ... -J __ f'\1 A ~I"\ , ~"" 

0 
w 
1--

~ 
:::::; 
~ 
::J 
.....J 
0 
0 
1--
..tl 

z r 
u 
<( 

:? 
~ 
0 
lL 
0 
z 
0 
U5 
> 
i5 
<( 

* 
Transom, 

London. 01 -402-8137 

A Marshall (London) Ltd. , 
London . 01-624-0805 

Interface Components Ltd ., 
Arnersham . 02403-22307 

New Beor_Co~puting Sfore Ltd. , 
~...._-~ 
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BULK EPROM 
PROGRAMMING 
P4000 PRODUCTION 
EPROM PROGRAMMER 

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

BULK EPROM 
ERASING 

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

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

. BULK EPROMS ~~"~ 
1-9 10-24 25-49 50-99 100 u~C.t 

2716 (450ns) £5.00 £4.50 £4.00 £3.55 £2.95 
~s-ing'le rail) 
2708 (450ns) £3.90 £3.50 £3.10 £2.90 

Postage and Packing is included in all prices. ADD VAT at 1 5% . 
All our EPROMS are manufactured by lead ing companies and are 
fully guaranteed , branded and to full specification . 

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

Overseas cust omers, please telex or write for quot at ion and 
t erms. 

GP INDUSTRIAL 
ELECTRONICS LTD. 

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

Telex: 42596 
DISTRIBUTORS REQUIRED - EXPORT ENQUIRIES WELCOME 

WW - 036 FOR FURTHER DETAILS 

.. ·· • . li\ 
uu•''t '"' \\tl\1 . 
. . '''" ,,,,\. 
'· ~~tl"'''' · ~OA 4* o;g;tLCD ~" DMM with true RMS on 

AC volts and current · 
- DCvolts200mV-1KV, 

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

801 2A 3 Y2 Digit LCD DMM with true RMS on AC volts and current. 
DC volts 200mV-1 KV, 100~V resolution . AC volts 200 mV-750V, 
100~V resolution. DC/ AC current 200JAA-2A, 0 . 1 ~A resolution. 
Resistance 200Q-20MQ, 0.1Q resolution Low resistance 2ll and 20Q, 
.1 mQ resolution Conductance ranges 2mS-20J.~S -200nS 

£218.00 mains model 
£244.00 mains battery. 

8010A 3 Y2 Digit LCD 
DMM Same spec as 
8012A plus a 10Amp 
AC / DC current range, 
but no low resistance 
range . 
£167.00 mains model 
£193.00 mains battery. 
8024A 3 Y2 Digit hand 
held LCD DMM with peak 
hold level Detector 
and continuity tester. 
DC volts 200mV-1 KV, 
100J.1V resolution . 

AC volts 200mV-750V, 100J.IV resolution .DC/ AC current 2mA-2A; 
1J.1A resolut ion. Resistance 200Q-20MQ, 0 .1 Q resolution . 
Conductance 200nS. Peakhold of AC or DC volts and current. 
Level dete'ctor operates around + 0.8V reference. Audio _tone on 

. level and continuity, £155.00, carrying case £8.00 extra. 
8020A 3% Digit hand held LCD DMM. spec as per 
8024A with extra conductance range of 2mS but 
no peak hold, level or continuity ranges. 
Complete with ca rrying case. £125.Ci0 . 

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

carrying case £8.00 extra. 

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

Electronic .Brokers 
·61-65 King's Cross Road · 

11 

·I - London, WC1X 9LN 
· - Tel : 01-278 3461- Telex 298694 

Pr~ce s do not include carnage or VAT . . , 

WW - 035 FOR FURTHER DETAILS 
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Ambit's new concise component catalogue is out ! ! 
Our new style concise parts/prices catalogue is available at most newsagents for 50p - or direct from here. 

CMOS 4000 4559 
4000 0.13 4560 
4001 0.20 4561 
4002 0.14 4562 
4007 0.19 4566 
4008 0.70 4568 
4008AE 0.80 4569 
4009 0.30 4572 
4010 0.30 4580 
4011AE 0.24 4581 
4011 0.15 4582 
4013 0 .35 4583 
4015 0.70 4584 
4016 0.30 4585 
4017 0.65 4702 
4019 0.68 4703 
4021 0.75 4704 
4022 0 .68 4705 
4023 0.19 4706 
4024 0.45 4720 
4025 0.18 4723 
4026 1.05 4724 
4028 0.60 4725 
4029 0.75 40014 
4030 0.35 40085 
4035 0.75 40098 
4040 0.68 40106 
4042 0.65 40160 
4043 0.68 40161 
4043AE 0.93 40162 
4044 0.68 40163 
4046 0.69 40174 
4047 0.69 40175 
4049 0.30 40192 
4050 0,30 40193 
4051 0.65 40194 
4052 0.69 40195 
4053 0.69 
4054 1.30 TTL 'N' 
4055 1.30 
4056 1.35 7400N 
4059 5.75 7401N 
4060 0.95 7402N 
4063 1.15 7403N 
4066 0.38 7404N 
4067 4.30 7405N 
4068 0.18 7406N 
4069 0.18 7407N 
4070 0.25 7408N 
4071 0.22 7409N 
4072 ·o.22 7410N 
4073 0.22 7411N 
4075 0 .18 7412N 
4076 0 .60 7413N 
4077 0.23 7414N 
4078 0.25 7416N 
4081 0 .1S 7417N 
4082 0 .25 7402N 
4093 0 .45 7421N 
4099 0.99 7422N 
4175 1.15 7423N 
4502 0.90 7425N 
4503 O.S5 7426N 
.4506 0 .7S 7427N 
4507 0.4S 7428N 
4508 1.99 7430N 
4510 0 .70 7432N 
4511 0.85 7437N 
4512 0.70 7438N 
4514 2.20 7440N 
4515 2.50 7441N 
4516 0.75 7442N 
4518 0 .75 7443N 
4520 0.80 7444N 
4521 2.36 7445'N 
4522 1.49 7446N 
4527 0.95 7447N 
4528 0.9S 7448N 
4529 ' 1.40 7450 
4539 1.10 7451N 
4543 1.00 7453N 
4549 3.50 7454N 
4553 3.10 7460N 
4554 1.73 7470N 
4555 0 .72 7472N 
4556 0 .58 7473N 
4557 2 .10 7474N 
4558 1.00 7475N 

2 .75 7476N 0.30 
"2.18 7480N 0.26 
0.70 7481N 0.20 
2.75 7482N 0.75 
1.59 7485N 0.75 
2.18 7486N 0.24 
1.95 7489N 1.05 
0 .30 7490N 0.30 
3.25 7491N 0.55 
1.50 7492N 0 .35 
0 .99 7493N 0.35 
0 .80 7494N 0 .70 
0.49 7495N 0.60 
1.00 7496N 0.45 
4 .50 7497N 1.40 
4 .48 74100 1.10 
4.24 74104 0.62 
4 .:24 74105 0.62 
4 .50 74107 0.26 
4 .00 74109N 0.~5 
0.95 74110N 0.54 
0.95 74111N 0.68 
2.24 74112N 1.70 
0.54 74116N 1.98 
0.99 74118N 0 .85 
0.54 74l19N 1.20 
0.54 74120N 0.95 
0.69 74121N 0.34 
0.69 74122N 0.34 
0.69 74123N 0.40 
0.69 74125N 0.40 
0 .69 74126N 0.40 
0 .69 74128N 0.65 
0.75 74132N 0.50 
0.75 74136N 0.65 
0.69 74141N 0.45 
.0.69 74142N 1.85 

74143N 2.50 
74144N 2.50 
74145N 0.75 

0.10 74147N 1.50 
0.10 74148N 1.09 
0.10 74150N 0.79 
0.11 74151N 0.55 
0 .12 74153N 0.55 
0.12 74154N 0.55 
0.22 74155N 0.55 
0.22 74156N 0.5S 
0.15 741S7N 0.55 
0.15 741S9N 1.90 
0.12 74160N O.S5 
0.18 74161N 0.55 
0.19 74162N 0.55 
0.27 74163N 0.55 
0.51 74164N O.S5 
0.27 74165N 0.5S 
0.27 74166N 0.70 
0.13 74167N · 1.25 
0.28 74170N 1.25 
0.20 74173N 1.10 . 
0.22 74174N 0.75 
0.22 74175N 0.75 
0.22 74176N · 0.75 
0.22 74177N 0.75 
0.35 74178N 0.90 
0.13 74179N 1.35 
0.23 74180N 0.7S 
0.22 74181N 1.22 
0.22 74182N 0.70 
0.14 74184N 1.20 
0.54 74185N 1.20 
0.42 74188N 3.00 
0.62 74190N O.S5 
0.62 74191N 0.55 
0.62 74192N 0.55 
0.62 74193N 0.55 
0.62 74194N o.ss 
0.56 74195N 0.55 
0:14 74196N 0.55 
0.14 74197N 0.55 
0.14 74198N 0.85 
0.14 74199N 1.00 
0.14 74221N 1.00 
0.28 74246N 1.50 
0 .27 74247N 1.51 
0.28 74248N 1.89 
0.28 74249N 0.11 
0.35 74251N 1.05 

742 
742 
742 
742 
742 
742 
742 
742 
742 
742 
742 
743 
743 
743 
743 
74~ 
743 
744 

65N 
73N 
78N 
79N 
83N 
84N 
85N 
90N 
93N 
97N 
98N 
65N 
66N 
67N 
68N 
90N 
93N 
90N 

0.66 
2.67 
2.49 
0.89 
1.30 
3.50 
3.50 
1.00 
1.05 
2.36 
1.85 
0.85 
0.85 
0.85 
0.85 
1.85 
1.85 
1.85 

74L S N series 

74L SOON 0.11 
74L S01N 0.11 
74L S02N 0.12 
74L S03N 0.12 
74L S04N 0.14 
74L S05N 0.14 
74L S08N 0.14 
74L S09N 0.14 
74L S10N 0.13 
74L S11N 0.14 
74L S12N 0.15 
74L S13N 0.28 
74L S14N 0.49 
74L S1SN 0.14 
74L S20N 0.13 
74L S21N 0.15 
74L S22N 0.15 
74L S26N 0.18 
74L S27N 0.14 
74L S28N 0.35 
74L S30N 0.13 
74L S32N 0.14 
74L S33N 0.16 
74L S37N 0.17 
74L S38N 0.16 
74L S40N 0.13 
74L S42N . 0.40 
74L S47N 0.42 
74L S48N 0.65 
74L S49N 0.61 
74L S51N 0.14 
74L S54N 0.15 
74L S55N 0.15 
74L S63N 1.SO 
74L S73N 0.21 
74L S74N 0.18 
74L S75N 0.28 
74L S76N 0.22 
74L S78N 0.24 
74L S83N O.SO 
74L S85N 0.70 
74L S86N 0.18 
74L S90N 0.32 
74L S91N 1.25 
74L S92N 0.39 
74L S93N 0.38 
74L S95N 0.48 
74L S96N 1.20 
74L S107N 0.25 
74L S109N 0.25 
74L S112N 0.25 
74S L 113N 0.25 
74L S114N 0.25 
74L S122N 0.40 
74L S123N 0.55 
74L S124N 1.80 
74L S125N 0.29 
74L S126N 0.29 
74L S132N 0.45 
74L S133N 0.30 
74L S136N 0.25 
74L S138N 0.40 
74L S139N 0.40 
74L S145N 1.20 
74L S147N 2 .10 
74L S148N 1.60 
74L S151N 0.35 

74LS153N 0.35 74C04 0.20 
74LS154N 0 .99 74C08 0.20 
74LS15SN 0.50 74C10 0 .20 
74LS156N O.SO 74C14 0.55 
74LS157N 0.36 74C20 0 .20 
74LS158N 0.40 74C30 0.20 
74LS 160N 0.40 74C32 0 .20 
74LS161N 0.40 74C42 0 .80 
74LS162N 0.40 74C48 1.03 
74LS163N 0.40 74C73 0.50 
74LS164N 0.50 74C74 0 .50 
74LS165N 1.20 74C76 0.48 
74LS166N 1.7S 74C83 0 .98 
74LS168N 0.8S 74C85 0 .98 
74LS169N 0.85 74C86 0 .26 
74LS170N. 1.85 74C89 2 .68 
74LS173N 0.75 74C90 0 .80 
74LS174N 0.55 74C93 0 .80 
74LS175N 0.55 74C95 0 .94 
74LS181N 1.35 74C107 0 .48 
74LS183N 2.96 74C1S1 1.52 
74LS189N 1.28 74C154 2 .26 
74LS190N 0.60 74C157 1.52 
74LS191N 0.60 74C160 0 .80 
74LS192N 0.68 74C161 0.80 
74LS193N 0.68 74C162 0 .80 
74LS194N 0.42 74C163 0 .80 
74LS195N 0.42 74C164 0.80 
74LS196N 0.65 74C165 0 .84 
74LS197N . 0.65 74C173 0 .72 
74LS200N 3.45 74C174 0 .72 
74LS202N 3.45 74C175 0 .72 
74LS221N 0.60 74C192 0.80 
74LS240N 0.99 74C193 0 .80 
74LS241N 0.99 74C195 0.80 
74LS242N 1.65 74C200 4 .52 
74LS243N 1.6S 74C221 1.06 
74LS244N 0.83 74C901 0 .38 
7~LS24SN 1.50 74C902 0 .38 
7.fl.S247N 1.35 74C903 0 .38 
74LS248N 1.35 74C904 0.38 
74LS249N 1.3S 74C905 5.64 
74LS251N 0.46 74C906 0.38 
74LS253N 0.46 74C907 0.38 
74LS257N 0.55 74C908 0 .84 
74LS258N 0.39 74C909 1.S2 
74LS259N 0.39 74C910 3 .62 
74LS260N 0.70 74C914 0 .86 
74LS266N 0.24 74C918 • 0 .98 
74LS273N 0.90 74C925 . 4 .32 
74LS275N 3.20 74C926 4.32 
74LS279N 0.35 74C927 4.32 
74LS280N 2.05 
74LS283N 0.44 Processors 8080 74LS290N 0.58 
74LS293N 1.30 8080 series 
74LS295N 1.50 . 

8080AFC / 2 7.50 74LS298N · 1.50 
74LS36SN 0.3S 8212 2 .30 
74LS366N 0.35 8214 3 .50 
74LS367N 0.35 8216 1.95 
74LS368N 0.35 8224 3.50 
74LS373N 0.78 8251 6 .25 
74LS374N 0.78 8255 5.40 
74LS375N 1.15 
74LS377N 1.99 6800/6809 74LS378N 1.40 
74LS379N 2.15 6800P 3.75 
74LS384N 2.50 68AOO 4.25 
74LS385N 4.20 68800 4.75 
74LS386N 0.29 6802 5 .55 
74LS390N 0.68 6809 15.00 
74LS393N 0.61 6810 1.75 
74LS39SN 2.10 68A10 1.85 
74LS396N 1.99 68810 2.04 74LS398N 2.75 6820 1.95 74LS399N 2.30 6821 1.75 74LS445N 1.40 68A21 2.10 74LS447N 1.95 
74LS490N u o 68821 2.34 
74LS668N 1.05 6840 4 .2S 
74LS669N 1.05 68A40 4.55 
74LS670N 1.70 68840 4 .75 

6850 1.75 
74CXX series 68850 2.17 

6852 2.47 
74COO 0 .20 68A52 2 .75 
74C02 0.20 68852 2.95 

68488 5 .25 

ZBO series 
Z80A 4 .99 
Z80ADRT 7.50 
Z80APIO 4 .10 
Z80ASI0 / 1 14 .00 
Z80ASI0 / 2 14 .00 
Z80ASI0 / 9 14.00 
Z80CTC 4 .00 
Z80ACTC 4 .50 
Z8001 65.00 

PROM 
2708 2 .00 
2716 3.55 
2532 8 .50 
2732 8.50 

RAM 
2102 1.70 
2112 3.40 
2114 2 1.49 
4027 5.78 
4116 2 1.59 
4116 3 1.49 
4864P 12.50 
6116P-3 12 .50 
6116P-4 11 .25 
8264 12.50 

XTALS 
1MHz 3.00 
3.2768MHz 2.00 
4MHz 1.70 
4 .194MHz 1.70 
4.43MHz 1.25 
5MHNz 2.00 
6 .5536MHz 2.00 
7MHz 2.00 
8MHz 2.00 
9MHz 2.00 
10M Hz 2.00 
11MHz 2.00 

Voltage Regulato rs 

78XX 1 A T0-220 0.58 
78XX 1A T0-3 0.99 
79XX 1 A T0-220 0 .60 
79XX 1A T0-3 1.35 
78G 1A T0-220 1.10 
78G 1A T0-3 3.95 
78H 5A T0-3 5v 4.2S 
78H 5A T0-3 12v 5.4S 
78HG SA T0-3 7.45 
79HG SA T0-3 7.45 
LM317 .5A T0 -202 1.30 
LM337 .SA T0-202 1.75 
78540 1.5A 1.20 

Prices shown exclude VAT 
Postage 50p per order (' ::<1 
ACCESS/Barclaycard may 
be user! with writt en or 
telephone o rders - official 
MA details on appl ication. 

And a special pr ize fo r those 
of you who read our ads 
closely - a .free crystal w ith 
every CPU IC you buy -
just clip out the paragraph 
and attach it to you r order. 

1--•E&OE--• 

~AmBIT international 
TELEPHONE ISTD 0271) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 
200 Barth Serui[e Road, Brentwood, EsseN 

WW - 045 FOR FURTHER DETAIL§' 
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. ~ - A e l· ~ . • Tel: 01-7 W6 • • • I nil ------- 48 0926 

••• :-~ 4 ••• ~ rmpu~~:"dMandays).,' -- . . : 

For pers;al service visit one of our stores. 
Our new store at Hammersmith is conveniently situat.ed near the end 

of the M4 and the North and South Circular Roads. 
There is excellent street parking on meters a few steps away and 

Hammersmith Underground Station is nearby. Call in and see us soon. 

• • •• • • • inoor e 
:
1'e CATALOGUE e !. 
; • 320 big pages packed with • 
·! data and p1ctures of • 

over 5,500 items • ••••• 
Over 100,000 copies sold already! 

i: Don't miss out on your copy. 
On sale now in all branches 
WH Smith 4ft price £1. 
1 n case of difficulty check the coupon below. 

make it easy ••• .- --. • · . ~ ~~ • with mtte~.~ln 
• ~?,~"\\~ o,~?;\~e ~~~\'> • 

• ~?;i't'~~ ~w<:J ~..s.,~e~ • 
~ "~~- ." ~e 

• 
~--~~~- -~e\ • ot''"' c?>'o~ 
\0~ e e e • Easy to build, , e e superb specification. 

Comparable with organs selling for ·~ · 
up to £1,000. Full construction details ~ 

in Electronics & Music Maker commencing 
March, 1981 issue. Back numbers available . . 

~:~Same day service on in-stock lines 
~:~Very large percentage of our stock lines in stock 
~:~All prices include VAT 
~:~ Large range of all the most useful components 
~:~ First class reply paid envelope with every order 
~:; Quality components-no rejects-no re-marks 
~~ Competitive prices 
;:~ Your money is sate with a reputable company · 
On price, service, stock, quality ,and security it makes 
sense now more than ever to make tnnllli)Un your 
first choice for components every time! 

r-----------------· Post this coupon now. I I Please send me a copy of your 320 page catalogue. I enclose£ 125 1 I (incl. 25p p&p). If 1 am not completely satisfied I may return the I 
I catalogue to you and have my money refunded . If you l1ve outs1de the I U.K. send £1.68 or 121nternational Reply Coupons. 1 
1 Name I 
I Address I 
I I . I . . . (WWB/81 ) I 
~-----------------

ln\lAPILIIIil ELECTRONIC SUPPUES IJD. 
All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend {0702) 554155 Sales: {0702) 552911 · 

WW - 026 FOR FURTHER DETAILS 
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Sinclair 1181 
Co111puter. 

e 
e CJ 95 

e-com~lete 

Reach advanced 
computer comprehension 
in a fe~ absorbing hours 

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

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

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

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

It uses the same micro-processor, 
but incorporates a new, more powerful 
8KBASICROM -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. 

Built: 
£69.• 

Kit or bu••,...;;.;,..::-:·:·::.:-:·.:·:~,:-:::~ 

it's up to your 

WIRELESS WORLD AUGUST 1981 

lew, improved specification 
• Z80A micro.-processor- new faster 

n of the famous Z80 chip, widely 
nised as the best ever made. 

e Unique 'one-touch' 
key word entry: 
the ZX81 

eliminates a great 
· deal of tiresome 
typing. Key words 
(RUN, LIST, PRINT, 

etc.) have their own 
single-key entry. 

e Unique syntax
check and report codes 

identify programming 
errors immediately. 

• Full range of mathematical 
and scientific functions accurate 

to eight decimal places. 

e Graph-drawing and animated
display facilities. 

• Multi-dimensional string and 
umerical arrays. 

Up to 26 FOR/NEXT loops . . 

Randomise function- useful for games 
swell as serious applications. 

Cassette LOAD and SAVE with 
amed programs. 

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

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

, ___ ....,.. 1K-byte RAM expandable to 16K 

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

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

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

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

New . 
Sinclair 
teach-yourself 
BASIC 
manual 
Every ZX81 comes 
with a compre
hensive, specially
written manual-a 
complete course 
in BASIC program
ming, from first principles to complex 
programs. You need no prior knowledge 
-children from 12 upwards soon 
become famil iar with computer 
operation. 

with Sinclair RAM pack. 

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

Advanced 4-chip design: micro
cessor, ROM, RAM, plus master chip 
nique, custom-built chip replacing 
ZXBO chips. 

inE::Iair
XSI 

nclair Research Ltd, 
Kings Parade, Cambridge, Cambs., 
21SN. Tel: 0276 66104. 

.._ ____________ .... f'eg. no: 214 4630 00 

lfyouowna 
Sinclair 1180 ... 
The new 8K BASIC ROM used in the 
Sinclair ZX81 is available to ZXBO · 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

With the exception of animated 
graphics, all the advanced features of 
the ZX81 are now available on your 
ZX80-including the ability to drive the 
Sinclair ZX Printer. 

Coming soon· 
the II Printer. 
Designed exclusively for use with the . 
ZX81 (and ZX80 with 8K BASIC ROM), 
the printer offers full alphanumerics 
across 32 columns, and highly sophisti
cated graphics. Special features include 
COPY, which prints out exactly what is 
on the whole TV screen without the 
need for further instructions. The ZX 
Printer will be available in Summer1981, 
at around £50-watch this space! 

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

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

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

~-----------------------, 1 To: Sinclair Research ltd, FREEPOST 7, Cambridge, CR21YY. Order 1 
Qty Item Code Item price Total 

£ £ 

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

Ready-assembled Sinclair ZX81 Personal Computer(s). 
Price includes ZX81 BASIC manual and mains adaptor. 11 69.95 

Mains Adaptor(s) (600 mA at 9 V DC nominal unregulated). 10 8.95 

16K-BYTE RAM pack(s) . 18 49.95 

8K BASIC ROM to fit ZX80. 17 19.95 

Post and Packing. 2.95 

Please tick if you require a VAT receipt 0 TOTAL £ ___ _ 

*I enclose a cheque/postal order payable to Sinclair Research Ltd, for£ _____ _ 
*Please charge to my Access/Barclaycard/Trustcard account no. 

I I 
*Please delete/complete as appl icable. Please print. 

Name: Mr/Mrs/Miss I I 

Address I ·1 

I I I I I I I I I I I I I I I I I I I I .1 

WW - 025 FOR FURT HER DETAILS 
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A much improved computer housing ., ,. . West Hyde Developments Limited have brought about a much improved computer · 51 ua I On... housing situation with the introduction of this superb new_series of computer termi~al 

\/\/EST HYDE 

housings, beautifully styled to meet the reqwrements of data process1ng 
equipment manufacturers. Injection moulded in structural foam plastic with 

interchangeable front mouldings, these 
housings make up a comprehensive range to 

suit individual requirements. Standard 
features include anodised aluminium 

panels for floppy disc mounting and 
12" screen apertures, with plain front 

Keyboard Housings 
Keyboard housings are 

mouldings on some models, 
although several custom 
options are available on 

request. These are shown in 
the illustration (left) which also 
indicates construction details. 

MANUFACTURED BY 

lbof:il 

West Hyde Developments Limited, Unit 9, available to suit both widths of terminal 
Park Street Industrial Estate, Aylesbury, Bucks. HP20 1 ET housing, together with a range of slim line 
Telephone: Aylesbury (02~6) 20441/5. Telex: 83570 W HYDE G keyboard cases moulded in ASS. 

WW - 052 FOR FURTHER DETAILS 

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

Quartz · 
Devices 

For further information contact the sole agents Limited 

I!JJ!JJ 
29 ~farketStreet 

Crewkerne 
· • Somerset TA 18 7JC 

. . Crcwkerne (o-t6o) 7H33 
Telex 46283 intace g 

WW- OOSFORFURTHERDETAILS 

Audio power meter 

Wide range: 
*30Hz to 30kHz 

* 1•2 to 10000 

* 10.J1W to SOW 
* mains/battery 

*decibel scale -18dBm to+ 47dBm 

Farnell 
FARNELL INSTRUMENTS UMITED 
SAND BECK WAY· WETHERBY 
WEST YORKSHIRE LS22 4DH 
TELEPHONE (0937) 81981 

WW -010 FOR FURTHER DETAILS 
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- ~----~ ~ ~ -- .......-.. 
--~--..-.-. -- ..-...... ~ ...... _. .. ~ ....... ~-~-..···~ .. . A ran;;:i Scopes in sto;;t..om '"i'm.HZSingle fuce t:-so;Hzoua!;;c~ ALL PRICES INC ___ ,._ 

Mains and B_attery/Mains ~ortables. Many on demonstration . " lUoE VAT 
SINGLE TRACE (uKc/petc£2.5o) DUAL TRACE (uKc/p etc£3.50) 
3030 15m HZ 5LV 6.6x6.6cm. display plus component test CS1566A 10m HZ, 10mV 5" display £267.00 

£166.75 CS1575 5mHZ 1 mV 5" multi display £284.00 
303510mHZ 5LV 5" display plus componenttest £189.75 Hm 312-8 20m HZ. 5mV Sx 10cm display £253.00 
Hm 307-3 10mHZ. 5mV, 6x7 em display plus componenttest CS1560A ll15mHZ 10MV 5" display £315.00 

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

£158.95 · 3034 15m HZ 5mV 6.6x6.6cm display battery/mains with Nicads and 
(Optional case £8.86. Nicads £8.63 Mains unit £5.69) charger £385.25 
CS1559A 10m HZ 10mV. 5" display £232.00 - HM412-5 20m HZ, 5mV, 8x10cm display plus Sweep Delay £402.50 

SAFGAN DUAL TRACE .. CS1577A 35m HZ, 2mV, 5" display £478.00 
C/P UK £2.50 CS1830 30m HZ, 2mV, 5" display plus sweep delay and delay line- new lOmHZ£194.95, 12mHZ£201.25, 15mHZ£216.20 model £569.00 

OPTIONAL PROBES (ALL MODELS) Hm 512-8 50mHZ, 5mV, 10x8cm display. Delay Sweep £667.00 
.-:~'.' ~~~(.)jij. X1 £8.50,X10£10.51)" X1()0~J_4.95,X1-X10£12.95 *LB051410mH2, tmV, (5mV) 5" dis_play, with probes £322.00 
- HAMEG e TRIO e SINCLAIR e LEADER e CROTECH 

SG402100 KHZ-30mHZ with AM "PRO" MULTI METERS 
modulation £68.00 (UK c/p £1.20) 
LSG16100KHZ (300mHZ on M1200 lOOK/Volt 30 range plus AC/DC 15, 

.GENERATORS 
(UK c/p £1.75) 
A rang• of Signal Generators to cover Audio. 
RF and Pulsing. Mains operated. 

Harmonics) . £63.25 amp £67.00 
LSG2311 OOm HZ 1 mHZ (adjustable) K1400 20K/Volt 23 range large scale £79.95 

~ 
1-1 

• ~ 

FM stereo generator, pilot and mod MlSOO 20K/Volt 42 range plus AC/DC 'l5;~g covering up to 

PULSE- £195 00 K200 38 range FET 10m OHM input 20Hz to 150mHZ and up to 1K/watt 
· ' 1 MHz multi meter £95.00 power PL259 sockets. Also 25 
2001 1HZ-1OOKHZ (function) £89.70 mHZ Grid Dipmeter. 
TG105 5HZ-5mHZ £92.50 t---------------41 SWR5 SWR/FS 3-150mHZ £9.50 4001 0.5HZ-5mHZ £109.25· SWR50 SWR/Power meter. 3V2-
200P o.oo 2Hz 5.5mHz £253.oo LOGIC PROBES/MONITORS ngm~~~-)~g~:ra~s1i2-1~~~~ 
200SPC as 200P plus built-in freq. Logic probes indicating high/low, etc., states 0/10/100 watts £11.50 
display/100mHZ counter £437 that scopes can miss. All circuit powered for 111 As 110 Twin meter plus 
TG100 (function 100KHZ) £90.85 aiiiCs. . E/S . £14.5.0_ 
TG102 0.2HZ-2mHZ (function) £166. 7!) LP3 50mHzlogic probe £55.95 Plus large range of BNC/Pl259/ 

· - LP110mHzlogicprobe £35.50 etc leads plus adaptors/ AUDIO (All sine/square) LP2 1 V2mHzlogic probe · £19.951 connectors always in stock. 
AG202A 20HZ-200KHZ £69.00 LMl Logic monitor £33.00 . 176 SWR/Power/FS 1112- · 

LDP076 50 MHz logic probe with case £51.00 144mHZ 5-50 watt Plus 25 LAG26 20HZ-200KHZ £73.60 . Also in stock range of Protoboard kits and 40mHZ match · £16.60 
AG203 1OHZ-1 mHZ sine/sq £126.50 lireadboards. KDM6 Gnd Dip 1 V:1-250mHZ 
LAG120A 10HZ-1mHZ £146.00 £38.50 

range and Hand DMMs battery operated with 
optioRal Mains Adaptors. some with optional Nicads. All supplied with 

betterinendleads. BENC.tf p ·QRfAB_LESJuKc/p £1 
HAND HELD (UK post etc 85p) DM235 3% Digit LED21 ranges, 0.5% 

AC/DC 2A £60.38 GL35C 3V2 Digit LCD in AC/DC with DM350 3% Digit LED 34 r~nges AC/DC 
case £37.50 1 OA £83.38 
TM352 3% Digit LCD plus 10A DC and TM353 3y2 Digit LCD AC/DC 2 amp 
Hfe checker £54.95 £96.60 
LM2001 3% Digit LCD 2 amp AC/DC TM3513V2 Digit LCD AC/DC 10 amp 

·MULTIM 

~ m 
0.1% £51.70 £113.85 

~~!a\):ll 6200 3V2 Digit LCD 0.2A AC/DC, Auto LM100 3% Digit LCD AC/DC 2 amp 
- ·· range £45.95 ; 6220 As 6200 plus 1 OA AC/DC £55.95 £86.50 
~ ~~?g As 6200 plus Cont. test~::§~ ~~a~~ 4% Digit LED 34 rangesf~i~~~ 

(OM Serl·es opt'1ons Carry case £8 86 KRT1011K/Volt 10 rang-e pocket £4.60 _ . 6110As6100 plus 10AAC/DC £85.95 · · r::=,...,.---,'""'""="''""'-=::--::,....,.-~ TM V: o· Ni-cads£8.63Mainsadaptor£5.69) ATM1/LT11K/Volt12rangepocket £5.98 
(~ !: ijoai iiiii!~;)j IJllil O';';nquuut~'J 1303i~ ~i~it C~blf~A~~g/1,C £~~~:;~ 1503 43

/4 Digit LCD 28 range AC/DC 10 ~~15iK~~~~j~ 1r~:~g;cfc~~~~~ luxe ~~:~g 
t-~--------~~~-------------·am~~in~crl~ud~e:s~m~a~in~s~~~r~£·1·~~··9•51. mK~~~nrn~+l~OC+oo~ ~~ 

FREQUEN:cy 
COUNTERS 

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

HAND HELD (UK post etc 85p) 
PFM200 20HZ to 200m HZ 8 Digit LED £57.27 
MAXSO 1OOHZ to 50mHZ 6 Digit LED £56.35 
MAX550 30KHZ to 550mHZ 6 Digit LED 

£97.00 

BENCH PORTABLES !UKctp£1l 
MAX100 8 Digit LED 5HZ to 1 OOmHZ £89.00 
TF200 8 Digit LCD 10HZ to 200m HZ £166.75 

· 7010A 9 Digit LED 10HZ to 600mHZ £184.00 
TP600 600mHZ Pre-Scaler £43.13 
200SPC 6 Digit 100mHZ LED built into 
0.002HZ to 5.5mHZ Pulse Generator £437.00 
TF040 8 Digit LCD 40mHZ £126.50 

CSC e SINCLAIR e OPTOELECTRONICS e NEWTRONICS. . - -·- -·- - -

INSULATION TESTERS 

~~i 
1<2303. 30 AMPS.' SOD VAC £21.95 
3101. 300 AMPS. 600 VAC. 1K 
OHM £32.95 
1<2803. 300 AMPS. 600 VAC. 2K 
OHM £53.95 
'1<2903. 900 AMPS. 750 VAC. 2K 
OHM £77.95 
K3103. Transistorised insulation/ 
VA~~~%rv2~ester. too Me~95~gg 
M500 Insulation tester. 100 1\f.EG. 
500 VOLT. 0/200 OHMS continuity 

£67.50 
Also digital and DC types in stock 

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

_ eAII ricescorrectat1-7-81E&dEeAII ·cesindudeVAT 

WW - 029 FOR FURTHER DETAILS 

YN360TR 20K/Volt 19 range pocket plus hfe test 
£13.50 

AT1020 20K/Volt 19 range de luxe plus hfe test 
£16.95 

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

24
_
95 

7080 20K/Volt Z6 range large scale, lOA DC plus 
5KV AC/DC . £26.95 
AT2050 50K/Volt 18 range de luxe plus hfe test 

-· £28.50 
AT210 lOOK/Volt 23 range de luxe 12AAC/DC 

£29.95 
360TR tOOK/Volt 23 range plus hfe checker and 
AC/DC 10 amps £34.95 
KAT 500 1 50K/V range doubJer 10ADC £16.50 
ETC 500 0 As above with coloured scales £17.95 
CHOOSE FROM UK'S LARGEST SELECTION 

TV GENERATORS (uKctp£1.50) 
LCG-393V PAL 8VHF 6 patts £143.75 
LCG-392U PAL 8 UHF 15 watts £228.85 
LHM SOA 40KV HT meter (c/p 90p) £18.40 

Send.large' SAE 
(20p UK) 

Schools, Companies 
etc. free on re9uest. '. 

www.americanradiohistory.com
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The EP4000 is not just an EPROM Programmer • • • 
Not only does the 
EP4000 copy, store, 
program and duplicate 
the 2704/2708/2716(3) 
/2508/2758/2716/2516/2532 
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 ti.Ine EPROM Emulation is the second 
major function of the EP4000. This facility 
allows the machine to directly replace your in
circuit EPROMs duringthe 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. 
Finally, a full range of accessories in now 
available - these include Bipolar programming 

modules, niulti-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 
DATAPOST 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 - 031 FOR FURTHER DETAILS 

ACOUSTIC & VIBRATION 
BRUEL & KJAER 
2203 Sound Level Meter 450 
2215 Soundmeter inc Octave Filter 1095 
2218 Soundmeter inc LEQ facility 1525 
2305 Level Recorder 650 
4230 Sound Level Calibrator 95 
4424 Noise Dosemeter 375 

CASTLE ASSOCIATES 
CS181A Sound Level Meter & Calibrator 325 

CEL 
112 Environmental LEQ Meter Batt op 450 
1441mproved version of 112 model 1050 

BRIDGES & V and I STANDARDS 
FLUKE 
341 DC Voltage Calib 101-1Vto 1100V 1575 

GENERAL RESISTANCE 
DAS56 DC Vand I Calib 1~AV-10V30mA 600 

HEWLETT PACKARD 
4342 QLC Meter 22 KHz-70 MHz 1100 

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

WAYNE KERR 
8224 LCR Bridge 0.1% 500 
B500 LCR Bridge 240 
B601 LCR Bridge RF Osc & Det not inc 125 

COMMS & CABLE TEST 
EQUIPMENT 

CHASE 
35A Field Strength Meter 20-850 MHz 600 

DYMAR 
88015 VHF Radio Telephone - Portable 295 
883 VHF Radio Telephone - Portable 285 
B C282 Batt Charger for B80 /883 95 

HEWLETT PACKARD 
3556A psophometer 20Hz -20KHz 250 

MARCONI 
TF2333Trans Test Set 30Hz-550KHz 600 
PYE 
BC1 1 A 10 way Batt chgr for PF2U B 150 
PF2UB UHF Radio Telephone - Portable 125 

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

TEKTRONIX 
1502 TOR Cable Tester CRT + Recorder 2950 

WANDEL & GOLTERMANN 
LD52 200Hz-600KHz sender for gp Delay 2000 
LDEF2 Filters for DLM1 250 

COUNTERS & TIMERS 
FLUKE 
1910125 MHz 7 Digit Counter 
1911 250 MHz 7 Digit Counter 
1912 520 MHz 7 Digit Counter 
1912A01 As 1912A but inc . re-charging 
batteries 
1920A 520 MHz 9 Digit Counter inc. Brst. 
mode 
1920A 14 1250 MHz otherwise as 1920A 

HEWLETT PACKARD 
5300A 6 Digit Display Unit- P /in reqd. 
5302A 50 M Hz Counter Timer for 5300 
5305B 1300 MHz Counter for 5300 
5308A 75 M Hz Counter Timer for 5300B 
5345 500 MHz 1 1 digit Counter Timer 
10590A Adapter 5245 to 5345 Plug ins 

RACAL 
9024600 MHz 7Y2 digit Counter 
9025 1 GHz 8 digit Counter 

SYSTRON DONNER 

245 
I 298 

375 

430 

575 
750 

99 
80 

325 
11.2 

1350 
225 

250 
500 

6053 3 GHz 9 digit Counter BCD 0/P 790 
605418 GHz 11 digit Counter BCD 0/P I 1950 
51038 Strip Printerfor6053/6054 375 

DIGITAL TESTING EQUIPMENT 
HEWLETif PACKARD 
16()()A Logic Analyser 16ch 20 MHz 2300 
1607Logic Analyser 16ch 20 MHz 1500 
5011T Logic. troubleshooting kit 125 
TEKTRONIX 
7D01F Logic Analyser 16ch 50 MHz P/in 2650 
832 Datacomm Test V24/ RS232/ I loop 1150 

MAINS TEST EQUIPMENT 
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 
RM215AC/DC Breakdown/Leakage Tester 475 

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

DATALAB 
DL.905 Digital Transient Recorder 1150 

HEWLETT PACKARD 
X382A Rotary Vane Attenuat9rWG16 175 
TEKTRONIX 
575 Semiconductor Curve Tracer 425 
1485C TV Waveform Monitor PALINTSC 2300 

NETWORK ANALYSERS/ 
PHASE METERS 

DRANETZ 
305B/3001 Phasemeter 2Hz-700KHz 990 

GENERAL RADIO 
1710/11 / 12/14 0.4-500 MHz 1 15dB range 2200 

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

OSCILLOSCOPES & 
ACCESSORIES 

BRADLEY 
158 900 MHz Sampling Adaptor converts 
most scopes into UHF samplers 275 

GOULD ADVANCE 
OS1000A 20 MHz SmV 2 Trace ni trig 200 
053300B 50 M Hz 1 mV 2 Trace 2T base 675 

HEWLETT PACKARD 
1740A 100M Hz 5mV2 Trace2T base 
Trig View 1300 
1804A 50 MHz 20mV 4 Trace Plug-in 625 
1825A Dual Timebase Plug-in 500 
1805A 100 MHz 5mV 2 Trace Plug-in 625 

PHILIPS 
PM321 1 15 MHz 2mV 2 Trace TV trig 390 
PM3212 25MHz2mV 2 Trace TV trig 550 
IPM3214 25 MHz 2mV 2 Trace 2T base 640 
PM3233 10 MHz 2mV 2 Beam Ch sig delay 425 
PM3244 50 MHz SmV 4 Trace 2T base 1675 
PM3262 100 MHz 5mV 2 Trace 2T base 
TrView 1300 

TEKTRONIX 
326 10 MHz 1mV 2Traceweight 131b c/w 
re-chg batts . For harsh environment 540 
453 50 MHz 5mV 2 Trace ZT Base 500 
465100 MHz.5mV 2 Trace2T Base 950 
465B 100MHz5mV 2 Trace2TB inc Probes 1600 
475 200 MHz 2mV 2 Trace 2T base 1750 
485 350M Hz 5mV 2 Trace 2T base 2300 
661/4S3/5T1A 1 GHz Sampling scope 775 
7603 100 MHz CRT r/out 3 slot M/ Frame 1350 
7704 200 MHz CRT r/out 4 slot M/Frame 1450 
7A12105MHz5mV2Trace Plug-in 390 
7A18N 75 MHz 5mV 2 Trace Plug-in 420 
7A19 500MHz 10mV 1 Trace Plug-in 950 
7A22 1 MHz 101-1V Differential Plug-in 630 
7A24 350 mV 2 Trace Plug-in 1050 
7 A26 200M Hz SmV 2 Trace Plug-in 690 
7B53A 2 Timebase Plug-in 100M Hz Trig 550 
7B80 1 Timebase Plug-in 400 MHz Trig 600 
7B85 2 Timebase Plug-in 400 MHz Trig 700 
7904 500 MHz CRT r/out 4 slot M/Frame 3900 
P6013A X1000 12KV Probe 95 
P6201 FET Probe DC-900 MHz 300 

TELEOUIPMENT 
D3415 MHz 2mV 2 Trace Mains + int batts 540 
D63/V1/V115MHz2Trace 1mV GOO 
D65 15 M Hz 1 mV 2 Trace TV trig sig delay 295 
D75/V4/ S2A 50 M Hz 1 mV 2 Trace 2T base 825 

D83!V4/ S2A 50 MHz lmV 2 Trace 2T 
Big CRT 900 
D101010MHz5mV2TraceTVtrig 235 
01015 15 MHz SmV 2 Trace TV trig 295 
D1016"15MHz1mV2TraceTVtrig 340 
S 1 A SingleT /base Plug-in 50 M Hz trig 135 
S2A Dual T /base Plug-in 50 M Hz trig 230 
V115 MHz 1mV Single trace Plug-in 76 
V4 50 MHz 1 mV Dual trace Plug-in 180 

TEXSCAN 
DU120 Large crt display unit 220 
Note: we hold a range of cameras P.O.A. 

OSCILLOSCOPES (STORAGE) 
HEWLETT PACKARD 
1703A 35 MHz 10mV 2 Tr 2TB 1000 Div /ms 1400 
TEKTRONIX 
466100 MHz 5mV2 Tr 2TB 1350cmll's · 2950 
603 Bistable Storage Monitor XYZ amps 750 
7834 400 MHz 4 Slot M/ Frame 2500 emil's 5250 
T91210 MHz2mV 2Tr 1TB 250cm/ms 650 
7313 25 MHz 3 Slot M/Frame split 5cmii'S 2100 

CONTACT US FOR A CASH QUOTE ON YOUR 
UNDER-UTILISED TEST EQUIPMENT 

POWER MEASUREMENT 
FLUKE 
8921 A 10 Hz-20 MHz 4! Digit & Analogue 
TRMS dBm/V meter 50n-1200fl & 10Ml1 885 

HEWLETT PACKARD 
8481 A Type N Coax sensor for 435A 200 
47BA Type N Coax sensor for 432A 90 

MARCONI 
TF2512 DC -500 MHz P~wermeter 145 
TF893A 10Hz-20KHz Powermeter 135 
POWER SUPPLIES etc 

ADVANCE 
1 V5S Inverter 24V DC to 240V A C 500W 300 

FARNELL 
L30B 0-30V variable 1 A Metered 65 

FLUKE 
415B 0-3.1 KV variable 30mA Metered 550 

ITI 
Powerlab Duai15Vvariable 1A 80 

MARCONI 
TF2154/ 1 0-30VvariableMetered 75 

VALRADIO 
B12/200S Inverter 12V DC to 
230VAC200W 110 
PULSE GENERATORS 

ADVANCE 
PG5710 Hz-50 MHz 10V son Vari RT 6ns 190 
EHRESEARCH . 
132 10 Hz-3.5 MHz 50V son RT 10ns2 pulse 120 

MARCONI 
TF2025 0.2 Hz-25 MHz 10V 500 RT 7ns 2 
~~ 350 

RECORDERS & ACCESSORIES 
BRUNO WOELKE 
ME102B Wow and Flutter meter 75 

BRYANS SOUTHERN 
BS314 Chart 10" 4 Pen 16 speed 1950 
8S316 Chart 10" 6 Pen 16speed 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 

PHILIPS 
PM8251 Chart 10" 1 pen 12 speed 375 

SE LABS 
994 6 ch galva preamp + DC bridge supply 450 
6008UVchart8"25ch 16speed 950 

SMITHS 
RE541 Chart 8" 1 pen 8 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 ;425 
TF2331 Distortion Meter BW100 KHz + Det. 340 
Note: see also "Spectrum Analysers" 

SIGNAL/FUNCTION/ + SWEEP 
GENERATORS 

ADVANCE 
SG63D Generator4-230MHzAM/FM 200 

GENERAL RADIO 
1362 Generator 2.20 -920 MHz 375 

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

HEWLETT PACKARD 
8640B Generator 500 KHz-512 MHz 
AMIFM Phase Lock 3800 
8690B Sweeper mainframe 650 
8620B Sweeper mainframe 990 
61BB Geneiator3 .8-7.5GHz 975 
612 Generator 450-1230 MHz 750 
614 Generator 0.8-2.1 GHz 825 

MARCONI 
TF144H/4S Generator 10 KHz-72 MHz AM 550 
TF801 D Generator 10 MHz-470 MHz AM 180 
TF2171 Synchroniser forTF2015 525 
TF2012Generator400-520MHz FM 550 

PHILIPS 
PM5127 Function 0.1 Hz-1 MHz Sin 
Sq Tri Rmp 450 . 
PM5129 Func lmHz-1 MHz Usual 

• + swp/ brst 645 

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

TEXSCAN 
9900 Sweeper 10-300 MHz 6/in CRT disp 525 
VS60Sweeper5-1000MHz 890 
TV Markers31.532.535 39.5 41.5 MHz 175 
LN40A Log Amplifier 95 

SPECTRUM ANALYSERS · 
HEWLETT PACKARD 
141T /8552B/8555A Complete .01-18 GHz 8500 
3580A 5Hz-50 KHz with digi store disp 2950 
8445A Pre-selector0.01 -18GHz 1450 
85588 0.1- 1500 MHz Plug-in for 180 series 3750 

VOLT/MULTI-METER 
(ANALOGUE) 

AVO 
8Mk4AC/ DC/- VI+fl 70 

BOONTON 
92CAC/RF10KHz-1.2GHZ'hmV-3V 350 

HEWLETT PACKARD 
427A AC/DC/fl AC-1 MHz 195 
3400A TRMS 10 Hz-10 MHz 1mV-300V 
DC 0/P 390 

MARCONI 
TF260350 KHz-1.5GHz3001'V -3V 300 
TF2604 20Hz-1.5 GHz 300mV-300V 425 

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

RACAL 
9301 RMS 10KHz-1.5 GHz 100~JV-300V 550 
VOLT/MULTI-METER (DIGIT AU 
ADVANCE 
DMM7A 1999FSD AC/DCjV/1/!2 115 

BOONTON 
92AD 1999FSD 10 KHz-1.2GHz 101-1Vres 525 

FLUKE 
8010A 2000 FSD TRMS AC / DC/VIn . 14& 
8010A01 AsS010A + re-charging batteries 159 
8020A 2000 FSD Handheld 
AC/ DC/VIn + cond. 99 
8022A 2000 FSD Handheld AC/ DC/VIQ 75 

HEWLETT PACKARD 
3490A 100000FSD AC/ DC IV /fl 625 

SOLARTRON 
A200 19999fSD DC only l~JV-1 KV 85 
A203 19999FSD AC/DC/V/fl 175 
A20519999FSDTRMS AC / DC/V/11 195 

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

Full details and specification of equipment list~d, available. Because of long copy dates this list is not comprehensive - ring for ln~entory 
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. · ,__ __ 

www.americanradiohistory.com
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SINE WAVE INVERTERS 

- FROM CARACAL 200-1000VA 

We are one of the leading UK suppliers of high qual ity, high efficiency static 
inverters. Our inverters are widely used throughout the UK and many other 
countries wherever a cont inuous and stable source of AC power is needed. They 
are also frequently used for mobile or marine applications where only a DC 
source is available. 

Caracal inverters employ modern waveform synthesis technology which is ra
pidly replacing obsolescent tuned -type (ferroresonant) inverters, by providing 
higher efficiency on ALL loads, very low standby current and lower weight. This 
together with an outstanding and proven rel iabil ity record make Caracal the 
natura l choice for inverters for any application. · 

We have a comprehensive range of models and options, at fully competitive 
prices, to satisfy most customer requirements. 

Full details from :-

CARACAL POWER PRODUCTS LTD., 
42-44 SHORTMEAD STREET, 
BIGGLESWADE, BEDS. 
TEL: 0767-81361 The natural choice for inverters 

"Enquiries invited for export · 
distribution" 

FLOPPY DISK DRIVES 
NOW EVEN LOWER PRICES 
UNBELIEVABLE BUT TRUE! 

READ ON! 

SIEMENS FDD - 1 00-8/FDD - 200-8 
Fully Shugart Compatible Siemens 8" single and double sided disk drives are 
ava ilable now with un~eatable prices at sing le unit pricing. 

Note these specifications : 

*TRACK 00 SENSING 
* ACTIVITY INDICATION 
* MECHAN ICAL END STOPS A T 

TRACKS 00 AND 76 
* AUTO WR I TE CURR E N T 

SWITCHING AT TRACK 43 

FDD 100-8 
Single Sided Single or 

250 K 
FDD 200-8 Single or 
Double Sided 500 K 

OTHER PRODUCTS 
CP/M2.2 
BASIC SO 
BASIC COMPILER 
WORD STAR 
MAIL MERGE 
SUPERSORT 

* WRITE PRORECT CIRCUITRY 
* AUTO DISK EJECTION 
* FAIL SAFE INTERLOCK WHICH 

PREVENTS THE COVER FROM 
CLOSING ON A PARTLY INSERTED 
DISKETIE 

FROM Double Density 
£249.95 500 K 

Double Density FROM 
1 MByte £349.95 

.C.W.O. 30DAVS 
71.50 75.00 

156.75 165.00 
. 175.75 185.00 
218.50 230.00 

66.50 70.00 
94.05 99.00 

Full range of SD SYSTEMS S-100 CARDS & KITS ALSO AVAILABLE 

Send S.A.E. fo r furthe r details 

IRVINE BUSINESS SYSTEMS 
P.O. BOX 5 
IRVINE, AYRSHIRE 

TEL: (0294) 75000 
TELEX: 777582 

WIRELESS WORLD AUGUST 1981 

M293VHF/AM 
Mobile 
·Now, the AM version of 
Pye Telecom's · 
successful 290 series 
of mobiles. Totally 
flexible yet compact, 
the M293 is available 
as a single channel or 
up to six channel radio, 
and offers an extensive 
range of signalling 
options. 

21 

L700 Radio 
Link System 
This exciting and 
versatile new range of 
link series, introduced 
by Telecom, includes 
the Slimline Equipment 
Practice (as illustrated) 
and is also avai I able in 
transportable or wall 
mounting versions. Up 
to 132 FDM channels or 
30 PCM channels. 

SSB. 200 
Series 

An H. F. Single Side 
Band transceiver unit. 

Mobile or fixed 
configurations are 

avai I able. Extensive 
field trials included a 

most rigorous Land 
Rover journey across 

Europe and North 
Africa. During this 

three month expedit ion 
direct radio contact 

was maintained with 
Cambridge H.Q. 

If anyone works for you, we do~ 
Here are three new equipments to keep you in touch with the action 

wherever ifs happening. For more than thirty years Pye Telecommunications 
have played the leading role in radio communications. · 

Our total capability covers mobile, paging, portable and fixed 
radiotelephone systems and point to ~ 
point links throughout the world. .iii ~ Pye Telecom 

~ ~ ~...' A MOBILE RADIO COMPANY OF PHILIPS 

Pye Telecommun ications Ltd St. Andrews Road , Cambridge, 
Eng land, CB4 1 DW Telephone: (0223) 61222 Telex : 81166 (PYETEL G) 

WW-018 FOR FURTHER DETAILS 
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CXBO COLOUR 
MATRIX PRINTER 
At last a low-cost Colour Matrix Printer for 
Text, Graphics, Histograms, Colour VDU 
Dumps, etc. 

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

WIRELESS WORLD AUGUST 1981 

- ---

Compatible with most microprocessors, prints in 7 colours - sophisticated internal 
programme makes the cxao easy to use. 
Dot Addressable + 15 user programmable characte-rs, 96 ASCII and 64 graphics 
craracters in rom. Centronics interface with RS232 and IEEE488 options. 

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

NRDC-AMBISONIC 
UHJ 

SURROUND SOUND 
DECODER 

The firwtever_kit specially produced by Integ rex for this British NRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team. W .W . July, Aug. , · 7 7. 
The un1t IS des1gned to decode not only UHJ but virtually all other 'quadraphonic' systems (Not C04), 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 '"i"dls are provided in this most versatile unit 
Complete w1th mains power supply, wooden cabinet, panel, knobs, etc. -

Complete kit, including licence fee £:57.70 +VAT or ready built and tested £78.95 + VAT 

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

The original "Wireless World" published Intruder 1 has been re-designed by lrltegrex to incorporate several new features. along with improved 
performance. The kit is even easier to build .- The internal audible alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains 
or. 12V battery operated . Disguised as a hard-backed book . Detection ran~e 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 Kit PRICE: £49.95 +VAT (3 head model available) 

. Typical perfonnance 
Noise reduction better than 9dB weighted 
Cl ipping 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, rising to a maximum of 0.12% · 

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

Dynamic range > 90dB 

30mV sensitivity 

Also available ready built and tested ................................... ............. ....................... .... ...... Price £67.60 + .VAT 

1!1
~· . ' ·Calibration tapes are available for open-reel use and for cassette (specify which) ........ Price £2.75 + VAT 

All kits are carriage free 

- IDTEGREH ,LimiTED 

I 
~ 

Please send SAE for complete lists and spectfications 

Portwood ·Industrial Estate, Church Gresley, 
;Burton-on-Trentt Staffs DE11 9PT 
Burton-on-Trent (0283) 215432 Telex 377106 

WIRELESS WORLD AUGUST 1981 

Top quality keenly priced West 
European-made DMM 's. Illustrated 
is the Hand-held 700D which 
together with 702D offers 
exceptional ruggedness 
combined with ease of handling 
and high operational safety. Model 
GOOD is a truly pocket-sized DMM 
with large 3 V2 dig it LCD display and 
0.2% basic accuracy. 

A range of high quality 'scopes 
offering comprehensive 
specifications at very 
competitive prices and covering 
the frequency range 15MHz to 
100MHz. The range includes 
Single and Double Beam and 
Quad-Tr;:lce types -aU with a 2 
year guarantee! 
Illustrat-ed is V550'B, a 50MHz 
'scope with Variable Delayed 
Sweep, Trac~Expansion to 
x1000, Jitte · 1 in 20,000, TV 
Trigger Ci · , 3rd Trace 
Trigger · 

Multiplex Nickel-Cadmium 
Cells are made to high 
quality standards by a 
leading Japanese 
manufacturer. A wide range 
of standard cells is 
supplemented by a custom
built battery-pack facility. 
Also available is an 
extensive range of chargers 
and charger modules 
manufactured by Friemann 

& Wolf of West Germany to major European safety standards. 

Write today for full details of these and other 
products available for im.mediate delivery from stock 
-backed by our impeccable standards of service and 
all with competitive price structures. 

Conquering your supply problems 

DAN~~~~~~~d ~!~~~!~~~~tr~~tAITED 
f\!JI . 22 Parkway. Welwyn Ga rden C1ty. Herts. ALB 6HG · 

Equ1pment and Accessor1es ~ 

~ Phone 0!073129112 Telex 825633 OTSS·B 

WW- 048FORFUJ{THERDETAILS 
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MICROCOMPUTER COMPONENTS 
, _ _ _ -· LOYJEST PRICES - FASTEST DELIVERY _ 

'DEVICE PRICE !DEVICE 

74LS14 
6502 5.50 74LS15 
6800 3.82 74LS20 
6802 5.74 74LS21 
6803 14.53 74LS22 
6809 12.00 74LS26 
8085A 8.02 74LS27 
Z80CPU 4.00 74LS28 
Z80ACPU 5.92 74LS30 

74LS32 
SUPPORT CHIPS 74LS33 
6520 3.15 74LS37 
6522 5.80 74LS38 
6532 7.75 74LS40 
6821 . 1.93 74LS42 
6840 . 5.87 74LS47 
68488P 9.38 74LS48 
6850 1.95 74LS49 
6862 7.09 74LS51 
6871A1T 20.90 74LS54 
6875P 4.16 74LS55 
6880 1.07 74LS73 
6887 0.80 74LS74 
8212 1.95 74LS75 
8216 1.95 74LS76 
8224 2.50 74LS78 
8228 4.20 74LS83 
8251 4.75 74LS85 
8253 9.90 74LS86 
8255 4.20 74LS90 
Z80CTC 4.00 74LS91 
Z80ACTC 4.90 74LS92 
Z80DMA 11.52 74LS93 
Z80ADMA 17.25 74LS95 
Z80DART 7.20 74LS109 
Z80ADART 7.67 74LS112 
Z80 P10 4.00 74LS113 
Z80AP10 4.40 74LS114 
Z80S10-0 I 74LS122 
Z80 S10-1 17.90 74LS123 
Z80S10-2 74LS124 
Z80AS10-0} 74LS125 
Z80AS10-1 22.90 74LS126 
Z80AS10-2 74LS132 

MEMORIES 74LS136 
74LS138 2101 3.68 
74LS139 2102 2.54 
74LS145 2114 200ns low power 
74LS148 1.35 
74LS151 2708 1.73 
74LS153 2716 (5v) 2.67 
74LS155 2732 2532 (specify) 7.59 
74LS156 4116150ns 1.25 
74LS157 4116200ns 1.20 
74LS158 6810P 1.43 

· 74LS160 
REGULATORS 74LS161 
7805 0.55 74LS162 
7812 0.55 74LS163 
7905 0.65 74LS164 
7912 0.65 74LS166 

CRT CONTROLLERS 
74LS173 
74LS174 9364AP 8.64 
74LS175 6845 11.72 74LS181 

BUFFERS 74LS190 
81LS95 1.20 74LS191 
81LS96 1.25 74LS192 
81LS97 1.20 74LS193 
81LS98 1.25 74LS194 
8T26A 1.50 74LS195 
8T28A 1.50- 74LS196 
8T95N 1.50 74LS197 
8T97N 1.50 74LS221 
8T98 1.50 74LS240 

,;'USC SUPPORT CHIPS 
74LS241 
74LS242 

AY-3-1 015 ~or ) 3.49 74LS243 
AY-5-1013 equiva- 3.19 74LS244 
AY-5-2376 lent 7.00 74LS245 
MC1488 0.75 74LS247 
MC1489 0.75 74LS248 
MC14411 6.99 74LS249 
MC14412 7.99 74LS251 

DATA CONVERTERS 74LS253 

ZN425E 3.50 74LS257 

ZN426E 3.00 . 74LS258 

ZN427E 6.28 74LS259 

ZN428E 4.78 74LS261 

ZN429E 2.10 74LS266 
ZN432 28.09 74LS273 

ZN433 22.59 74LS279 

Data converter 74LS283 
Handbook 1.00 74LS290 

74LS293 
74LSSERIES 74LS365 
74LSOO 0.11 74LS366 
74LS01 0.15 74LS367 
74LS02 0.14 74LS368 
74LS03 0.14 74LS373 
74LS04 0.13 74LS374 
74LS05 0.15 74LS375 
74LS08 0.14 74LS377 
74LS09 0.15 74LS378 
74LS10 0.13 74LS379 
74LS11 0.15 74LS386 
74LS12 0.15 74LS390 
74LS13 0.29 74LS393 

OFFICIAL ORDERS WELCOME 

MIDWICH COMPUTER CO. L TO. 
(Dept. WWI 
HEWITT HOUSE, NORTHGATE STREET 
BURY ST. EDMUNDS, SUFFOLK IP33 1 HO 
TELEPHONE : (02841701321 

PRICE PRICE 

0.51 
0.15 4000 0.12 
0.13 4001 0.12 
0.15 4002 0.12 
0.15 4006 0.89 
0.19 4007 0.14 
0.15 4008 0.61 
0.17 4009 0.31 
0.14 4010 0.37 
0.14 4011 0.13 
0.17 4012 0.19 
0.17 4013 0.34 
0.17 4014 0.62 
0.14 4015 0.64 
0.40 4016 0.28 
0.42 4017 0.54 
0.70 4018 0.59 
0.62 4019 0.36 
0.14 4020 0.68 
0.15 4021 0.70 
0.15 4022 0.68 
0.22 4023 ' 0.19 
0.18 4024 0.39 
0.30 4025 0.15 
0.22 4026 1.12 
0.25 4027 0.36 
0.54 4028 0.64 
0.77 4031 1.55 
0.18 4033 1.30 
0.36 4034 1.80 
0.81 4035 0.85 
0.40 4036 2.25 
0.39 4039 2.45 
0.48 4040 0.87 
0.26 4041 0.70 
0.28 . 4042 0.56 
0.26 4043 0.82 
0.28 . 4044 0.62 
0.45 4045 1.30 
0.45 4046 0.75 
1.07 4047 0.78 
0.29 4048 0:44 
0.29 4049 0.28 
0.51 4050 0.27 
0.29 4051 0.62 
0.40 4052 0.82 
0.40 4053 0.62 
0.78 4054 1.02 
1.13 4055 1.00 
0.35 4060 0.68 
0.35 . 4063 0.94 
0.50 4066 0.38 
0.50 4067 0.22 
0.36 4068 0.21 
0.40 4069 0.15 
0.43 4070 0.23 
0.43 4071 0.20 
0.43 4072 0.20 
0.43 4073 0.20 
0.51 4075 0.20 
0.37 4076 0.87 
0.77 4077 0.23 
0.78 4078 0.20 . 
0.60 4081 0.20 
1.50 4082 0.20 
0.61 4085 0.45 ' 
0.61 4086 0.58 
0.69 4093 o.43 
0.69 4502 . 0.80 
0.42 4507 0.37 
0.42 4508 2.25 
0.68 4510 0.87, 
0.68' 4511 '' 0,51 
0.64 4512 0.83 
1.01 4514 1.53 
1.15 . 4515 2.38 
0.85 4516 0.72. 
0.85 4518 0.72 
0.84 . 4519 0.58 
1.21 4520 0.71 
0.41 4521 1.65 
0.74 4522 . 1.15 
0.74 • 4526 ' 0.15 ·: 
0.46 4527 1.00 
0.46 4528 ' 0.79 
0.57 4532 0.90 
0.40 4541 1.15 . 
1.15 4543 . 1.15 
3.12 4553 2.50 
0.25 4555 0.40 
0.97 4556 0.47 
0.37 4585 1.05 
0.45 
0.60 CRYSTALS 
0.53 4MHz 1.80 
0.39 
0.38 DILSOCKETS 
0.38 PINS 
0.38 8 0.07 
0.79 14 U8 
0.79 16 0.09 
0.50 18 0.14 
0.97 20 0.16 
0.73 22 . 0.18 
0.56 24 0.20 
0.29 28 0.24 
0.68 40 0.32 
0.61 

QUANTITY DISCOUNTS AVAILABLE 
Al l prices exclude post <-mrlpacklfHl on 
orders under f 10 i50pl ilrHi VA I ( 15'' , ). 
ALL ORDERS DESPATCHED ON DAY Of 
RECEIPT WITH FULL REfU ND fOR OUl 
OF STOCK ITEMS IF REQUESTED 
24 hour felephone Cretlit Cilrrl Order~ 
TELEPHONE (02841701321 

CflEDI I CAfW UHDERS WELCOME 

WW- 037FORFURTHERDETAILS 
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cron 
INDUSTRIAL 

MUSCLE 

Model- M600 
* POWER RESPONSE DC- 45KHz± 1 dB. 
* OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD (CONTINUOUS R.M.S.). 
* D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA. 
* HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6 OHMS. 
* PLUG-IN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION OSCILLATORS* UNIPOLAR 

AND BIPOLAR DIG!TAL 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: 0953-4524 Tl 

. WW- 051 FOR FURTHER DETAILS 
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~[DJ~ 
MODEL 3012-R 

The S2-R shell supplied with it is 
another SME 'first' in heavy gauge 
aluminium with pin-up and pin-down 
bayonet for positive locking. The 
sockets of all SME arms employing 
detachable shells are double slotted 
and therefore compatible with this 
design . 

Manufacture of the Model 3012 Series II 12" precision 
pick-up arm ended in 1972. In response to many requests 
to re-introduce it for professional and hi-fi applications we 
have produced the Model 3012-R. It is basically similar to 
its classic predecessor but with important refinements in-
cluding: ' 

e Thin walled stainless steel tone~arm. 

e New design lateral balance system. 

e Extra rigid low mass shell with double draw-in pins. 

e Main weight system with fine adjustment providing a 
wide range of balance. 

e Geometry optimised fm 12" records. 

Distortion caused by lateral tracking error is at least 
25% less than is possible with a 9" arm and its effective 
mass of 14 grams makes it particularly suitable for the 
many medium and low compliance cartridges now on the 
market. 

Full details will be sent on request. 

Write to Dept 0663 
SME Limited, Steyning, Sussex, BN4 3GY, England 
~ Steyning (0903) 814321. Telex 877808 SME G 

WW-016 FOR FURTHER DETAILS 
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red common anode. 
replace (DL707). 

ULTRASONIC TRANSDUCERS 
40KC/S -- - -
Complete on 1 Bin. screened 
£1 .75 ea. Pairs £2.95. 

(5082-i65oP1igh efficiency and very ~right. 
Excellent C'llilrai:ter appearance, ·evenly lighted segm-ents . 
wide viewing an11le, body col~ur improve~ 'Off' segment 
contras!. Ca.tegonzed. for lumtnous mtens1ty, use of like 
categones y1elds a umform display. Consumption as low as 
3mA per segment, designed for multiplex operation. Stan
dard 14-pin dual-in-line package configuration. 

than half 
1 

Professional ASCII Keyboards 

BRITISH MADE 
• 52 KEY 7 BIT 

ASCII CODED 
·POSITIVE STROBE. 
+5V- 12V. 

• FULL ASCII 
CHARACTERS 

The 'CHERRY' Computer Keyboard 

• PARALLEL OUTPUT 
WITH STROBE 

·POWER LIGHT ON 
CONTROL 

• CHIP BY GENERAL 
INSTRUMENT (G.I.) 
TTL OUTPUT 

• SUPERBLY MADE 
SIZE 13 X 5. 5 X 

1.5 ins. 

• BLACK KEYS WITH 
WHITE LEOGENS 

• ESCAPE. SHIFT. 
J:lETURN & RESET 
KEYS 

• CONTROL REPEAT 
& BELL 
Complete with DATA 

12/24V RANGE PR1220/240V 
SEC:~~ 

0 12V OV 12V 

TYPE AMPS PRICE PIP 
12v 24v £ £ 

242 0.3 0.15 1.70 0.40 
213 10.50 2.32 0.70 

71 2 1 2.51 0.90 
18 4 2 3.24 1.43 
68 3 1.5 3.15 1.43 
85 5 2.5 5.52 1.43 
70 6 3 6.26 1.43 

108 84 7.38 1.73 
116 12 6 8.57 1.90 

17 16 8 10.53 2.05 . 
115 20.10 13.69 2.05 
187 30.15 17.72 2.45 
232 40 20 25.18 3.50 . 
226 60 30 35.35 4.00 

48/96VRANGE PRI120/220I240V 

sec: t8o!S"rtv tJamouv 
VOLTS 12=> 48-0-48 

TYPE AMPS PRICE PIP 
48v 96v £ f 

430 1 0.5 4.14 1.43 
..431 2 1 7.22 1.73 

432 4 2 11.87 2.05 
433 6 3 14.47 2.20 
434 8 4 18.43 2.45 
435 10 5 26.16 2.65 
436 12 6 32.75 . 4.00 
437 16 8 35.77 4.60 

MAINS JSOlATOAS I SAFETY SCMEEN) 

... 120,.,., ...... c .J.0m~~o~f96~J., ..r.omwgg,oo~J., 

TYPE VA PRICE PIP : 
£ £ 

149F 60 7.35 1.73 
105F ioo 8.61 1.73 
151F 200 12.15 2.05 
152F 250 14.75 2.20 
153F 350 18.22 2.55 . 
154F 500 22.70 2.65 
155F 750 32.08 7.00 
156F 1000 41 .26 7.00 

Ideal for use with TANGERINE. 
TRITON. TUSCAN. APPLE and most 
computers. Ex-Stock from HENRY'S 
This is definitely the BEST BUY. FULLY 
GUARANTEED. Supplied BRAND NEW in 
manufacturers original packing. Just post 
remittance totalf35.95 (jncl. V.A.T. & 

404 Edgware Road -~~~~ 
London W2, .:;uyt•anu. 
01-7231008 

15/30V RANGE PRI2201240V 

sEc: tS6m6ttv JS~t6l~tv 
VOLTS AVAILABLE 3->15-0-15 

TYPE AMPS PRICE P/P 
15v 30v f f 

112 . 1 0.50 2.47 0.95 
79 2 1.0 3.16 0.95 

3 4 2 5.64 1.43 
20 6 3 6.59 .1.73 

'21 8 4 7.80 1.73 
51 10 5 9.68 1.90 

117 12 6 10.97 2.05 
88 16 8 14.65 2.20 
89 20 10 16.93 2.35 
90 24 12 18.84 2.55 
91 30 15 21.56 2.65 
92 40 20 30.08 3.50 

AUTOTRANSFORMERS 2401220-115V 

!900~~fv00202~~0002~L 65VA-10KVA 

TYPE VA PRICE PIP 
25 65 3.82 1.10 
64 80 4.40 1.10 

4 150 5.64 1.43 
69 250 7.13 - 1.73 
53 350 8.97 1.90 
67 500 11.09 2.20 
83 750 12.42 2.20 
84 1000 16.88 2.65 
95 2KVA 31.26 4.00 
73 3 61.27 4.75 
57 5 87.42 6.60 

101 10 159.45 13.00 

MAINS iSOLATORS I SAfETY SCREEN I 

··~ ... ,.," ...... c ..r.ougwg296~J., ..r.oug~~gSj!o~J., 

TYPE VA PRICE PIP 
£ £ 

243F 60 7.35 1.43 
244F 100 8.81 1.73 
245F 200 12.15 2.05 
246F 250 14.75 2.20 
247F 350 18.22 2.55 
248F 500 27.70 ~ -65 -
249F 750 32.08 7.00 
250F 1000 41.26 8.00 

• 0 I· " •"' 
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fiompton Instruments 
Type 33 Analogue Multimeter 
EXCEPTIONAL VALUE 
Only £19.95 
plus VAT 
* Guaranteed 12 mon\hS. 

* 31 rengee dc/ec/ohmo/ 
dB/F 

DC Volts: 9 renge1 0 . 1 V 
to 2000V. 

AC Volt1: 5 renges 2 .511 
to 1000V (50Hz to lOMHz). 

Reoiotonce: 5 re nge1 5KO 
to 50MO * 20Kn pervolt-cl .. a 2.5. DC Amp1: 6 renge1 * Leade, t>.tteriel. wallet, O.SmA to SA. 

inltructions. AC Amps: 5 renge• 
ORDERs WITH P.O./M.O. * 2 fuee +diode protection. 0 .25mA to 2.5A. 
CHEQUES TO: * 20A de plug-in ohunt dB Retioe: -10d8 to 
CROMPTON INSTRUMENTS + £3.95 +VAT. +40d8 
B Saffron Way, * Protectioncradlewith sling Cepacitance: 100pF/50nF, 
Leicester, LE2 8UP + £2.95 +VAT. 10nF/50,.F. 

~HAWKER SIDDELEY . 

CROMPTON INSTRUMENTS 
B SAFFRON WAY, LEICESTER LE2 6UP Tel : (0533) 833565 Telex 342216 

WW- 020FORFURTHERDETAILS 

ONLY £48.50Postfree,incVAT rL®~ 

ct®~1J 
~(f)[R®~ 

~[RFJ~CUJ[R~ 
0 HOLDS UP TO SIX EPROMS 
0 SAFETY INTERLOCKED 

TRAY 
0 FAST ERASE TIME 
0 QUALITY STEEL CASE 
0 MONEY-BACK GUARANTEE 

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

NORTHERN ELECTRONICS 
51 Arundel Street, Mossley, l.ant·ashire . TPI : Mossley(04575)4119 

WW - 053 FOR FURTHER DETAILS 

TITAN 
25/50V RANGE PR1120/220/240V JOI60V RANGE PRI 120I220/240V 

sEc : WM~6ttv JJ6fv6~2edftv 
VOLTS OUT 5 => 25-0-25 

TYPE AMPS PRICE PIP 
2511 60v £ £ 

102 1.0.50 2.88 1.43 
103 2 1.0 3.60 1.43 
104 4 2 7104 1.73 
105 6 3 8.33 1.90 
106 8 4 11.18 1.90 
107 12 6 14.79 2.20 
118 16 8 20.49 2.55 
119 20 10 24.52 2.55 
109 24 12 29.39 3.50 

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

TYPE VA 

56W 20 
64W 80 
4W 150 

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

' INVERTOR 
In : 12v D.C. Nom. 

PRICE 
£ 

5.52 
7.63 
9.63 

11 .98 
18.67 
26.90 
iiUs · 
69.18 

PIP 
£ 

0.58 
1.43 
1.73 
1.90 
2.20 
2.65 
7.00 
8.00 

Out : 240v A.C. square wave 100VA Con. 
150VA Peak. 
INV 1. Cased-pvc covered steel case with 13-

r:J'2~J'~~~~~:~:1~~sgfl.1~;:;g ~~r~al2~so 
carriage. 

sEc: t86tW~v tSO,t~1:~v 
VOLTS 6 => 30-0-30 

TYPE AMPS PRICE P/P . 
30v 60v f f 

124 1 0.5 2.92 1.43 
126 2 1 5.78 1.43 
127 4 2 7.13 1.73 
125 6 3 10.73 1.90 
123 8 4 12.28 2.20 
40 10.5 15.55 2.20 

120 12 6 17.72 2.35 
121 16 8 25.09 2.65 
122 20 10 29.07 4.00 
189 24 12 33.51 4.60 

LINE ADJUSTMENT AUTOTRANSFORMERS 

f ooqoooQooopooo9oo9ooo I 
0 200 210 220 230 240 250 

TYPE VA PRICE PIP 

415C 50 2.13 0,58 
416C 100 3.13 1.10 
417C 200 3.65 1.43 
418F 350 5.63 1.43 

419F 500 6.13 1.73 
420E 750 7.60 1.90 
421F 1000 10.55 2.()5 

MAINS ADAPTORS 
13 amp plug in type, reversible 

spider jack lead 
TYPE - - VA . - mA PRICE PIP 
100 6-7.5-911 250 3.85 O.SB 

REGULA rEO 
101 6-7.5-9v 300 4.70 0.58 

SEND TODAY SOp (REFUNDABLE WITH FIRST ORDER) FOR CATALOGUE 

TITAN TRANSFORMERS AND COMPONENTS 
Dept. WW, CENTRAL HALL CHAMBERS. GRIMSBY 

S. HUMBERSIDE DN32 7EG 
1 

MAIL ORDER ONLY - PRICES INCLUDE 15% VAT 

·, WW- 022 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


28 WIRELESS WORLD AUGUST 1981 

When you're ready 
to ''face'' the music 
we have a tip 
for reduced 
distortion 

Whether you are seeking to reproduce the full 
dynamic range in the grooves of today's new 
superdiscs, or simply to obtain maximum listening 
pleasure from treasured "oldies" in your record 
collection, you need a pickup cartridge that 
will deliver optimum trackability with minimum 
distortion . 

Because the pickup cartridge is the only 
point of direct contact between the record and 
your entire stereo system, its role is critical to 
faithful sound r8'-creation . That's why upgrading 
your pickup cartridge is the single most signifi
cant (and generally least costly) improvement you 
can make to your stereo system. · 

To that end Shure now offers the Hyperellip
tical Stylus Tip configuration-first introduced on 

. the critically acclaimed V15 Type 1V-in a full line of 
cartridges with a broac.l range of prices. 

The Hyperelliptical stylus tip is probably 
the most significant advance in tip geometry in 
decades. It has a narrower and more uniform 
elongated contact area that results in significantly 
reduced intermodulation .and harmonic distortion. 

Look over the list at left to see which Shure 
HE cartridge best matches your tracking force 
requirements . 

For more information about Shure pickup 
cartridges please write to us at the address below 
quoting reference IFS-1. 

Setting the World Standard in Sound ®D ® SHURE 

WW - 030 FOR FURTHER DETAILS 

Shure Electron ics Limited 
Eccleston Road 

Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 
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wireless 
· world 

Information versus emancipation 
"Popular will can only express itself within t~e 
limits that technical necessities have fixed m 
advance." (Jacques Ellul in The Technological 
Society) 

The ICL affair last May showed us that 
electronic information processing has 
become more than just a useful aid: it is a 
national issue. Some twenty government 
departments and several thousand British 
firms are dependent on the use of this 
company's machines. The Government 
was right to reject the proposal that ICL 
should be broken up, its customers sold off 
to a foreign firm and its research, 
development and manufacturing centres 
- constituting much ofthe country's 
strength in "information technology" -
disposed of like unwanted chattels. If 
information technology (broadly the 
systems formed from digital computers 
and data communications) is an important 
part of the country's industry it must 
remain under British ownership. And the 
British organizations that u·se its products . 
must not be abandoned to dependence on 
commercial decisions made by foreign 
computer firms who have no special 
concern about the future of any country, 
let alone this one. 

Every nation, of course, wishes to 
maintain its independence by keeping 
control of the technical means by which its 
organizations function. In a democracy 
one would expect this control to be 
exercised by the popular will. But in 
modern industrialized countries the will of 
the people counts for less and less as 
officials in charge of specialized 
information, and of the means of handling 
it, become more influential in the ordering 
of events. Representative democracy, in 
fact, is giving way to oligarchy. The po~er 
of legislative assemblies in many countnes 
has been declining relative to the power of 
the executive. This has happened because 
of the increasingly technical decisions 
which a modem government has to ·make. 
Such decisions are often beyond the 

competence of the ordinary representatives 
of the people, so they have to be made 
under the guidance of the technical experts 
in the permanent bureaucracy of the 
executive (e.g. the civil service). These 
bureaucrats always have better, more 
specialized information at their command ' 
than the legislators, and they keep it to 
themselves while it suits their purposes. 
Their guidance increasingly takes the form 
of the already prepared decision, the 
logical outcome of technical necessity, 
which the legislators cannot reasonably 
refuse to endorse. Much the same can be 
said of two other autocratic influences, the 
military and the large companies and 
public corporations. The first can keep 
information to itself on grounds of national 
security, the second on grounds of 
commercial secrecy. It is difficult for mere 
members of the public to contest their 
arguments because, without full 
information, the truth ofthe premises 
cannot be examined. 

In all three groups, electronic data 
processing and data communication have 
become their central nervous system: 
without these machines the senior officers 
and managers would now fail to keep 
control. At the same time the very 
presence of such techniques allows the · . 
organizations continually to grow larger, m 
the resources and people they command, 
without danger of falling apart. They are 
integrated and secure. And the chiefs of 
these power structures, unelected by the 
people but using the technical products of 
their work, privately make decisions which 
can have profound effects on the economy 
or security of a whole country. 

It's a sad fact for electronics engineers to 
digest that our contributions to . 
information technology are now helping to 
undermine our own freedom to participate 
effectively in the public policy decisions 
which govern our lives. But at least it 
doesn't feel as bad when we know the 
machinery is our own design. 
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The peculiar circumstances of the 
world's motor industry, which 
produces vast quantities of 
technically conservative products for 
a market which is largely influenced 
by cosmetics, dictate that the 
equipment fitted usually lags the 
available technology by at least a 
decade. Accordingly, many of the 
applications to be described here may 
at present be found only on expensive 
vehicles, if at all. 

Power units 
Alternators. With the possible exception 
of radios, the alternator was the first quan
tity-produced automotive device to rely on 
semiconductors. The benefits of alterna
tors are well known, but their use in road 
vehicles was only made possible by the 
development of low-cost reliable recti
fiers1. -For a long time the regulator re
mained mechanical in form, but now 
electronic regulators are becoming more 
common. Those using discrete compo
nents or thick film technology have been 
more successful than monolithic devices, 
primarily because of the adverse environ
ment2. 

An alternator regulator basically con
trols the field current, as in Fig. 1, and the 
switching mode is often used to reduce 
dissipation. 

Electronic ignition. Electronic ignition is 
interesting in the way timing information 
is derived and in spark generation. 

The source of timing has now generally 
polarized into two major groups, the mag
netic pickup, where a rotating part of the 
engine modulates the flux linking a coil, 
and the optical system, where a light beam 

is interrupted3
. Both of the above use the 

existing centrifugal advance mechanism, 
which is not devoid of drawbacks. A not
able exception is the Bowstock system, 
which uses an r.f.-excited capacitance 
transducer to eliminate the advance mech- . 
anism4. 

There are now several variations in the 
spark generator design. In the inductive
discharge system of Fig. 2, the energy 
stored in the coil is YzLrf2 joules. The 
primary current has to be limited· to that 
which the mechanical contacts can handle 
without burning, so the inductance has to 
be relatively high to allow sufficient spark 
energy. The time taken for primary cur
rent to build up in that inductance reduces 
spark energy at high revolutions, even in 
the absence of points bounce. Replace
ment of the points with a transistor which 
can handle a higher current means that the 
inductance can be greatly reduced, allow
ing spark energy to be maintained to 
higher revolutions. It follows that the inain 
benefit of an add-on inductive discharge 
ignition unit will not be realised if the 
appropriate low-inductance coil is not also 
fitted. 

All commercial inductive-discharge 
systems are of similar design, with the 
exception of the Bowstock system, which 
employs some original thinking. As shown 
in Fig. 3, this system uses a matching 
transformer between the coil and the am
plifier, which is of the push-pull type to 
give a more rapid rate of flux change. The 
matching transformer prevents the coil in
ductance from limiting the spark rate, and 
the makers claim 1200 sparks per second 
with undiminished energy. Also unique is 
the fact that no current flows from the 
battery except during the generation of a 
spark. 

In a capacitor-discharge system, shown 
in Fig. 4(a), a high-voltage. inverter 
charges a capacitor which, at the moment 
of firing, is discharged into the coil prim-· 
ary, which is used as a transformer. An 

. equivalent circuit of the c.d. system is 
shown in Fig. 4(b). As the mutual induc
tance of the coil, Lm, is an order greater 
than the leakage inductances, it can be 
neglected, which simplifies the circuit to 
that of Fig. 4(c). The resonant frequency 
can be stated as 

1 
wo=---

Yrc;;; 

h C Cp. Css w ere ser ----,~---=-
Cp+Css 

The primary current displays a half-sine 
characteristic, as in Fig. 4(d). The dura
tion of this waveform, using figures quoted 
by Hoyer5 is 

2JtY3lf.!H.240nF 
10 ::::::: f.AS 

1 
This is extremely short, and in fact the 

actual spark will be shorter than this. The 
rise time of the output voltage is corre
spondingly short, and as a result resistive 
losses before the spark gap breaks down 
are very small, which accounts for the un
paralleled cold starting performance of the 
c.d: system. Pnfortunately, the weak 
mixtures used in modern engines can find 
the spark too short. Simply stated, a weak 
mixture is not homogeneous, but consists 
of patches of strong mixture floating about 
in very weak stuff. If the spark arrives 
when no patch of mixture is adjacent to the 
electrodes, a misfire results. Turbulen~e in 
the cylinder means that a spark maintained 
for about 300f.!s will result in ignition, but 
this is obviously a function of engine de
sign. 
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Fig. 1. Basic alternator regulator controls field current. 

+12V 

Fig. 3. Bowstock system uses matching 
transformer and push-pull amplifier to 
achieve rapid firing rate at full output. 
(1-coi/, 2-transformer) 

In c.d. systems, the spark can be ex
tended in a number of ways. Most com-

. mon in constructors' circuits is the config
uration of Fig. 4(e), where the inver~er 
rectifier forms a return current path, giv
ing a current waveform shown in Fig. 4(f). 
In Fig. 4(g), the flywheel diode across the 
coil primary allows the long current decay 
shown in Fig. 4(h). Obviously, the spark 
duration should be ascertained by oscillo
scope before using a c.d. system ~n a lean~ 
burning engine, particularly smce the 
original coil is often used, and is not 
necessarily optimal for a c.d. system .. Re
putable manufacturers offer matching coils 
for their c.d. systems but, as with induc
tive discharge, the author has yet to see a 
reasoned argument for the use of matched 
coils in a motor magazine. The reader is 
referred to a better-than-average effort6, 

which also gives an interestirtg insight into 
the motor fraternity's colloquialisms. 

Enhanced-spark systems have been the 
subject of research for many years now, 
but commercial availability is relatively 
recent. The system depends upon the fact 
that the voltage required to maintain the 
spark is considerably less than the 
breakdown voltage of the spark plug .. 

Fig. 2. Many inductive discharge systems 
simply replace points with transistor 

Fig. 4. Capacitor-discharge system~ in basic form. at (a). Equivalent circuit a~~) i~ sim_f~~~:1i~o 
that at (c) of coil mutual inductance is ignored. Current waveform produc~ d' ~ct~cw. 't t 
shown at (d), extended by circuit at (e) to waveform shown at (f). Flywhee to e tn ctrcw a 
(g) allows long decay shown in (h) 

+12V 

+12V 

+400V 

Inverter ~!:..._.,__-lit---

---------, 
Part of 
inverter 

r---~ To distributor 

(a) 

To distributor 

(h) 

To distributor 
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A d.c. supply of several kilovolts is ap
plied to the spark plug but, as this poten
tial is below the breakdown voltage, no 
spark occurs until an e.h. t. pulse is 
superimposed upon the d. c. The spark gap 
then breaks down, and the d.c . supply 
maintains the arc until the charge is ex
hausted. The principle has long been in 
use in strobe tubes and flash guns, where 
the trigger pulse generates an intense 
electric field around the tube, which 
breaks down and discharges the h. t. capa
citor until extinction voltage is reached7• 

The technique has also been used on 
electric arc welders to assist in establishing 
the arc. The components of such a system 
are under a great deal of stress, and it 
remains to be seen how reliable commer
cial systems are. It should be possible to 
design a system wh!ch keeps working on 
the trigger in the event of the h. t. failing. 

A further concern is that erosion of the 
spark plug electrodes may be accelerated 
by the intense sparks generated by such 
systems. The greatest advantage would 
appear to be in application to lean-burning 
engines8. 

This type of spark generation has come 
to be known as the plasma system, an 
unfortunate term since it implies that the 
sparks generated by other systems are not 
also plasmic. Alongside the plethora of 
misnomers already perpetrated by the in
dustry, such as fluid flywheels and shock 
·absorbers, this latest is a drop in the ocean. 

The distributor has a number of 
shortcomings, one of which is that conden
sation often forms inside the cap, which 
causes tracking, a surface breakdown of 
insulation. The rotor arm does not contact 
the segments inside the distributor cap, so 
a second spark spans the gap, causing ero
sion of the electrodes. The use of a conven
tional distributor dictates long h. t. leads, 
leading to radio interference, and extra 
leakage to ground to dissipate spark 
energy, as well as presenting a further 
spark gap which has to be broken down. 

A system under investigation at the mo
ment replaces the distributor with reed 
switches. This approach must reduce lead 
lengths and interference, but the reliability 
of such a system has to be questioned. 

An alternative is to u~e one coil per 
cylinder, which is extravagant. There is, 
however, a compromise. In engines having 
single-plane crankshafts, whenever one 
piston rises on the compression stroke, 
another is rising on the exhaust stroke. 
There is no reason why the two cylinders 
should not spark together, as the ex
hausting cylinder would not be affected. 
With this approach only two coils would 
be required for a four-cylinder engine. 
Distributorless two-cylinder engines have 
used the principle successfully for many 
years now. As the two coils fire alternately, 
the effective dwell angle is doubled, mak
ing the simple inductive-discharge system 
attractive. 

Fuel-injection systems eliminate the car
burettor by injecting the fuel directly into 
the combustion chamber, or, more com
monly, into the inlet manifold adjacent to 
the valve. Early fuel-injection systems 

I 

Fuel pressure 
regulator 

Fig. 5. Basic electronic indirect fuel 
injection 

were entirely mechanical, and their unre
liability made them as popular as lead bal
loons; indeed the permanent repair for 
some was to fit a carburettor. The advent 
of electronic systems now means that relia
bility is more a function of what can be 
afforded rather than what was physically 
possible. 

A normal carburettor responds to 
throttle ·opening, inlet manifold vacuum 
and engine temperature. Additionally, 
most modern vehicles have some form of 
temperature-controlled air intake to 
prevent icing and to eliminate yet another 
variable. Some carburettors9 can adjust 
themselves for changes in atmospheric. 
press_ure. In a basic fuel-injection system, 
the_ mput parameters are sensed by a 
var~ety of transducers (shown in Fig. 5) 
which feed the control unit. This device 
controls solenoid-operated valves which 
admit fuel from a pressure-stabilized line 
when energized. The injection must occur 
as the inlet valve opens, so the system 
requires an input to describe the rotational 
position of the engine: any of the devices 
used to replace the contact breaker are 
suitable for this. The input parameters are 
used to calculate the mass-per-unit-time 
a~rflow into each cylinder, because this 
dictates ~he amount of fuel to be injected in 
conjunction with the mixture strength re
quired. By sensing the inlet air tempera
ture, the temperature-controlled inlet be
comes redundant. The system is an 
obvious application for a microprocessor 
which can be programmed to account fo; 
transducer calibration constants, and can 
perform Gas Law calculations on the in-

. puts to accurately. assess the mass flow. 
Engine requirements under different con
ditions can be stored as lookup tables in 
r.o.m., so that one basic system could be 
adapted to a range of engines simply by 
blasting new r.o.ms. 

The advantages of fuel injection are that 
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high volumetric efficiency can theoreti
cally be obtained in the absence of an inlet 
venturi, and that on multi-cylinder en
gines, much weight can be saved by replac
ing rows of carburettors, since the weight 
of a fuel-injection system grows little with 
the number of cylinders. These features 
a~e obviously only applicable to racing: 
more relevant to e'Veryday motoring is the 
action of a fuel-injection system on the 
overrun, i.e. when decelerating with the 
throttle closed. With a carburettor system, 
the closed throttle causes high manifold 
vacuum which evaporates condensed fuel 
from the manifold walls. The resulting 
rich mixture causes a puff of black smoke 
to emanate from the exhaust. To meet 
U.S. emissions legislation, carburettors 
fairly bristle with devices to alleviate this 
problem. The fuel injection sysrem simply 
does not inject any fuel at all under these 
circumstances, a trick which diesel engines 
have been doing for years. This may ex
plain why both fuel injection and diesel 
engines are renascent in the U.S.A. 

One interesting application of fuel injec
tion,. which is not possible with any other 
approach, is to change the number of cyl
inders in use, depending on the load. The 
argument for this is that by using, say, 
four cylinders of an eight-cylinder engine 
to generate half the maximum engine 
power, those cylinders are working at 
maximum compression and therefore 
maximum efficiency, whereas all eight cyl
inders would be working at part compres
sion to achieve the same power output. 
The latest Cadillac V8,6,4 engine uses 
three different configurations, dependent 
on load, and a seven-segment indicator on 
the dashboard relays the number of cylin
ders in use. 

Control 
Automatic transmission. Theoretically, 
the advantages of automatic transmission 
are many, but they have to be weighed 
against the drawbacks of currently avail
able units. Relieving the driver of gear 
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shifting means that the engine should al~ 
ways be running at an efficient speed, and 
that the driver can concentrate more on the 
road. In heavy traffic, the benefits of auto
matic transmission are compelling. 

With some notable exceptions, current 
automatic gearboxes rely on a torque 
convertor in order to skimp on the number 
of ratios provided. A torque convertor is 
supposed to be a kind of variable-ratio 
torque transformer whose task is to pass 
engine power to the gearbox proper. Un
fortunately, rather a lot of power is wasted 
as heat in current units. In order to 
prevent overheating, the convertor is de
liberately designed to so load the engine 
that little power can be produced at low 
roadspeeds. As a result, the acceleration of 
three-ratio automatics from rest is pedes
trian, and that of two-speed automatics can 
be measured with a calendar. The heat 
generated by the convertor represents 
wasted fuel, so as a palliative, recent units 
incorporate a lockup clutch which is used 
when cruising. 

The exceptions to the above have been 
where the designer has kept the transmis
sion within some efficiency guidelines. In 
this respect the French have a clear lead. 
The most efficient types use either a con
ventional clutch and gears, hydraulically 
operated, or electromagnetic powder 
clutches. Power losses in these systems 
should be no worse than in manual trans
missions, and acceleration and economy 
are about the same. The most sophis
ticated are electronically controlled, using 
such input parameters as road speed and 
inlet-manifold vacuum, as well as manual 
override controls and kickdown switches. 
Current automatic transmissions have to 
be forced into low gear by the driver for 
long descents to avoid overheating the 
brakes: there is no reason why an intellh 
gent transmission could not work out this' 
condition itself. The narrow power band of 
modern o.h.c. engines, together with an 
extending motorway system, is dictating a 
trend to more gear ratios, five now being 
fairly common in manual transmissions. 
The future can be expected to bring auto
matic gearboxes with as many as eight 
ratios, controlled by microprocessors, as in 
Fig. 6. The gearbox itself need not be 
particularly complicated, since eight ratios 
can be obtained by cascading three epicy
clic reducing stages, which could be en
gaged in binary combinations. In top gear, 
such a device would be extremely efficient, 
as all the stages would be locked up, with 
_no relative movement of the gears. 

Electrical system. Legislation and social 
trends have made the electrical system of 
the modern car very complicated indeed, 
with devices like rear fog lights and hazard 
warning lights being introduced to counter 
today's conditions. 

The driver has to be able to operate 
many different controls within easy reach, 
and to see instruments and the road. His 
body has to be kept warm, and supplied 
with fresh air, and his ears often require to 
be supplied with sounds of his choice. He 
needs to find his surroundings to his taste, 
as well as hoping that in the event of an 
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Fig. 6. Eight-speed automatic gearbox with 
three stages combined in binary sequence. 
Micro processes inputs to arrive at correct 
ratio, controlling hydraulic clutches with 
solenoid valves 

Fig. 7. Common-bus vehicle wiring, 
showing load switching and transference 
of data to display 

.------Information display-----, 

1~--- Remote switching 

accident he will not be injured by any of 
the hardware supplying these needs. The 
constraints of the above cause the dash
board area to be the most densely packed 
part of the whole vehicle. Not long ago, 
printed circuits were adopted to simplify 
some of the dashboard wiring, and 
multifunction stalk switches on the steer
ing column also help to reduce the clutter, 
although the ergonomics of some leave a 
lot to be desired. 

In an attempt to further simplify the 
physical arrangement of vehicle wiring, a 
system has been proposed whereby the 
battery is connected to every electrical de
vice by one heavy coaxial cable running 
throughout the vehicle. The outer braid is 
used as the power conductor, the inner 
conductor being a serial, multiplexed 
control line, which is driven by a control 
unit situated next to the driver, as in Fig. 
7. Using computer-type registered address 
techniques, devices connected to the cable 
are controlled by transmitting a unique 

Control panel for Smith's Industries 
electronic heater system. Mass of levers 
and cables is eliminated, giving flexibility 
in siting of panel. Heading picture is artist's 
impression of dashboard of the future, 
which uses both analogue and digital 
displays. 

address, followed by a control word. Data 
transmission in both directions would be 
possible, so that, for example, one node of 
the cable might be the engine-temperature 
transducer sending data to the dashboard 
display. In order to generate addresses and 
codes, to arbitrate line use and interface 
with driver controls, a microprocessor 
would be necessary, and needless to say, a 
great degree of both signal and hardware 
redundancy would be required to ensure 
reliability, as a failure would be rather 
crippling. 

To be continued 
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Record RAE entry 
A record number of candidates, about 
5500, sat the Radio Amateurs' Examina
tion in May, and this is sure to be reflected 
in a continuing surge of new licences over 
the next few months. This year has seen 
the completion of the G8AAA sequence of 
Class B callsigns and the new G6-three
letter calls are already beyond G6CAA. 
Class A licences have reached beyond 
G4MAA arid the total number of UK ama
teur licences by early June was over 
32,500. 

In terms of population percentage, 
however, the UK tends to lag well behind 
such countries as the USA, Japan, New 
Zealand etc. and the directly comparable 
position in West Germany (where for a 
number of years licence totals ran neck and 
neck with those of the UK) shows that 
country now ahead by more than 10,000. 

In view of the criticisms I voiced of the 
RAE papers set in December 1980, it is 
only fair to report that significantly less 
adverse comment has been received on the 
questions set in May, and generally these 
do appear to have had rather more rele
vance to what people· need to know to 
operate modern equipment without caus
ing interference to other users of the radio
frequency spectrum. That having been 
said, there is no doubt that the inherent 
problems remain unsolved, and the techni
cal level remains significantly higher than 
in the specimen questions issued by the 
City & Guilds Institute. 

And what, for example, does one make 
of such a question as: "The advantage of · 
keying the buffer stage in a telegraphy 
transmitter is: (a) no energy reaches the 
aerial during key-up; (b) spurious res
ponses are minimized; (c) key-clicks are 
absent; (d) the oscillator frequency re
mains constant" (Paper 765-1-02, question 
55)? 

As someone who has spent much time 
keying osc~llator stages, buffer stages, 
power amplifier stages (and various combi
nations of these in differential-keying ar
rangements) I have no hesitation in label
ling this question, in this form as 
meaningless and unanswerable in terr~s of 
modern practice! And, once again, the 
questions on radio propagation are 
confused and at too high a level. 

Technical exams 

The problems inherent in providing a sen
sible "entry examination" for what is in
tended to be a "self-training" service 
should not be underestimated; this is parti
cularly true in countries such as the UK 
where only a single level of technical exa
mination is held, without any form of "in
centive" or "novice" licensing. In recent 
months, apart from my own criticisms 
questions of the true aims, purposes and/o; 

conduct of amateur examinations have 
been expressed by amateurs, or would-be 
amateurs, in a number of countries, in
cluding New Zealand, West Germany and 
the USA. One has to accept that the hobby 
has changed a great deal over the past two 
decades; that, whereas 30 years ago a high 
proportion of transmitters and aerials and 
ancillary equipment used by newly 
licensed amate.urs was home-built, this is 
no longer true. 

Some of the critics want examinations at 
a higher technical level; others wa~t a 
"driving licence" approach in which it is 
accepted that it is possible to operate mod
ern equipment without fully under
standing the circuit design. A few typical 
comments are: 

"The present form of examination is 
ludicrous . . . the syllabus needs to be 
looked at very carefully and perhaps 
trimmed to the must know level rather than 
including 'nice to know' parameters" 
(New Zealand). 

,"Exams should be designed so that, 
through memorization, those who take the 
tests will learn what they need to know to 
operate competently a station and to have 
an idea of how to fix one ... amateur radio 
is effective in allowing thousands of un
trained persons an opportunity to learn 
through experience" (USA). 

"West Germany publishes a brochure 
containing questions and answers intended 
for the examining committee, but it is 
available to the public and most of the 
·examination questions are exactly the same 
as in this official publication ... we now 
have 'persons licensed to participate on 
amateur frequencies' "(West Germany). 
. There is another aspect of this rna tter. It 
could be argued that licensing and exami
nation policy in the UK has led in recent 
years to undue concentration of amateur 
operation in the 144-146MHz (two-metre) 
amateur band, while at the same time 
many of the h.f. and u.h.f. bands are now 
relatively "underpopulated", a situation 
having many potential dangers and disad-
vantages. · 

From all quarters 
The RSGB estimate that some 7000 people 
attended the 1981 National Amateur Radio 
E~hibition at Alexandra Palace, and cer
tamly at times it was quite a struggle to get 
near the exhibits! About 50 traders sup
ported the event and the 'talk-in' stations 
registered some 2000 contacts. The 1982 
event is due to be held in the new 
Alexandra Palace Pavilion from April22 to 
24, 1982. 

British amateurs will be watching 
closely to see whether prices of Japanese 
equipment increase as a result of recent 
changes in the exchange rates, in view of 
the lack of any noticeable effect when the 
rate became more favourable to the £ ster-

WIRELESS WORLD AUGUST 1981 

ling. Many complaints have been heard . 
about the lack of competitive pricing by 
British importers, although "price nego
tiating" is not unknown: 

The Radio Amateur Old Timers Asso
ciation, formed originally in 1949 as the 
~ritish Old Timers Association, is opening 
Its ranks to all those who can show evi
dence of having been interested in the 
~obby, either the receiving or transmitting 
Side,. for a minimum of 25 years. 
PreviOusly membership has been open 
only to those who have held a transmitting 
licence continuously for 25 years. Current 
membership is over 550. RAOT A holds 
the callsign G20T and a regular 3.5MHz 
net is held on Thursday mornings at 
11a.m. President is Ken Alford, G2DX 
who was originally licensed as TXK before 
World War I. Vice-president is F. ]. 
('Dud') Charman, G6CJ. · 

Application forms from Miss May 
Gadsden, 19 Drummond House Font 
Hills, Long Lane, East Finchley, London 
N2. . 

Radio-control modellers continue to 
have · problems due to interference from 
illegal c. b. operation and are not convinced 
that all will be well when (and if) c.b. 
activity shifts to the higher "legal" chan
nels. The alternative model-control fre
quency of 35MHz is available only for use 
with model aircraft. 

Running IARU 
Views in support of major changes in the 
future organization and administration of 
the International Amateur Radio Union 
have been put forward by the overseas 
liaison officers of the New Zealand Asso
ciation of Radio Transmitters: Arthur 
Godfrey, ZL1HV and Fred Johnson 
ZL2AMJ. For over 50 years IARU head
quarters has been administered by. the 
American Radio Relay League with its 
officers "arbitrarily selected rather than 
democratically elected" the New Zea
landers note. They suggest: (1) IARU 
should have an executive elected by the 
member-societies; (2) administrative work 
s~ou~d be carried out by the regional orga
~Izat~ons, who would implement policy 

decided by the HQ executive after due 
consultation with regional .executives who 
in turn have sought the opinion of their 
member societies and reached a consen
sus". 

It is suggested that a measure of decen
tralisation would permit more use to be 
made of volunteers and so reduce the need 
for professional administrators. The recent 
~egi~n 1 IARU conference at Brighton 
highlighted a rather different problem: im
portant new recommendations and resolu
tions can be introduced at a very late stage 
and then adopted or rejected without refer
ence back to member-societies. 

PAT HAWKER, G3VA 
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Simplified design of 
de power supplies 

Design considerations and formulae for common circuit configurations 

by J. C. S. Richards 

Although capacitance smoothed de · 
power supplies are common 
electronic circuits, surprisingly· little 
has been written on how to design . 
them. Much of what has been · 
published gives the impression that a 
reasonably accurate prediction of 
performance demands either a 
computer or an extensive set of 
graphs and tables such as those of 
Schade 1 which have been used for 
over thirty years. This article 
describes a few simple 
approximations to give formulae 
which are easy to use and accurate 
enough for most purposes. 

To siinplify the design procedure it . is 
assumed that the direct outp).lt voltage and 
current in the system are independent of 
the size of the ' reservoir capacitance C, 
provided it is large enough for the peak-to
peak ripple voltage, Vrip' across it to -be a 
small fraction, say 20%, of the de voltage. 
As shown later, the performance can be 
easily calculated by taking C to be infinite. 
The ripple voltage is q:mservatively given 
by 

Vrip=nl Dcf(2JC) co· 
where IDe is the de output, f is the mains 
frequency, n is 1 for the circuits in Fig. 1, 
and 2 for the circuits in Fig. 2. A better 
approximation for Vrip is given in equation 
11. With 50Hz mains, JDc=lA and 
C= lO,OOOf..lF, Vrip is about 1 V for a full
wave circuit. 

A second assumption concerns Vrec' the 
forward voltage drop in the rectifiers, 
which depends on the rectifier peak cur
rent but is unlikely to be more than l.SV 
for a silicon device. The design procedure 
assumes that the rectifiers are ideal, infi
nite resistance in the reverse direction and 

/ zero resistance in the forward direction. 
When calculating the de output voltage, 
V DC, from a specified transformer, 
subtract Vrec from the value obtained with 
ideal rectifiers. When choosing a transfor
mer, start by adding Vrec to the required 
value of VDC· Except for very low cur
rents, Vrec should be taken as 1 V per 
diode, i.e. 2V for a bridge rectifier. 
Leakage in the electrolytic capacitor and in 
any reverse biased rectifiers causes a 
voltage drop of up to O.SV in the forward 
biased rectifiers. However, V DC is usually 
calculated at zero output current so that 
components with a suitable voltage rating 

(a) 

J 
(c) 

can be chosen, and it is therefore advisable 
to consider Vrec as zero. · 

Transformer considerations 
Copper losses are important when deter
mining the transformer performance. 
Ready made transformers ar·e usually des
cribed by some of the following parame
ters. 
Vj, nominal r.m.s. primary voltage. 
/R - rated r.m.s. secondary current. 
VR - rated r.m.s. secondary voltage or 
the secondary voltage when the current is 
JR. 
Voc - open circuit r.m.s. · secondary 
voltage. 
r- regulation or (V0 c- VR)/VR. 

For a custom designed transformer or one 
whose parameters are found by mea
surement, the most readily available quan
tities are usually 

R I and R2 - primary and secondary resis
tances. 
n -turns ratio, given by VpiVoc· 
Rs - output resistance, given by 

(R 1/n2+R2). 

Because simplified design methods are 
particularly useful when only a few items 
are needed and off-the-shelf transformers 
are used, the formulae below use the first 
set of parameters. If the second set is pre
ferred, a conversi<;m can be achieved using 

J 
(d) 

Fig. 1. Full-wave rectifier circuits. (a) 
bridge, (b) dual bridge, (c) centre-tapped 
bridge, (d) two phase. In the design 
.formulae for the bridge circuit, VR and IR 
are the ratings for each secondary. For the 
two-phase circuit, the rating of each 
secondary is VR, YziR. 

Fig. 2(a). Half-wave circuit, (b) symmetrical 
voltage doubler. 

(a) 

{b) 
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the relations 

(l+r)IR!r=VociRs (2) 

(l+r)VR=Voc (3) 

Tolerances are rarely quoted for trans
formers and it is not uncommon for the 
open circuit secondary voltage to be 3% 
adrift and the regulation r, which is often 
_given as a typical or a maximum value for a 
broad range of transformer, to be 10 or 
20% different. However, these errors 
usually combine to make the full load 
voltage within about 2% of its nominal 
value. 

When a transformer has more than one 
secondary winding, the variation of output 
voltage with ·load becomes more compli
cated because current drawn from one 
secondary affects the voltages on the rest. 
However, for a transformer with two 
similar secondaries each passing the same 
current, the behaviour can be described in 
terms of VR, /Rand r as above. This covers 
the series and parallel connection of 
secondaries and the rectifier circuits in 
Fig. l(b) and (c). For the two-phase circuit 
in Fig. 1(d), the r.m.s. current in each 
secondary is the same, but the current 
flows in only one secondary at a time. To 
compare this circuit with a bridge rectifier 
using both secondaries in parallel, suppose 
that VR, IR, r, Rb Rz and Rs are the 
transformer parameters when the seconda
ries are in parallel. In this case the rating of 
each secondary is Yzh and its resistance is 
2Rz. If current is taken from only one 
secondary instead of from both in parallel, 
the total r.m.s. current which can be 
drawn without overheating is reduced to 
IR!k'~2 and the effective output resistance is 
increased to kR 5 ; where 

k=(2Rz+RIIn2)/(Rz+R11n2) (4) 

The value of k must lie between 1 and 2, 
and is typically 1. 5 when a transformer is 
designed to have equal primary and 
secondary copper losses in normal opera
tion. 

Design formulae 
A characteristic of capacitance smoothed 
rectifier circuits is that the currents in the 
transformer and rectifier are pulsed. The 
performance is easily calculated if the an
gle of flow, 28, is known, and in the ap
proximate formulae below' e is expressed 
in radians. 

To find the half angle of flow e, 
8= 1.494xlf3+0.1llx (5) 

where x=A1[r/(l +r))(/Dc/h) . 
and A1 = 1 for a bridge, A1 =k for a two
phase, and A 1 =2 for a half-wave or 
doubler circuit. The second term may be 
ignored when x<0.05. 

For the de output voltage VDc, 

VDc+Vrec=v'2(l+r)AzVR cos e (6) 

where Az = 1 except for the doubler circuit 
whereA2 =2. 

For the r.m.s. transformer current IT, 

fr!IDc= 1.37 A3/ev' (7) 

where A3= 1 for a bridge or two-phase, 

A3=V2 for a half-wave, and A 3=2 for a 
doubler circuit. 

For the repetitive peak rectifier current 
Ip, 

IJIDc=2.36 A.J8 (8) 

where A4= 1 for a bridge or two-phase, and 
A4=2 for a half-wave or doubler circuit. 

For the r.m.s. capacitor current/c, 

Ic!IDc=(AsiT21IDc2-l)vz (9) 

where As= 1 except for the doubler circuit 
whereAs= 1/2. 

For the maximum permitted de current 
Im, which occurs wheniT=/R, 

Imlh =0.87 A6[r/(1 +r)]Vs (10) 

where A 6= 1 for a bridge, A 6= llk215 for a 
two-phase, A6=0. 76 for a half-wave, and 
A6 = 112 for a doubler circuit. 

For the peak-to-peak rippl~ voltage Vrip> 

Vrip=A7IDc0- 2As8/rr)/(2C.f) (11) 

where A7=As= 1 for a bridge or two
phase, A7=2 and Ag= 112 for a half-wave, 
A7=2 and As= 1 for a doubler circuit. The 
r.m.s. value of the ripple is about 0.3Vrip· 

More exact forms of most of these for
mulae are given in, or can be deduced 
from the theory described later. 
However, any errors introduced by the 
approximations are nearly always<3%,and 
more usually <1%. Also, errors arising 
from the simplifying assumptions made in 
deriving the "exact" formulae and from 
inaccurate specification of the transformer 
are likely to be more significant. In 
practice the total discrepancy between cal
culated and measured values of VDc has 
rarely exceeded 1 V or 5%. 

Choosing a circuit 
The choice of circuit is usually between a 
bridge and a two-phase design. Overall the 
two-phase circuit is usually better and 
cheaper at low voltages and the bridge 
wins at higher voltages, but the differences 
in cost and efficiency are small and often 
less important than the availability of com
ponents. 

For dual supplies the separate bridges of 
Fig. 1(b) allow flexibility in earthing etc, 
while the centre-tapped bridge of Fig. 1(c) 
is the most economic way of obtaining 

· positive and negative rails. The only im
portant advantage of a half-wave circuit as 
shown in Fig. 2(a) is simplicity. The trans
former is used inefficiently, flux in the 
core has a de component, the de regulation 
is poor and the ripple voltage is double that 
of a full-wave type using the same capaci
tor. 

The symmetrical half-wave doubler in 
Fig. 2(b) avoids de polarisation in the 
transformer core, the fundamental ripple 
frequency is twice that of the supply, and a 
high de voltage can conveniently be ob
tained using components with a relatively 
low voltage rating. 

The available direct current I m> the cor
responding de voltage V m and the open 
circuit de voltage V0 , with allowance for 
the rectifier voltage drop Vreo are plotted 
against r in Fig. 3 for a full-wave bridge. 
The trend of thecurves is the same for all 
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REGULATION r 

Fig. 3. Graph for a bridge rectifier circuit 
showing how the maximum available de 
current 1m, the corresponding de output 
voltage V m, and the open circuit de voltage 
V0 vary with the regulation of a transformer 
rated at VR and IR. 

circuits. Regulation of the de supply is 
(Vo- V m)/V0 , therefore a transformer witlt 
poor regulation makes a power supply with 
even worse regulation. However, when r is 
very small, the transformer tends to be 
large and expensive for its VA capacity and 
Imlh becomes small. Also, it may be 
necessary to introduce an external resis
tance to limit the peak rectifier current, 
thereby removing any advantage from a 
lowr. 

As a general guide, for outputs between 
10 and 100VA, a regulation of about 0.1 
(10%) is a good compromise and suitable 
transformers are readily available. Trans
formers with a low power rating, < 10V A, 
are not much cheaper than larger types 
and, because the relatively larger cooling 
surface permits a higher current density in 
the copper, a larger fraction of the winding 
area is occupied by insulation which tends 
to make the copper losses and hence r 
relatively large. 

For a bridge ' or a two-phase circuit 
which must provide V DC at a maximum 
current I De, the transformer V R should be 
about 0.8 '(VDc+ Vrec) and IR should be 
around 2/Dc· When specifying VDc for a 
supply which is to be stabilized, allow for 
the voltage drop in the stabilizer, typically 
2 to 3V, variations in mairis voltage, about 
± 10%, and the minimum voltage across 
the capacitor which is less the V DC by 
about VzVrip (0.5 to 1 V). Considering all 
these factors, and allowing for a 1 to 2V 
drop in the rectifiers, a stabilized output 
usually requires a transformer with a VR of 
about 0.9 CVstab+SV). Therefore, for the 
popular stabilized values of 5, 12 and 15V, 
the transformer voltages must be around 9, 
15 and 18V respectively. It is permissible 
for I DC to exceed I m for periods much less 
than the transformer thermal time con
stant, provided that /De is appropriately 
less than I m at other times. Note that the 
thermal time constants of the rectifiers and 

WIRELESS WORLD AUGUST 1981 

capacitor are relatively short and their rat
ings should be determined from the maxi
mum value of IDe· 

When a suppl~ is switched on a large 
current, up to V2IR(l +r)lr, can flow into 
the capacitor, so the rectifiers must have 
an appropriate non-repetitive peak current 
rating. The repetitive peak voltage rating 
of the rectifiers should be at least 
v'2(1 +r)VR for the bridge circuits and 
twice that value for the other circuits, with 
an allowance for mains voltage variations. 
The voltage rating of the capacitors should 
not be less th~m v'2(1 +r)VR, and these 
ratings should be increased by 30 to SO% 
for high reliability. 

Design examples 
For a supply with an output of 3SV de at 
0.6A, less than 2V peak-to-peak ripple, 
and a bridge rectifier with Vrec=2V, a 
transformer is needed with VR about 0.8 x 
37 or 30V, and /R about 2 x 0.6 or 1.2A. 
From equation 10, the two secondaries in 
series can provide a de current I m of 
0.85A, and from equations 5 to 11 the 
following values are found. The figures in 
brackets were measured on a prototype 
with C=2,200r-tF. 

At/Dc=O, VDc=46.2V (45.8V) 
At IDc=0.6A, 8=0.473, 

VDc=39.2V (38.4V) 
/T=l.2A, lp=3.0A, Ic= 1A, 

Vrip= f.9V (1.8V). 

For a supply to provide SV at 1A with 
less than 1 V peak-to-peak ripple, a trans
former with two secondaries each rated at 
4.5V 1.3A, and a regulation figure of 
nominally 0.1 is suitable. The design equa
tions for a bridge circuit with the secon
daries in parallel give the values below; 
measured values are for C= 10?000~-tF. 

At !Dc~O, VDc=7V(6.1 V) 
At IDe= 1A, VDc=4.2V(4.1V), 

Vrip=0.7V(0.6V). . 

For a two-phase circuit, assuming 
k= 1. 5, the following values are obtained. 

At IDc=O, VDc=7V (6.6V) 
AtiDc=1A, VDc=4.9V (5.1V), 

Vrip=0.7V (0.6V). 

·These results clearly show that the two
phase circuit is superior. 

Derivation of equations 
An equivalent circuit for a bridge rectifier 
is shown in Fig. 4, together with some 
current and voltage waveforms. The trans
former is represented by a sinusoidal gen
erator, v1 =(V1 coswt), and an output resis
tance Rs. 
, When C is large enough, the voltage 

across it can be taken as constant and equal 
to VDc· Current i1 flows into C whenever 
the magnitude of VJ is greater than VDc, 
i.e., when IV1 coswtl >VDc, or when wt 
lies between (nn-8) and (nn+8), where n 
is 0, ± 1, ±2 ... etc. and 28 is the angle of 
flow. In Fig. 4(b), IVIcoswrJ and VDc are 
shown together and 

VDc=V1cos8 (12) 

(a) 

(b) 

-e +9 
(c) 

(e) 

Fig. 4(a). Equivalent circuit of a bridge 
rectifier system. (b) Comparison of 
/V1coswt/ and Voc when Cis infinite. (c) 
Waveform of current i 1 into the capacitor. 
(d) Waveform of transformer secondary 
current ir. (e) Comparison of /V1coswtf, 
voltage across a finite capacitance and the 
de output voltage. 

Current i1 flows in pulses as shown in Fig 
4(c), and is given by 

it= Vt(coswt-cos8)1Rs (13) 

Because the average value of it must be 
·equal to I De, 

sinS- 8cos8=VmRslDciVI 

=nriDc1[2v'2(1 +r)/R] (14) 

This equation can be solved by trial and 
error or by expanding sin8 and cos8 as a 
truncated power series in e and then using 
Newton's approximation to obtain equa-
tion 5 above. · 

The transformer current is shown in 
Fig. 4(d) and has the same r.m.s. value Ir 
and peak value Ip as it. Theref?re, 

IT2= V/ (28 + 8cos2€).- 1.5sin8) 
(nR/) .05) 

Ip=Vt (l-cos8)/Rs (16) 
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Expanding cos28 etc. as series in e, and 
keeping the most significant term provides 
equations 7 and 8. 

From Fig. 4(a), the current it divides 
into two parts, IDe and ic in capacitor C. 

·Because ic has no de component, the aver
age value of icl DC is zero, and equation 9 
follows. To find Im, IT is made equal to /R 
and the equation is solved by series expan
sion to find 8m, from which Im follows by 
equation 13. 

For circuits other than the bridge type, 
the constants At to As can be found by 
sketching the waveforms and making ap
propriate adjustments to the integration 
limits when taking· averages. 

Effect of finite capacitance 
If the ripple voltage across capacitance C is 
assumed to be an exact triangle waveform, 
the diagram in Fig. 4(e) is produced where 
IV 1 coswtl and the voltage across C are 
shown together. The theory given above 
can be extended to find Sb 82 and hence 
V DC etc. 2, but the improvement is small if 
the ripple is small. For example, the 
change in V DC for a bridge system is 
around 6(VripiVDci [Irl(r!Dc)f13%, 
which is <3% provided that Vrip/VDc 
<0.2 and a transformer with r > 0.05 is 
used at or near its maximum capacity. If 
such an improvement is justified, a more 
accurate method of predicting rectifier 
voltage drop should be used. The 
discharge current out of C is I DC therefore, 
if C discharges for a time lt, 

Vrip=I DCt1/C -(17) 

From Fig. 4(e) and because (81 +82) is 
approximately 28, and the repetition time 
of the ripple is 11(2/), 

lt =(1- 28/n)/(2./) (18) 

so equation (11) follows, and (1) gives a 
rough overestimate. 

Note that in the doubler circuit of Fig. 
2(b), the voltage waveform across each 
capacitor is that of a half-wave circuit. 
However, the two ripple waveforms are 
displaced from each other by half a cycle 
and, when added, give a ripple waveform 
with a fundamental frequency of twice the 
mains frequency. 

References 
1. Schade, 0. H., "Analysis of rectifier opera
tion", Proc. I.R.E., Vol. 31, pp 341-361, 1943. 
2. Leiders, A., "Single-phase rectifier circuits 
with CR filters", Electronic components and ap
plications, Vol. 1, pp 153-165, 216-225, 1979. 

Tone filters for electronic 
organs - correction 
On page 61 of Colin Pykett's article in the De
cember 1980 issue, please transpose the first five 
lines in columns two and three. And on page 60, 
in column three, please read 82kH for R1 and 
1kH for R2. Apologies for these errors. 
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Programmable sound-generator 
interface 

Z80 control of the AY-3-891 0 

Although the AV-3-8910 
programmable sound generator was 

· designed for use with a 
microprocessor, it can only be directly 
used with CP1600/1610 devices. This 
inexpensive interface allows up to 
four generators to be controlled by 
the popular ZSO using i/o instructions. 

The A Y-3-8910 programmable sound gen
erator, p.s.g., is a 40-pin i.e. containing 14 
read/write registers which determine tone 
frequency, noise amplitude and envelope 
shape on three separate audio output chan
nels. These features make the device suit
able for computer control and, with simple 
programming, a wide range of musical and 
non-musical sounds can be produced. 
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Fig. 1. Interface decoding logic for two 
programmable sound generators. 

Fig. 2. Control circuit for one or two p.s.gs. 
ZBO connections are marked with a circle. 

Once programmed, the p.s.g. can produce 
and sustain a particular sound without 
further control from the computer, and 
several devices can generate elaborate 
contrapuntal effects. 

Individual registers in the generator are 
accessed and written/read via an 8-bit bidi
rectional bus whichis controll~d by BDIR, 
BCl and BC2 signals. If BC2 is connected 
to +SV, bus control can be achieved with 
the signals shown below. 

BDIR 
0 
0 

BC1 Function 
0 bus inactive 
1 read data from latched 

p.s.g. register 
0 write data to latched p.s.g. 

address 
latch register address 

The BDIR and BCl signals are directly 
available from . CP1600/1610 processors, 
but with other microprocessors they must 
be simulated and synchronized to allow 
data transfer between the processor and 
p.s.g. bus. 

The AY-3-8910 also has two indepen
de~t general purpose 8-bit i/o channels, 
registers 14 and 15, which have no effect 
on the sound generation. Theseare equiva
lent to a Z80 p.i.o. without the handshake 
lines and interrupt facility, and can be · 
used, for example, to read a keyboard. 

continued on page 54 
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BETTER R.F.I. 
PROTECTION NEEDED 
It is clear from my own observations that a.m. 
citizens' band equipment operating on the 
27 MHz frequency is now so firmly entrenched 
in this country that nothing, certainly not the 
belated appearance of a legal specification, will 
sweep it away. Whatever the rights and wrongs 
of the matter may be, there are just too many 
a.m. rigs in service for them to fade rapidly into 
obscurity come the glorious day. 

I therefore issue a vehement plea for all 
manufacturers of domestic electronic equip
ment to start looking seriously at one aspect of 
its performance which is usually wholly neg
lected - immunity to strong radio-frequency 
fields. Manufacturers ought to be forcefully re
minded that if their apparatus is not intended to 
respond to 27MHz a.m. signals it is a failing on 
their part if it does. The extra components 
needed to secure excellent r.f.i. protection are 
not expensive, and their presence would also 
assist in reducing the number of domestic prob
lems arising from the use of amateur, p.m.r., 
broadcast or other radio transmitters close to 
ordinary households. 

Perhaps reviewers might observe that an r.f.i. 
susceptibility test would be a useful addition to 

· their array of measurements. A number of repu
table hi-fi manufacturers produce amplifiers 
with appalling r.f.i. protection, and it seems 
that performance in this respect is haphazard -
there being considerable differences between 
various models from the same manufacturer, 
and no apparent correlation between price and 
protection. 
Norman McLeod 
Brighton 
Sussex 

DISTORTION AT THE 
AMPLIFIER-SPEAKER 
INTERFACE 
The two-part article "Intermodulation distor
tion at the amplifier-loudspeaker interface" by 
Otala and Lammasniemi in your November and 
December 1980 issues contains serious flaws. 

This article began life as an Au,dio Engi
neering Society Convention preprint, No. 1336 
of February/March 1978. Its authors are aware 
of at least three independent rebuttals of that 
preprint, one of which has already been pub
lished. This published rebuttal is by R. R. Cor
dell of Bell Telephone Laboratories, and is 
available as AES Convention preprint No. 1537 
of November 1979, under the title "Open-loop 
output impedance and interface intermodula
tion distortion in audio power amplifiers". One 
of the unpublished rebuttals is by E. M. Cherry 
and G. K. Cambrell of Monash University; 
originally submitted to the AES Journal in Feb
ruary 1979, a revised manuscript was submitted 
in October 1980 under the title "Output stages 
for audio power amplifiers". 

Cherry and Cambrell make the following 
points: 
1. If an amplifier uses a common-emitter output 
stage then, if collector resistance can be varied 
without changing any other parameter, interface 
intermodulatiori distortion, i.i.m., increases· 

monotonically as collector resistance is reduced. 
2. If an amplifier using a given transistor has a 
common-emitter output stage, and if this is 
changed to the common-collector configuration 
and nothing else is changed except the phase of 
the feedback connection, i.i.m. at best remains 
constant but is more likely to increase. 

Taken together, 1 and 2 run absolutely 
·counter to the suggested "rule" of providing a 
low open-loop output resistance (WW Dec. 
1980, p.S6). 
3. For practical purposes, a loudspeaker is pass
ive and cannot inject a signal back into an ampli
fier. (a) The motional e.m.f. produced by sound 
incident on the loudspeaker cone from room or 
enclosure reflections of from other sources is 
minuscule compared with amplifier rated out
put voltage. (b) Substantial motional e.m.f. re
sults from the signal applied to a loudspeaker. 
However the substitution (or compensation) 
theorem of network theory shows that an active 
network which models a loudspeaker and in
cludes such a motional e.m.f. can be replaced 
identically by the passive LRC network that 
completely models the driving-point impedance 
of the loudspeaker. A loudspeaker is strictly 
passive so far as any applied electrical signal is 
concerned, and there is no possibility of i.i.m. 
as defined because there is no independent sig
nal source in the load. 
4. I.i.m. is proportional to a product of output 
current amplitudes in Fig. 4. The constant of 
proportionality depends on the detail of the 
circuit, but cannot exceed the constant in a 
standard two-tone intermodulation test. l.i.m. 
at given output current amplitudes cannot ex
ceed standard intermodulation at the same cur
rent amplitudes. 

Taken together, 3(a) and 4 suggest that the 
distortion power produced in a real-life situation 
by the interface intermodulation mechanism is 
minuscule compared with the distortion power 
produced by the standard intermodulation 
mechanism. 
Edward M. Cherry 
Department of Electrical Engineering 
Monash University 
Clayton, Victoria, Australia 

The authors reply: 
We are not aware of any rebuttals of our AES 
paper. The paper of Cordell is based on dif
ferent premises from ours, i.e., Cordell postu
lates the amplifier open-loop distortion to be 
constant in the comparison, whereas our 
analysis is based on the closed-loop distor,tion 
being held constant. This difference in bound
ary conditions taken into account, Cordell's re
sults are in agreement with ours and the paper 
can hardly be considered a rebuttal. The two 
other references quoted are unknown to us, and 
will be considered if and when available. 

The points the writer makes sound familiar to 
us as if they were our own results taken from 
our paper: 
1. This conclusion is a corollary to our paper. 
We assumed the amplifier closed-loop distortion 
to be constant, which is a real-life engineering 
consideration, as discussed· iri our paper. The 
writer's assumption is that the open-loop distor
tion is constant and that the amount of overall 
negative feedback varies with the collector resis
tance. This leads to complete agreement with 
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·our results, if allowance is made for the different 
·boundary conditions. However, we doubt if the 
writer's case could be realistic in practice. 
2. Our theory shows that the i.i.m. in this case 
should in principle remain about the same just 
as the writer states. We cannot see any theoreti
cal discrepancy here either. Nevertheless, this 
kind of a hat-trick would be impossible in 
practice, and practical measurements show the 
common-emitter stage to be inferior because of 
larger closed-loop distortion. 
3. (a) We agree completely with this point, as is 
stated in our paper. (b) As far as the loud
speaker is concerned, this is just a matter of 
definition. We would wish to point out that the · 
proposed i.i.m. measurement method was not 
conceived to simulate the physical loudspeaker, 
but just to expose the amplifier output port to 
such worst-case current and voltage 
relationships which might occur when real loud
speaker loads are being driven. 
4. This is a rephrasing of the opening paragraph 
of Part 2 of our paper. In many cases, i.i.m. will 
be negligible as compared to the CCIF two-tone 
i.m. However, in a poorly designed amplifier, 
such as shown in our Fig. 14, it may equal in 
·magnitude the two-tone i.m.' as can be . seen 
from our Figs. 1 S and 17. · 

In conclusion, the letter does not seem to 
indicate any flaws in our paper, on the contrary. 
Many a thing may seem controversial if viewed 
from different positions. However, a more thor
ough examination which takes into account the 
different sets of boundary conditions shows no 
conflict to exist. 
Matti Otala,Jorma Lammasniemi 
Technical Research Centre of Finland 
Oulu, Finland 

THE DEATH OF 
ELECTRIC CURRENT 
Mr lvor Catt's very interesting article in your 
December 1980 issue obviously calls for some 
,discussion, since, if he is correct in his analysis 
-it would imply that a lot of our fundamental 
teaching in e}ectronics is wrong. . 

Let me recapitulate first, simply, on the Nor
mal theory of electric current flow. It is now 
widely taught that in the following circuit the 
electric current consists of a flow of electrons, 
between adjacent atoms which make up the 
material of the wires; the electrons either carry
ing, or being, elements of electric charge. The 

1. joule /coulomb I second 

--;;'- e.m.f. = 1 volt 

1 coulomb I second 
= 1 ampere 

Energy converted 
to heat at 
1 JOUle /second 
= 1 watt in 
resistance 

s~ > 
"' 1 ohm 

charges are given energy by the electromotive 
force of the battery, such that if l coulomb (6.24 
x 1018 electrons) of charge is raised through a 
potential difference of 1 volt, it acquires 1 joule 
of energy; which is then expended when the 
current (rate of flow of charge) flows through 
the external circuit resistance. If the charge is 
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flowing through the wire at l coulomb/s, then 
the current is said to be l ampere, and the 
resistance of the circuit would be 1 ohm; while 
the energy of the current would be dissipated 
(e.g. converted into heat) by resistance, at the 
rate of l watt, or l joule/s. 
: It wouid seem from the successes we have 
,had, for example, in making colour television, · 
radio and stereo systems available to so many 
people, that these circuit fundamentals must be 
quite a valid and useful way of thinking. I am 
also at a loss to see how Mr Catt can develop his 
:theory of the battery and resistor, with the 
'energy current' entering the resistor sideways 
(on p. 80, December issue) into giving such 
useful quantitative concepts as the above circuit 
does; but maybe he doesn't want to, at present. 

· It would seem, however, that he is at least 
asking us to lay aside our hypotheses about the 
existence of protons, electrons, and therefore 
presumably even atoms; for we are told that 
electric charge does not exist, and nothing flows 
in a conductor. This could indeed be revolu
tionary. . 
· As a philospher, I am only in sympathy with 
Mr Cart's initiative. Although I can't really fol
low the flight of his imagination at present, I 
have argued elsewhere ("Mind & Machine," 
The Listener, Oct. 17th, 1963) that the concepts 
and inventions of physics, and indeed the Uni
verse itself, should be understood in terms of 
the concept of imagination, e.g. of the writing of 
scientists, and not vice versa . My attempt to 
argue this viewpoint however, i.e. that scientific 
knowledge does not have to be taken literally as 
ultimate truth, was not very well received, and I 
was accused of 'dangerous obscurantism'. It 
may, I suppose, one day be possible to explain 
the 'imaging' or 'imagining' function of the 
brain in physical concepts. However, although I 
wish Mr Catt every success in developing his 
imagination and new theories, I think he should 
be warned, or reminded, that the imagination of 
scientists does have to be supported, or tested, 
by observations and experiments. In short, it 
seems that he may be unwise in reviving a Hea
viside theory, published in 1892, and in quoting 
J. A. Fleming (1898) and Clerk Maxwell (1831-
1879), who lived before the discovery of the 
electron (1897), through the experiments of]. J. 
Thomson, had become well known and 
accepted. 
Peter G. M . Dawe 
Oxford 

The author replies: 
Mr Dawe's recapitulation, para. 2, deals with a 
so-called "steady state" situation. Conventional 
theory covers for these quite well; it .was de
veloped for that purpose. However, conven
tional theory cannot cope with the transient 
condition, as we shall see. Consider the situation 
1/4 nanosecond after we close the switches in the 
diagram below. 

_r L Aic '---?- © 

·o 0 0 0 0 0 0 0 0 0 X 0 X 0 X 0 

PI \a 
A voltage-current step has advanced three 
inches to the right. Behind the step, there is a 
voltage drop between the wires. The E lines 
must terminate on electrons in the lower wire. It . 
follows that behind the step the lower conductor 
contains more electronics per inch than is con
tained in the uncharged section ahead of the 
step. 

As the step advances further forward, extra 
electrons must appear in locations such as <X to 
terminate the new E lines involved in the 
voltage difference which now exists in the next 
inch of transmission line. 

Where does the electron come from to fill the 
next gap <X as the step front advances forward? It 
cannot be one (say ~) from behind the step, 
because this electron is not travelling at the 
speed of light. For ~ to arrive at location <X in 
time; it would have to travel at the speed of 
light, since the voltage-current step is ~ravell~ng 
forward at the speed of light (for the d1electnc). 
A central feature of conventional theory (N or 
H) is that the drift velocity of electric current is 
slower than the speed of light. Therefore 
Theory N, where electric current is the cause 
and E x H field an effect, breaks down for the 
simple reason that a cause travelling slower than 
the speed of light cannot create an effect travel
ling at the speed of light. It seems clear that if 
we retain a dualistic theory (N or H), the pre
sent discussion forces us to conclude that 
Theory H obtains; the cause must be theE x H 
field in the dielectric, energy current, which 
does travel at the speed of light, and the slower 
electric current in the wire is merely an effect of 
that cause. 

I would agree with Mr Dawe, para. 3, that 
practical success would tend to indicate that our 
fundamental theory is sound. However, coun
ter-instances abound. Lacking sound theory, 
the Romans still built many impressive bridges. 
Like Mr Dawe, I shall use whatever suits me to 
.calculate dissipation in resistors, etc . We do not 
have to use the theory we believe, when it is 
inconvenient, rather than travel by another 
more convenient path in our day-to-day affairs. 
Calculation of the steady current from a (car) 
battery to a resistor (car headlamp) will not 
become the stamping ground for theoretical 
discord. Similarly, I think quite happily about 
how to avoid "losing the cold" in my deep 
freeze. There is a time and place for theories. 
The policeman who charges you with driving 
without due care and attention should not have 
to bother with Newton's Laws of Motion, and is 
not charging you for ignoring them. 

With regard to the last paragraph, the 
electron ,is not necessary (indeed, it creates 
major problems) in explaining the passage of a 
TEM step guided between two conductors. 
Should it be necessary in other situations, it can 
be expected to turn out to be a standing wave 
energy current. This was proposed by Schro-: 
dinger. Jennison's design of such a structure 
(Wireless World June' 1979, pages 45-47) goes 
wrong because, like so many others, he is 
trapped within the conceptual confines of the 
sine wave. Once you drop the sine wave, it is not 
difficult to construct an "electron" out of 
energy current. (However, it would then be 
illogical to hold onto Theory N or Theory H, 
since energy current would then be bordered by 
energy current (i.e. electrons). Similarly, once it 
is realized that a capacitor is a transmission line, 
it is not logical to retain the alternate lumped L 
and C (transmission line) model for the trans
mission line.) 

I think the first part of the last paragraph, like 
Osiander, is wrong. It is a tragedy that virtually 
all contemporary scientists are siding with the 
mediaeval church against Galileo. I stand with 
Galileo, Bruno and Kepler, but urllike Bruno 1 
shall not be burnt alive for it. (SeeM. Polyanyi, 
"Personal Knowledge", RKP 1958, pp. 145-
6.) As to the second part of the last para., I am 
making discovery, not indulging in imagination. 
As to the electron, although I may allow the 
existence of the standing-wave electron, I find 
the billiard-ball electron incomprehensible. 
Like Einstein, I do not accept the quantum. 
(Max Born, "The Born-Einstein Letters" , Mac- ; 
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millan .1971, pp. 164, 168. ) However, this does · 
not bear directiy on Theory C, which merely 
removes the (possibly in other situations surviv
ing) electron from the theories of (a) the "steady . 
charged capacitor" and (b) "electric current in a 
wire" . 
lvor Catt 

HERBERT DINGLE 
Perhaps I may be permitted to make a brief · 
reply to Dr Wilkie's lengthy attack in the June 
issue on my. late uncle Professor Herbert 
Dingle. Dr Wilkie writes: "Professor Dingle is 
described as an expert on relativity". He makes 
no comment·on this bui later in his letter he says 
"Professor Dingle was a distinguished historian . 
of science". The subtle implication is that he 
must be regarded as an historian who had no 
right to be delving into such abstruse matters as 
the Theory of Relativity. This impression can 
best be corrected by quoting from his obituary 
in The Times of September 6th, 1978. 

"His 'Relativity for All' ( 1922) appeared at a time 
when it used to be said that only six men in the world 
understood the theory. If this had been true, Dingle 
must be rated high among the six for his little book 
showed a profound grasp of relativity as a physical 
theory combined with a capacity for presenting it, not 
as an esoteric mystery, but as a logical development of 
the mechanics of Newton". 

To this might have been added the comment 
that he met and discussed scientific matters with 
Einstein, a privilege that was denied to most of 
his critics. 

My other point concerns my uncle's love of 
good English. This was something he inherited 
from his father and shared with his brother. It 
led him to avoid jargon whenever possible. Dr · 
Wilkie, who evidently loves technical language, 
finds this very tiresome; he holds the remarka
ble view that plain English is ambiguous and 
jargon is precise. I know from my own profes
sion as a veterinary surgeon just how mistaken 
this is. Once people resort to jargon they make 
words mean whatever they want them to mean; 
one only has to recall what happened to 'param
eters' to realise that. 

I have not the knowledge to tell whether my 
uncle's beliefs were correct, but I confess I am 
not impressed by an opponent who admits to 
difficulty in expressing his case in plain English, 
and who links Herbert Dingle's supporters with 
people who believe the Earth to be flat. 'Flat 
Earthers', by the way, can be dealt with quite 
easily without resorting to technical language. 
P.] . Dingle 
King's Lynn 
Norfolk 

TELEVISION SETS FOR 
THE DEAF 
I am glad that Mr Power has pointed out that 
hearing impaired people will not necessarily get 
satisfactory listening via a manufacturer's 
installed outlet socket (May letters). When 15 
per cent of the adult population have hearing 
difficulties it seems appalling to me that none of 
the manufacturers pays attention to the prob
lem. 

I wrote my original letter to you with my 
tongue just a little in my cheek as I know more 
than a little about the problem. I was hoping to 
draw a hail of fire from the various manufactur
ers but only Decca had anything to say. 

May I conclude by saying that the problem is 
not for the hearing impaired alone; it is a prob
lem for their families and neighbours as well. 
One of the most common enquiries which I get 
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from the area around Southend is: "Can you do 
something for my dear old Mum/Dad, he/she 
wants the television so loud it is driving us up 
the wall!" 
Fred Holloway 
Rayleigh 
Essex 

·M AGNETIC RECORDING 
As an academic who has for some years been 
teaching the above topic, I have been most 
grateful to Wireless World for this fairly regular 
feature which has been used as a source of up
date information. With reference to the review 
by J. Moir in the March issue, I would like to 
take up four points. 

It is stated: "If the head gap is not at right
angles to the edge of the tape, the first zero in 
the response occurring at the frequency at 
which one edge of the recorded track is two half 
waves ahead of the other edge." 

'Whilst this is highly desirable, azimuth mis
alignment is most important for replaying pre
.recorded tapes. Slight mis-alignment goes unno
ticed if the machine replays one of its own 
recordings. 

"Though the actual bias frequency is not im
portant . . . the waveform of this bias signal is 
very significant." 

The frequency may be very critical in the case 
of a radio/recorder system. The latter part of the 
statement is inconsistent with the use of the 
frequency modulated luminance carrier used as 
bias signal for the chrominance component in 
v.c.r. systems. Have the effects of a non-sinu
soidal bias signal on audio distortion been mea
sured? 

"Print-through will obviously be reduced by · 
any increase in the thickness of either the tape 
or the coating." 

Whilst I agree that an increase in base 
thickness reduces print-through, an increase in 
coating thickness alone will, if anything, in
crease print-through. The thicker coating may 
now carry a greater magnitude of magnetic flux, 
particularly at lower frequencies, which in turn 
will induce a greater print-through into adjacent 
layers. 

Finally - a purely academic point - there is 
a continual interchange from imperial to metric 
measurements and the use of c.g.s. and SI units 
tended to detract attention from an 
otherwise most useful review. 
G. E. Lewis 
Canterbury College of Technology 
Canterbury, Kent 

The author replies: 
Mr Lewis raises a number of points that justify 
some additional comment, though I am not 
quite dear as to the meaning of his first p.oint. · 

Azimuth mis-alignment, i.e. the fact that the 
recorded track is not at right angles to the edge 
of the tape, is the situation responsible for the 
poor high frequency performance provided by 
many cassette recordings. As Mr Lewis com
ments,it is of no great significance if a recording 
is replayed on the machine on which it was 
recorded, but azimuth mis-alignment intro
duces considerable attenuation of the high fre
quencies if there is any significant difference in 
the gap alignment of the record and replay 
heads . Extensive experience in assessing the 
performance o( many hundreds of domestic 
machines suggests that few of them have the gap 
azimuth at right angles to the track edge, the 
standardised alignment location. 

The actual bias frequency is of no great im
portance as far as the magnetic recording 
process is involved, but there are often other 

(non-magnetic) reasons why one bias frequency 
has advantages over some other frequency. 
Beats between the bias frequency and a 
recorded frequency are a well known problem 
that can be reduced by shifting the bias fre
quency. Many of the better domestic machines 
actually include a control to allow the bias fre
quency to be shifted by a few kHz if 'birdie 
whistles' appear when the machine is used, par
ticularly with an f.m. receiver that has inade
quate suppression of the sub-carriers. 

It is well established that a distorted bias 
waveform is responsible for an increase in tape 
noise. Even harmonics in the bias supply are 
substantially equivalent to the addition of a d.c. 
component to the record head current. I know 
of no evidence that the distorted bias current 
leads to any significant .increase in the distortion 
of the audio signal. 

The extent of any print-through is a function 
of the tape base thickness and the temperature 
dependence of the magnetic properties of the 

·coating. The effect of an increase in coating 
thickness is to move the frequency spectrum of 
the print-through signal down the frequency 
spectrum where it is generally less significant. 

The choice ·of units is ·a perpetual problem. 
We are in a transition stage where several 
systems of units are in general use, so we com
monly fmd that some dimensions are currently 
quoted in imperial or metric units and others in 
c.g.s. or SI units. I quoted the parameters in the 
units in which they are currently commonly 
expres~ed . 
JamesMoir 

LOW~N OISE 
AM PLIFICATION 
In his "Introduction to low-noise amplifier de
sign" (April issue) Mr Foordfalls into the old 
booby trap of basing his method on tra.nsistor 
parameters which are not often published -
particularly remarkable in view of his introduc
tory remarks which recognize t~at "manufac
turers often fail to specify their transistor 
parameters in a convenient form". How many 
manufacturers specify rbb' in their ordinary data 
sheets? The Mullard technical handbook gives it 
in a "list of symbols for semiconductor devices" 
in the general explanatory notes, but never gives 
its numerical value; few other manufacturers 
even do that! 
].G.D. Pratt 
Leatherh_ead, Surrey 

The author replies: 
I did appreciate the problem that manufacturers 
do not specify rbb'. What I attempted to show in 
my article was that the collector current for the 
first stage of a pre-amp should always be chosen 
to be approximately correct for a given source 
resistance. If the source impedance is low, then 
rbb' does become significant. Unfortunately we 
have to use rbb'• or similar noise constants. 
There is no other way. I gave the table covering 
a few transistors as a guide. For more detailed 
work where llf noise is important rbb' can be 
split into two parts, and a llf break point and 
slope added. Motchenbacher and Fitchen give a 
comprehensive table for 20 transistors, indicat
ing four noise parameters for each 1. They also 
give excellent design equations for noise and 
gain, with practical results, for a great variety of 
circuits . This is the best single reference on low
noise design I have read . 

The most accurate measurement method for 
rbb' is by actually measuring thermal noise 
against frequency for different operating condi
tions. This is discussed by Unwin and Knott2

• 

To give reasonable noise parameters in their 
data sheets the manufacturers might have to 
measure up to four parameters for each tran-
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sistor. Under productions conditions this would 
introduce a lower yield (higher cost) if the 
parameters were guaranteed. 

In their transistor data book Motorola do give 
comprehensive curves of noise figure against 
frequency for quite a number of their tran
sistors. National Semiconductor publish a book
let which relates their type numbers with a par
ticular process, and gives some noise curves for 
their processes. 
A . Foord 
Malvern 
Worcs 

.References 
1. Motchenbacher & Fitchen. Low-noise Electronic 
Design, John Wiley & Sons, 1973. 
2. Unwin and Knott. Comparison of methods used for 
determining base spreading resistance, Proc. I.E.E ., 
voll27, part 1, no. 2, Aprill980, p.S3-61. 

INTE RFE RENCE FRO M 
M ICROS 
As a radio amateur I encountered the same kind 
of trouble as Hugh D . Ford (March letters) . 
when using my Motorola 6800 evaluation kit, 
Apple II and TRS80. I got rid of the interfer
ence by shielding the system completely, which 
is the least expensive measure in terms of time 
and money. Mains power is supplied through a 
filter and data ports are decoupled by by-pass 
capacitors. 

In my opinion today's microcomputers are 
very prone to cause radio frequency interfer
ence. This is made worse by the use of plastic 
cabinets, large p.c . boards, simple power 
supplies and a minimum of components used 
(decoupling capacitors). . , 

Suppliers of filters and shielding elements as, 
for instance, R.F.I. Shielding Ltd of Braintree, 
advise their customers on how to tackle the 
interference problem systematically. To my 
knowledge the only standardisation effort so far 
has been undertaken by Verband Deutscher 
Elektrotechniker (VDE . Verlag GmbH, Bis
marckstr. 33, D-100 Berlin 12) and details are 
discussed in VDE 0871 (radio interference 
suppression in high frequency equipment for 
ISM and similar purposes) and in VDE 1877 
(measurement of interference voltage and field 
strengths). 

The contribution "Controlling electromag
netic interference generated by a computer 
system" in the September 1979 issue of Hewlett 
Packard Journal gives an idea of the complexity 
of the problems involved. 

Application of such standards to commercial 
products would, however, mean a higher selling 
price. The FCC in the United States is setting 
specifications obliging designers · to ray more 
attention to e.m.i./r.f.i. problems (see EDN, 18 
February 1981). Of course a lot of articles have 
been written on this subject, such as: 

"FCC computing equi'pment e.m.i . stan
dards", EDN March 5, 1980. 

"E.m.i. susceptibility testing of computer 
system," Comp. Design, March 1980. 

"Design digital equipment to meet FCC stan
dard," EDN, June 5, 1980. 

"Good shielding techniques control e.m.i. 
andr.f.i.",EDN,February 18,1981. 

"Microcomputers and radio interference", 
QST, March 19, 1980. 

Yes, we must learn more in this widening 
field and training courses should be organized 
on e.m.i. control methods and procedures. A 
label "Approved by VDE" . or "Meets FCC 
rules" would certainly be an advantage in to
day's highly competitive markets. 
Decaunes Bernard 
Epalinges 
Switzerland 

www.americanradiohistory.com

www.americanradiohistory.com
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MICROCOMPUTERS 
FOR SCHOOLS 
While I cannot claim to be an expert in the field 
of microcomputers (I am a final year physics 
student), I would like to comment on your 
"Microcomputers in school" article in News of 
the Month in the June issue. While I agree that 
a price of £1,650 seems high for a school system 
comprising a single user station, it is worth 
noting that this is the price for the 'top of range' 
sy~tem wi~h dual double-sided mini-floppy disc 
dnves. It 1s further worth commenting that Re
search Machines are developing a network 
system to allow a number of workstations to 
access the disc drives, printer, etc., via a net
work controller in the main machine. The 
workstations will be able to operate indepen
dently of the network. The approximate cost of 
eac~ workstation is £500 for a 32K system; this I 
believe compares favourably with a system 
based around a number of Acorn Atoms. As yet 
the ZX81 does not, r.o my mind, offer sufficient 
sophistication, although there may well be a role 
for it as a secondary machine. 

In relation to the Government scheme, it is 
unfortunate that the half price offer only applies 
to those schools which have not yet made any 
effort to obtain a computer, so that in effect a 
school which 'saved' £1,600 out of capita
tion/p. t.a. funds previously will be penalised. 

I realise my comments may be biased towards 
the sophistication offered by the 380Z, first 
because I started in computing on the UMRCC 
mainframe system and secondly because, being 
a physicist, my programmes almost inevitably 
require the increased capability the larger 
machine offers. What is, I feel, of greatest im
portance is that, once certain machines are 
accepted as being standard, then this standard 
should be adhered to. At least it is important to 
~eep to a common dialect in whatever language 
Is used. 
A. R. Corless 
Department of Physics 
University of Manchester 

RADIO AMATEURS' 
EXAMINATION 
Comments have been made about the last Radio 
Amateurs Examination, City & Guilds No. 765, 
both in Wireless World (Pat Hawker, May issue, 
p. 54, July issue letters) and elsewhere, particu- · 
larly by radio amateurs over the air. These all 
tend to confirm my experience which casts 
serious doubt on the validity of the exam. 

I and two other licensed amateurs, ran a short 
course here last autumn for ILEA science 
teachers for the RAE. All those who attended 
regularly passed and many of them now have 
licences. We had a post-mortem after the exam 
from which I collected evidence from these 
teachers. They are all professionally involYed in 
teaching pupils for science exams and, as a 
body, well qualified to comment. Only if the 
exam is published could the following points be 
confirmed: 
I. At least two questions had no right answers. 
2. Some narrow topics were questioned more 
than once in the paper. 
3. Some questions were badly phrased and am
biguous so that competent graduate physicists 
were not sure of the expected answer. 
4. Some of the distractors of these multiple 
choice questions appeared too trivial, thus re
ducing the real validity of the exam. 
5. Some questions were pointless, hence again 
reducing the validity. (I think one question re
ferred to a nationality requirement for a Home 
Office licence - does it matter whether the 

candidate knows or not? His status will be exa
mined by the Home Office in due course 
whether or not he knows the answer - unless 
he fails the exam for not knowing!) 

As professionals from an examination 
~ta~d~oint, we feel this poor quality of examin
mg Wtll discredit those who hold a radio ama
teur licence. To have qualified from passing this 
exam means little in terms of radio expertise, 
rather more in terms of luck. It would be a pity 
if the matter were allowed to slip. The quality of 
operators co'.lling on the air can be judged by 
listening in. It varies from excellent to disgrace
ful. What exactly is the exam achieving? 

A stringent re-think leading to a rigorous 
exam is called for. The less serious amateur can 
now take refuge in the citizens bands. 
]. M. Osborne, GJHMO 
South London Science Centre 
Inner London Education Authority 
LondonSES 

MICROCHIPS AND 
MEGADEATHS 
In your November 1980 editorial "Microchips 
and megadeaths" you advocate that electronics 
engineers pull out of military electronics. Some 
recent letters on this topic have come under the 
title of "Ethics in action". The subject and title 
are unrelated. There is nothing ethical or un~ 
ethical in working on military electronics. There 
is, however, a painfully obvious ethical ques
tion in killing someone. Whether I use a piece of 
military electronics or a ball-peen hammer is 
neither here nor there. 

I feel that those people arguing for disarma
ment are not really concerned about wars and 
the associated killing. Rather they are only con
cerned that their necks are now on a nuclear 
chopping block. · 

Some people say that peace at any price is 
better than war. Any family run by this particu
lar ethic is not worth living in. Avoiding conflict 
in this manner results in intolerable situations 
being established that invariably lead to worse 
conflict at a future date. Military power exists 
for one reason. It is a tool of coercion. Its levers 
are the potential and actual death and destruc
tion that it can and does deliver. Military power 
can be used (the Iranian embassy siege) and 
abused (Czechoslovakia in 1968). Any form of 
power can be used and abused, be it police 
power, government power or parental power. 
Its use or abuse lies totally with the user. 

I am certain that if we did not have our mili
tary capability (and the will to use it when 
necessary) countries less scrupulous than ours 
would use their power to coerce us. However, if 
no person was willing to use death and destruc
tion to further his own aims we would not need 
any form of military power on this earth. 

So, the only way to a genuine peace is through 
the raising of the general ethic by which we all 
live together. My work in military electronics is 
(in its small way) buying time/by maintaining 
the balance of power. It is just a pity that people 
seem to find it easier to throw away their swords 
than to beat them into ploughshares. 
Adrien Belcourt 
Rochester 
Kent 

It is the most important fact of modern life 
that until we get nuclear weapons firmly under 
control we are living on time borrowed from 
Armageddon. We like to dress the nuclear arms 
race up in nice safe-sounding words like 'deter· 
renee' and 'security' and 'defence', but in reality 
the race is the mad dash of the lemming towards 
total destruction. 
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The points made by your correspondent L. 
G. Martin in the February issue require some 
response. His ftrst point is that your leader 
should have 'balanced' the account of the hor
rors of Hiroshima with consideration of the J a
panese treatment of prisoners of war. Does the 
concept of 'balance' really apply here and, if so, 
what is the relative 'weight' of fighting soldiers 
and innocent civilians, some of them young 
children. Does Mr Martin regard his children as 
responsible for the treatment of prisoners by the 
British army? In any case, surely the point was 
to illustrate the effects of nuclear weapons, not 
to comment on the morality of a particular inst
ance of their use. 

To move on to the second point in Mr Mar
tin's letter, it is unlikely that engineers in any 
country would be asked to voice their opinion 
on the use made by their government of their 
expertise -but that does not release them from 
the responsibility to do so, or from their per
sonal responsibility for their work. Our cele
brated Western freedom is illusory if we so 
easily enslave ourselves to the militarists. 

The rest of Mr Martin's letter consists of a 
highly simplistic analysis of the likely results of 
disarmament. The first point which should be 
made is that Britain is not a super-power and 
that many of the world's small countries manage 
to live in peace and freedom with only small 
conventional defence forces. But granting that; 
for the present, Britain is going to remain within 
NATO, unilateral renunciation of nuclear arms 
would reduce the risk of the country becoming a 
target and would put pressure on the Americans 
to adopt a more constructive and urgent ap
proach to arms control negotiations. However, 
even if Mr Martin's simplifications were cor
rect, and we were faced with the stark choice 
between "keeping our weapons" (and hence the 
certainty probably sooner, possibly later, of 
nuclear war) and "world-wide communism 
complete with its psychiatric hospitals for dissi
dents" - I know which I would prefer. I think 
that if Mr Martin had the imagination to con
ceive what nuclear war - the ultimate denial of 
freedom- would really be like, he would agree 
with me. 

Finally let me echo Mr Francksen's articulate 
praise of Wireless World's broadening of interest. 
But could we please have more full-length arti
cles on the wider aspects of engineering? Some 
day engineers will realise that the difference in 
status between them and, say, doctors has more 
to do with breadth of interest, social conscience 
and ethics than with what they quaintly call 
'remuneration'. 
]ohnHind 
Belfast 
N orchern Ireland 

JAMES CLERK 
MAXWELL 
I welcome your efforts to lead the mind of your 
reader beyond the technical through a discus
sion of e-m theory. The article on James Clerk 
Maxwell in the March and May issues is 
thought-provoking but I think it is a little out of 
contact with reality, as were previous ones. 
Should the article be serious, it might be 
acceptable as vulgarisation for readers without 
contact with physics and without the ability to 
understand the principles, but its standard does 
not do justice to engineers. 

My criticism is directed towards the author's 
misrepresentation of facts and ideas, not the 
questioning of theories. A few examples: the 
reader is given a misleading picture of the Mi
chelson-Morley experiment: he is side-tracked 
into Doppler effects instead of being presented 
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with the important result: the absence of phase 
shift between beams upon rotation. It is 
pointless to state that the experiment proves 
nothing as experiments don't prove theories, 
they test them. Elsewhere the author incorrectly 
represents Lorentz contraction (second order in 
vic and of constant sign) as derivable from the 
very different Doppler effect (first order in vic 
and so potentially of both signs). I am also 
unable to find meaning in many of his state
ments on energy conservation and composition 
of velocities. 

A good discussion of the implication of the 
Michelson-Morley experiment can be found in: 
A. S. Eddington, "The Mathematical Theory of 
Relativity", Cambridge University Press, 2nd 
edition. 

The editor's problem might be to obtain or 
encourage criticism of existing theory which is 
honest and at least partly valid as well as being 
imaginative and attractive to his reader. The 
problem is a difficult one since more than a huff 
and a puff are needed to bring down modern 
physics. May we look forward to more substan
tial attempts? 
T. de Limelette 
LondonNWl 

The author replies 
T. de Limelette enjoys Eddington's mathemat
ics. The author of any good book on physics will 
take his reader along a mathematical route from 
Newton's laws of motion to the law of the 
conservation of energy and return via a different 
mathematical route to Newton's laws, only if 
Newton's time and space and its one dimension 
length, are absolute or concrete. All units of 
Newton's laws can be derived from the three 
fm1damental units of mass, time and length, and 
if their dimensions are not universally concrete, 
for any reason, the mathematical route from 
Newton's laws to the conservation law will ma
thematically either generate or destroy an infi
nite amount of energy. Maxwell said on page 2 
of his Treatise "A knowledge of the dimensions 
of units furnishes a test which ought to be ap~ 
plied to the equations resulting from any 
lengthened investigation. The dimensions of 
every term of such an equation, with respect to 
each of the three fundamental units must be the 
same. If not the equation is absurd." Maxwell's 
mathematics were immaculate. I have merely 
applied Maxwell's test to the equations of mod
ern theory. The equations are absurd. I fail to 
see how the adroit and deliberately secretive 
manipulation of the three fundamental units can 
be described as honest. 
M. G. Wellard 

SLOTTED CYLINDER 
AERIALS 
In June letters Mr James referred to propagation 
tests carried out by Philips and suggested that 
better results would have been obtained. at the 
higher frequencies (928MHz) if a form of 
slotted cylinder aerial had been used instead of a 
quarter wave whip. 

Earlier this year the RSGB performed some 
similar propagation experiments in the 
1296MHz amateur band using horizontal polari
sation and the aerials to which Mr James refers 
in order to examine the potential of these fre
quencies; a copy of the resulting paper was sent 
to the Home Office for their information. 

This aerial is also known as the Alford slot, 
and is in some ways analagous to the vertically 
polarised co-linear. It produces horizontal pola
risation with an omnidirectional pattern in the 
horizontal plane, and achieves gain by reducing 
the beamwidth in the vertical plane. Those used 
in our tests were made from thin walled metal 

tube; 3cm diameter and 48cm long, with a slot 
about O.Scm wide along their length. 

The edges of the slot in fact form a twin wire 
transmission line which is continuously loaded 
by a shunt inductance formed by the rest of the 
cylinder. The phase velocity of a wave travelling 
along the slot can then be several times that of 
the free space velocity, in this case four times, 
and so the distribution of the electric field along 
the slot can be a single electrical half wave over a 
slot that is physically two wavelengths long. 
Thus the whole aperture is fed in phase, and a 
gain of about 6dBi was measured. Higher gains 
could be achieved by using a longer tube and 
higher phase velocity. . 

These aerials were used at each end of both 
fixed-to-mobile and mobile-to-mobile links with 
receivers with 2dB noise figures, and one watt 
transmitters giving an e.i.r.p. of 4W. 

Typical ranges were as follows: 
Central London < 1 to 3km 
suburbs 2 to Skm 
country 3 to 8km 
Maximum range between well sited mobiles was 
about 20km. 

N. b.f.m. (8kHz bandwidth) was used for 
most of the tests and was found to be superior at 
shorter ranges. S.s.b. increased the maximum 
range, but at short and medium ranges the 
severe multipath effects in urban areas rendered 
the s.s.b. almost unintelligible at times. 

Throughout the tests 3W of 144MHz s.s.b. 
into Sis whips was used for talkback, and gave a 
more uniform coverage than the 1296MHz 
without suffering from the multipath effects. 

The Alford slot aerials have also been in use 
for three years on a 1296MHz beacon 
(GB3IOW) on the Isle of Wight, and it is hoped 
that they will be used on some of the experimen
tal repeaters proposed for the 1296MHz band. 
.]; N. Gannaway, G3YGF 
Oxford 

.IS LIGHT VELOCITY A 
CONSTANT? 
It would be difficult to imagine a more unscien
tific experiment than the one referred to in May 
letters by D.A. Bell in support of the theory of 
relativity. The four clocks were flown round the 
world by J .C. Hafele and R.E. Keating not 
separately but in one batch and not in one flight 
but in commercial aircraft from airport to air
port, subject to landing and take-off at each 
stage. Hafele and Keating admitted that the 
time-keeping qualities of atomic clocks vary 
with varying physical conditions but claimed 
that there are no environmental effects which 
would uniformly decrease or increase all four 
clocks and that a random distribution for the 
time drifts would be expected unless relativity 
was active. In fact, since all four clocks were 
subject to exactly the same changing environ
mental conditions in the same aircraft, one 
would except their time drifts to be identical. 
All that the experiment showed is that atomic 
clocks will drift in changing physical conditions. 
If the four clocks had been flown separately over 
the same route in different aircraft at different 
times the experiment may have had some valid
ity and a very different result would no doubt 
have been obtained. 

In the interminable argument about time-di
lation it has always been claimed that time goes 
slower for a body in motion relative to the earth. 
In this case whatever correction may be applied 
to the aircraft's ground speed (there is no such 
thing as a stationary frame in Einstein's relativ
ity) the airborne clocks had a velocity, the direc
tion of which is immaterial since time-dilation is 
a function of v2, relative to the earth. According 
to the Special Theory the airborne clocks should 
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have lost on both occasions whereas on one 
flight they actually gained. As Alice might have 
said, what a strange sort of Through-the
Looking-Glass world where a contrary result is 
held to verify a theory! 
EricH olland 
Kirkella, North Humberside 

HISTORICAL 
EQUIPMENT STOLEN 
During the morning of 25th February 1981 a 
man· gained access, by deception, to the foyer of 
the New Street, Chelmsford, premises of The 
Marconi Company. He managed to remove a 
valuable exhibit from the permanent display of 
historical Marconi radio equipment. Ch:Ulenged 
by security staff, he succeeded in breaking out 
into the street, where in the subsequent chase, 
he made his escape. 

The stolen item is a 1907 Multiple Tuner (see 
photo). It is readily identifiable by the serial 
number 8015 beneath the -legend 'Marconi's 
Wireless Telegraph Co Ltd'. · 

Should any collector be offered this item he 
should note that it is stolen. As such the police, 
or the Historian, The Marconi Company 
Limited, Marconi House, Chelmsford, England 
(telephone 0245-353221) would wish to hear 
about it. 
W. T. T. Prince 
Marconi House 
C~elmsford, Essex 

CB RADIO AND 
RC MODELS 
Your columnist Pat Hawker is only partly cor
rect when he states that radio control modellers 
have been offered alternative frequencies 
(World of Amateur Radio, April issue). It is 
true that a new frequency (35MHz) is now avail
able but it is only for the use of model aircraft. 
Therefore all other radio modellers with 27 MHz 
equipment have a continuing problem. 

It is probably not widely known that because 
of increasing a.m. c. b. interference most radio 
control equipment is now f.m. The Govern
ment's proposals will therefore have the greatest 
effect on those who have purchased equipment 
in the last few years. These modellers will 
therefore have to convert to 35MHz if they fly 
aircraft (costing £20-30) or purchase 459MHz 
equipment (costing about £200) if they operate 
in an area where c. b. interference is obtrusive. 

As it is unlikely that the illegal a.m. c.b. 
operators will change equipment then both 
model control and the paging systems are likely 
to become completely unusable. 

I believe the only honourable course for the 
Government to take now would be to provide 
another radio control band for non-aircraft use. 
This should be as near as possible to the present 
band so that equipment can be re-tuned andre
crystalled at minimum cost. The c. b. operators 
should also be asked to pay a licence fee which 
would be used to reimburse modellers for · the 
conversion costs. 
T. E. Wakes 
Lighcwater; Surrey 
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Satellite tracking 
by home computer 

Both software and aerial rotator interface for the scientific computer 
by Neoklis Kyriazis, B.Sc. 

This two-part article describes a 
tracking system for circular orbiting 
satellites using the Wireless World 
scientific computer. Part one, this 
issue, deals with the interface circuit 
for controlling the aerial azimuth and 
elevation angles, and with aerial 
rotators and their mountings. In the 
next section, the Basic/machine-code 
program will be presented. This 
program processes the satellite orbit 
parameters and converts data for use 
with the interface. 

Many home computers are capable of 
handling the arithmetic necessary for 
tracking a satellite but they require large 
amounts of software to make them behave 
as a numeric calculator. The Z80/MM57109 
combination used in the Wireless World 
scientific computer enables the complex 
trigonometry involved in satellite elevation 
and azimuth angle calculations to be 
processed with a minimum of software. 
For the program used here, the Mklll 
BURP interpreter must be installed in the 
computer. 

Although the program was written for 
tracking the Amsat Oscar series, any satell
ite on a circular orbit can be tracked by 
inserting the relevant parameters in the 
BURP program. 

. Aerials and rotators 
The aerial system used by the author for 
tracking Oscars 7 and 8 comprises two 
yagis; one of eight elements for 145.9MHz 
and one of 16 elements for 435.1MHz. 
One aerial is mounted at each end of a 
1.5m lorig tube supported centrally by a 
rotator which controls the elevation angle. 
The rotator is mounted on a metal plate 
with a tube welded underneath it which is 
supported by a second rotator for control
ling the azimuth angle. 

The Alliance U-200 'Tenna rotor' type 
aerial rotators used by the author have a 
four-core control cable; two of these cores 
are . for forward/reverse control of the 
motor, one for the ground connection and 
one is connected to a cam switch that 
closes and opens for every 10° rotation of 
the driven shaft. Semi-air spaced 75 ohm 
coaxial cable is used to feed the aerials. 
This type of cable is efficient even at u.h.f. 
but a masthead pre-amp is required for 
Mode J down-links. Note that in the 
system described here, aerial elevation is 
increased by counter-clockwise rotation of 
its rotator while the inverse applies for the 
azimuth rotator. 

There is a mechanical stop in the rota
tors used by the author which prevents the 
aerials turning through more than 360°. 
This means that if the satellite's azimuth 
changes from 0° to 360° the rotator must 
turn through 360° before it can resume 
tracking. As it takes more than a minute 
for the rotator to make one full turn, the 
program is arranged so that it calculates 
orbits passing north of the ground station 
and adds 180° to the result while keeping 
180° elevation so that the aerials rotate in 
the right direction. The same problem 
does not apply to the elevation rotator. 

The interface 
Digital information from the computer 
drives the two aerial rotators via an in
terface. This interface also conveys in
formation relating to the positions of the 
aerials back to the computer. As 
mentioned earlier, a cam switch on the 
shafts of the rotators opens and closes for 
every 10° of shaft rotation. One contact of 
the switch is connected internally to 
ground and the other is tied externally to 
+ 5V via a 2k2 ohm resistor. A 100~-tF 
capacitor and a 220 ohm resistor are used 
at these connections as a.c. caused by 
switching high motor currents may affect 
the operation of the computer. 

Each time the cam switch closes and 
opens, the voltage across one of the two 
100~-tF capacitors shown in Fig. 1 produces 
an '0' level pulse which is fed into the 
computer via the 0 input port. The 
program counts these pulses to keep track 
of the aerial position and although resolu
tion is only 10°, reception of Amsat Oscar 
8 in Mode J using a 16-element yagi is not 
affected by the error. If a highly direc
tional aerial is to be used, some more accu
rate method of feedback may be needed. 

Each rotator motor has two windings at 
90° to each other. One end of each winding 
is connected to ground and a 150~-tF non
polarized· capacitor is connected between 
the other two supply inputs. The capacitor 
provides phase shift in the alternating cur
rent supplied to one of the rotor windings. 
Two relays_are used for each rotator; one 
to switch the 24V supply from one winding 
to the other to determine the direction of 
rotation and one to switch the supply in 
and out. The serial output of the computer 
is used to control the motors via a CD40 r'5 
serial-in/parallel-out shift register which 
drives the relay coils through four buffer 
transistors. 

An accurate timer is needed to provide 

the program with real-time information. 
For this purpose a mains-frequency di
vider chain consisting of a 7 400 and three 
7490 i.cs is used to produce a short pulse 
every 10 seconds. This pulse activates the 
maskable interrupt of the Z80 and sends 
the processor to a routine that increments 
the value of the real-time variable, named 
T in the BURP program, by 1/360 hours, 
i.e., 10 seconds. Since the INT pin of the 
Z80 is used by the MM57109 some simple 
modifications are necessary to give an OR 
function between the timer and the 
number cruncher, details of which will be 
given later. 

Circuit details 
Figure 1 shows the complete circuit dia
gram of the rotator controller. Transfor
mer T1 supplies 24V a.c. for the rotator 
motors and 10V a.c. for the rest of the 
circuit. Diode Ds and a 2200~-tF capacitor 
provide 12V d.c. for the relay coils and for 
the SV regulator which supplies the 
CD4015 c.m.o.s. shift register and the 
timer section i.cs. Logic signals to and 
from the computer are fed through a 6-way 
DIN socket and to and from the rotators 
via two S-way DIN sockets. The buffered 
D7 line from the computer is connected to 
the data input of the CD4015 at pin 7 while 
a clock pulse to pins 1 and 9 of the i.e. is 
supplied from pin 10 ofiC2• 

Thus, a control word from the computer 
is fed to the CD40 15 in serial form from 
output port HEX AO. The parallel out
puts QO to Q3 drive transistors Tr1 to Tr4 
through 1k ohm resistors and any spurious 
pulses created during serial data transfer 
are bypassed through 47nF capacitors. 
Outputs QO to Q3 of the 4015 are not used 
but are available for controlling additional 
circuits if required. Transistors Tr1 to Tr4 
drive the four relay coils from the c.m.o.s. 
shift register outputs so they should have a 
high hFE· Darlington pairs can be used if 
necessary. 

Relays RLA 1 and RLC 1 switch the 
direction of the elevation ·and azimuth 
motors respectively while RLB1 and RLD 1 
switch the 24V a.c. supply to the motors 
on or off. Each rotator cam switch output 
is tied to the +SV supply through a 2.2k 
ohm resistor and a 220 ohm series' resistor 
and 100~-tF bypass capacitor in each line 
prevent a.c. from the motor ground re
turns passing through to the computer in
put. When a cam switch is closed a logic '1' 
is seen by the computer and when a switch 
is open a logic '0'. Switch Sz, between 
ground and the azimuth cam switch input 
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to the computer' signals the program not 
to operate the rotator motors when closed. 

Mains frequency is used as a reference 
for the ten-second interrupt pulses. Two 
gates of a 7 400 are used as a Schmitt trig
ger to give a rectangular wave from the 
transformer secondary voltage. This 50Hz 
signal is divided by five by the first 7490 
and then by ten in both of the following 
7490s to give an output of 0.1Hz which is 
differentiated by a 2.2!J.F capacitor and lOk 
ohm resistor in parallel. The resulting nar
row pulse is fed through the remaining two 
gates of the 7400, ·also connected as a 
Schmitt trigger, to the INT input of the 
Z80. Switch S~, connected to the reset 
input of the 7490 dividers, is used to start 
and stop the· timer manually so that it can 
be synchronized with real time. · 

Computer modifications 
As a pulse from the timer can occur while 
the program is controlling the rotators, 
1M2 (interrupt mode two) is used so that 
the processor can be directed to the in
terrupt service routine anywhere in the 

RECHAR GI NG DRY 
CELLS 
Mr Hickman, in his article "Battery powered 
instruments" (February 1981 issue), states that 
the recharging of dry cells is both futile and 
dangerous. I wonder what I have been doing 
wrong for the past six years. As a keen cyclist, 
with a preference for battery powered lamps, I 
have a potential use of zinc carbon primary cells 
amounting to about twelve sets through the 
winter months. Recharging reduced this to one 
set. 

The method used was originally published in 
Wireless World in October 1955 in an article by 
R. W. Hallows and has more recently been the 
subject of a patent application 
(PCT/S£79/00091) by K.J . Rostlund. It 
involves the use of a leaky rectifier to partially 
reverse the _charging current during alternate 
half cycles of an a.c. supply. For my applica
tion, that of charging SP2 cells, a net charging 
current of lOOmA is applied to the cells. This is 
produced by a forward component of mean 
value 200mA and a reverse component of 
lOOmA. Under these conditions the cell voltage 
does not exceed 1.55V - an important require
ment in view of the over-run filaments in stan
dard lamps. 

An interesting aspect of the technique is the 
apparent reduction of internal resistance, the 
charged cells having similar characteristics to 
HP2 cells. The principle is illustrated by the 

s · 

program. When 1M2 is specified the 
processor will look for an eight-bit in
terrupt vector; which must be supplied by 
the interruptor. Since the RD/WR and 
MREQ lines are inactive during an in
terrupt cycle the bi-directional drivers at 
the data pins of the Z80 remain in their 
high-impedance state. Hence, the Z80 is 
liable to read a random vector unless the 
Z80 data lines are tied to either logic state. 

In this design, the data lines are tied to 
ground through 1 Ok ohm resistors so that · 
the processor will read a HEX 00 interrupt 
vector, which is half of a 16-bit interrupt 
vector whose upper half is provided by the 
program. The 16-bit pointer thus formed 
is used as the address of the memory loca
tion from which the starting address of the 
interrupt routine is loaded into the instruc
tion pointer. In this program, the interrupt 
register is loaded with HEX 16 so that the 
starting address of the interrupt service 
routine must be in location 1600. This 
location contains 02 16 so the routine be
gins from 1602. 

With the Mklll BURP monitor the INT 
pin of the Z80 is used by the MM57109 for 
number transfer so it is necessary to pro-

accompanying sketch and, whilst it may., be 
argued that the method is inefficient, with prim
ary battery power at about £100 per kWh, it 
represents a considerable saving. With S open' 
Rz is adjusted for an indicated 200mA. With S 
dosed- R1 is adjusted to reduce the indication to 
lOOmA. 
D.P. Caudrey . 
Newbury, Berks 

The author replies: 
My article did indeed discourage the idea of 
recharging zinc/carbon primary cells and bat
teries and I think that this is the 'fail-safe' ap
proach for those who might otherwise have at
tempted recharging without first ascertaining 
the necessary techniques and precautions. 

I too have a copy of R.W. Hallows's 1955 
article, but .it must be borne in mind that in 
those days the outer strength member of a prim
ary cell was a very substantial zinc pot, alias the 
negative pole of the cell. Nowadays, single cells 
are all of 'leakproof construction and wear a 
steel corset, allowing a considerable economy in 
the amount of zinc used. For this reason the 
author considered recharging by whatever 
means unlikely to be successful, and quoted the 
view of a major battery manufacturer on the 
topic. 

It is interesting to learn of Mr Caudrey's 
successful results with recharging, but I guess 
that the cells are not nearly exhausted before 
being recharged. Hallows's original article des
cribed the spongy uneven redeposition of zinc 
with d. c. charging and contrasted it with the 
dense even thickness of the zinc pot even after 
frequent recharging with a larger a.c. compo
nent superimposed on the net d.c. charging 
layer type batteries (which I use more than 
single cells) though I fear this is likely to prove 
more difficult . The main problem with layer 
batteries is that any evolution of gas simply 
forces the layers apart~ resulting in an open-cir
~uit battery. However l if the a.c. component in 
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vide an OR function between this pin and 
the timer. Spare gates on the computer 
board can be used for this purpose as fol
lows. Connect pin 22 of IC6 to pin 13 of 
IC7 instead ofto pin 16 ofiC1 using passive 
pull-down resistors of 10k ohm to ground. 
The timer's output is connected to pin 12 
of IC7 via one pin of a 6-way DIN socket 
used to connect the computer with the 
controller/timer. Pin 11 ofiC7 then goes to 
pin 13 of IC14 and finally, connect pin 12 
ofiC14 to pin 16 ofiC1. 

With these connections the MM57109 
and the timer can share the INT pin of the 
processor. Pins 6 and 10 of 1Cs3 are also 
connected to the DIN socket and through 
a screened cable to the rotator cam 
switches. ICs3 is wired to input port HEX 
00 and provides six inputs to the proces
sor, one of which is used by the cassette 
interface. The azimuth cam switch goes to 
bit 2 of the data bus and the elevation cam 
switch to bit 1. BitO is used by the cassette 
interface. Two pins of the DIN socket are 
used by the buffered D7 line and the clock 
pulse, which is active when output port 
HEX AO is used, from pin 10 ofiC2• 

To be continued 

"dirty d.c." charging prevents the evolution of 
free gas; even layer batteries may prove re
chargeable. 

It would be interesting to hear if any readers 
have successfully extended the life of layer bat
teries by recharging. 
/an Hickman 

INVENTION OF STEREO 
RECORDING . 
One of the answers to the question of the prior
ity of Blumlein's work, raised by Reg Wil
liamson in your June issue. is straightforward 
enough. Blumlein's British Patent 394,325 was 
applied for on 14th December 1931. Both hill 
and dale/lateral and 45°/45° methods of 
recording are dealt with. One had always 
supposed that Blumlein was the originator . of 
the whole idea of recording tWQ signals on a 
single groove. 

But was he? I now see that Blumlein's provi
sional specification contains this passage (p. 6: U 
54 - SO) describing somethiJ;Ig which he pre
sumably knew of and acknowledged at the time 
of application: 

"For the purposes of television previous 
proposals have been made whereby a wax disc 
has a sound record as a hill and dale cut and a 
picture record as a laterally cut V -shaped groove 
at the bottom of the hill and dale groove or vice 
versa." 

He goes on to say that this kind of record 
would be of no use for two unrelated sound 
signals because of crosstalk> but could be used 
for stereo signals because a small amount of 
•Crosstalk could be to!~rated or allowed for . He 
is too polite to say that it would be of no use for 
sound and vision signals for television - even 
for low definition! 
W.J. Cluff 
LondonNW7 
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Radio and the birth of the universe 
The cosmic microwave background in the Big B_ang theory 

The radiation which mediated the 
proce·sses of nucleosynthesis at the 
birth of the universe and controlled 
_the helium/hydrogen radio prevailing 
ever since is that, cooled by adiabatic 
expansion, now described as the 3K 
cosmic microwave background. This 
·article first reviews the growth of 
radio astronomy from the 1940s until 
1964 when Arno Penzias and Robert 
Wilson made their momentous 
discovery of t his cosmic radiation 
background. It outlines the m easuring 
programme and t he immediate 
explanation of t he radiation offered 
by Dicke and his colleagues. Also it 
deals w ith the measurem entS. 

·· performed to det ermine the degree of 
anisotropy in the radio background 
and describes how the antenna 
temperature variation led to a 
det ermination of the " peculiar" 
velocity of the galaxy. The t heory of 
the " hot big bang" is t ouched upon 
and there is a summary of the modern 
state of t he theory which has been 
able to bu ild upon the essential fact 
supplied by t he temperature 
measurement of 3K of the noise 
.background - the ratio of t he number 
of phot ons t o the number of nucleons. 

When Kail Jan sky set up his aerial and 
receiver system at Holmdel, New Jersey, 
in August 1931, his purpose was not to 
launch the science of radio astronomy but 
simply to assess the interference from at
mospherics that might occur with new 
radio circuits planned to operate in the h.f. 
band (2-30MHz). From the inception of 
wireless telegraphy in 1896 long waves had 
dominated world radio communications 
but in the 1920s Marconi showed that cost 
effective radio systems could be engi
neered using the so-called short waves. 
Jansky recognised that the commercial 
success of such high frequency radio com
munication circuits depended upon a good 
understanding of atmospheric interference 
effects. Such interference was familiar at 
long waves and varied with the seasons of 
the year and time of day; little experience . 
of interference at short waves had been 
accumulated, however, and these were the 
effects which Jansky set out to investigate. 

His aerial consisted of a wooden frame, 
rotatable about a vertical axis, on which 

This article is reprinted from The Marconi Re
view, Vol. XLIII, No. 218, Third Quarter 
1980, by kind permission of the editor. 

by Eric Eastwood, F.R.S. 

was mounted an array of dipoles with re
.flectors . A horizontal aperture of two 
wavelengths at the operational frequency' 
of 20MHz was employed and provided a 
rather broad beam radiation pattern but 
with useful suppression of the back lobe. 
The magnitude of the received noise signal . 
was recorded together with time and azi
muth of arrival. As he expected, Jansky 
found static attributable to both local and 
remote thunder~torms but what made his 
study justly famous was the detection of a 
weak but steady noise signal which 
"caused a hiss in the phones that could 
hardly be distinguished from the hiss 
caused by set noise" . This signal was not 
isotropic aRd the directional variation 
which took place over the first three 
months of observation caused him to 
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G 

conclude that the sun was somehow 
involved 1. When the observations had 
been maintained over a period long enough 
to establish the pattern of seasonal change, 
however, he was able to show that the 
radiation was coming from a fixed direc
tion in space, in fact from the general 
direction of the central region of the gal
axy, with the maximum signal being re
ceived from the direction of the constella
tion Saggitarius2• 

Jansky speculated upon possible causes 
of the radiation and considered radiation 

·from the stars themselves but hesitated to 
urge this strongly since he had failed to 

Fig. 1. Solar (S) and galactic (G) noise 
signals on the p.p.i. of a metric wave radar. 
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detect any radiation from the sun (we now 
know that this was because the sun was in 
a quiet period). He appeared to favour an 
analogy with the Johnson noise developed 
by a resistor, pointing out that there was 
much interstellar matter in the galaxy, 
probably charged, and at a high tempera
ture and therefore in thermal motion as 
with the electrons in a resistor. His propo
sal was not wholly incorrect but there the 
matter rested and this important first 
discovery of radioastronomy was not fol
lowed up for some years3• 

Jansky's observation is conveniently 
illustrated in Fig. 1 which shows the ap
pearance of a p .p.i. radar tube displaying 
the signal from an experimental radar an
tenna used as a passive receiver which was 
not unlike the array originally employed 
by Jansky but giving a much sharper beam 
and with reduced side-lobes. An array o{ 
96 horizontal dipoles was arranged in 24 
vertical stacks and, at the operational fre
quency of 215MHz, yielded _a horizontal 
beam width of 3° The purpose of this 

particular set of measurements was to as
sess the variation in the horizontal radia
tion pattern of the array using the sun as a 
noise source at infinity. Serendipity 
played its part in these observations, for in 
the p.p.i. record of Fig. 1 is shown the 
diurnal motion of the noise signal from a 
very active sun (marked with an S) but also 
the presence of a second signal designated 
G. This second signal showed a sidereal 
rate of revolution and was found to corre
spond to the general direction of the galac
tic centre, thus repeating very vividly J ans
ky's original observation - thanks to the 
excellent integrating power of the cathode 
ray tube phosphor4

• 

Growth of radio astronomy 
That the investigation of the radio emis
sions from the galaxy which had been ob
served by Jansky was not vigorously pur
sued by astronomers was probably 
attributable to their unfamiliarity with 
radio and electronic techniques. Radio 
scientists at that time who might have 
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taken up the study were fully occupied on 
ionospheric and propagation studies and 
the related sun-earth relationships, includ
ing magnetic phenomena. It has also to be 
remembered that the decade of the thirties 
was the period when the principles of radar 
were being intensively ·but secretly re
searched by all the future participants in 
the second world war. These new radio 
techniques, developed for essentially mili
tary purposes by scientists and engineers 
working in close collaboration with the 
military services, would ultimately make 
an invaluable contribution to the science of 
radio astronomy. 

·Nevertheless some radio astronomical 
observations were made even during the 
war. Thus Reber in the USA working with 
a 30-foot parabolic antenna of his own 
construction plotted contours of noise 
emissions from the galaxy at a frequency of 
160MH z and so greatly extended Jansky's 
original observations. Serendipity played a 
part through observations made from 
operational military radar stations. Thus 

Theory of the expanding universe great success to measure the distances of 
the nearer nebulae, but for fainter and 
more remote nebulae the Cepheids could 
no longer be identified and measured . 
Nevertheless, Hubble perservered with his 
distance measuring programme, basing it 
upon lu,minosity measurements of iden
tifiable bright stars . By 1929 Hubble was 
able to combine his distance measurements 
with Slipher's spectroscopically deter
mined radial velocities and showed that the 
velocity was roughly proportional to the 
distance. This work continued until 1936 
with distances of still fainter galaxies being 
estimated from the luminosity of the gal
axy as a whole (up to about 240 million 
light years) and with velocities provided by 
the spectroscopist Milton Humason. 
Nevertheless, the linear relation between 
velocity and distance was maintained, i.e. 
velocity equals constant times the radial 
distance, with the constant becoming ap
propriately known as Hubble's Constant 
(H). Apart from a few nearer galaxies, 
including the Andromeda spiral, ail the 
velocities measured were velocities of re
cession, i.e. the spectrum lines were 
shifted towards the red. 

Improvements in telescopes during the 
. early 18th century were such that astro
nomers were able to distinguish clearly 
between the stars as point sources of light 
and other more extended luminous regions 
which appeared as small, faint "clouds", 
hence the name given to them - nebulae. 
The philosopher Immanuel Kant writing 
in 175 5 held that many of the nebulae were 
probably assemblies of stars like our own 
Milky Way (the local galaxy, from galaxias = milk) and should be regarded as "island 
universes". 

Kant's view did not prevail until 170 
years later; meanwhile, nebula plotting 
was pursued with such good effect by Sir 
William Herschel, the musician turned as
tronomer who discovered the planet Ura
nus in 1781, and later by his son, Sir John 
Herschel, that by 1864 the Catalogue of 
Nebulae published by the latter contained 
over five thousand entries. Yet the nature 
and locations of the nebulae remained un
decided, although some of them were by 
this time considered to be glowing gas 
clouds lying within the local galaxy. About 
this time the spectroscope was married to 
the telescope, to increase very significantly 
the astronomer's powers for obtaining in
formation about the stars. In this way Sir 
Norman Lockyer in 1868 identified the 
element helium from the sun's spectr~m, 
·while Sir William Huggins, in the same 
year, detected the shift of the absorption 
lines in certain stellar spectra. He attri
buted the wavelength displacement to the 
Doppler effect so giving the radial velocity 
of the star with respect to the earth. By the 
turn of the century it had been established 
that while the more obviously cloud-like 
nebulae lying within the Milky Way gave 
bright line emission spectra, i.e. they were · 
indeed glowing gas clouds, other nebulae 
showed spectra crossed by dark absorption 
lines similar to those of stars. It was found 
by Slipher that the absorption lines of most 
of the nebulae he observed were shifted 
towards the red and corresponded to quite 
high radial velocities of recession; this sug-

gested that such nebulae must lie outside 
the local galaxy. 

In 1923 Edwin Hubble, using the new 
100-inch telescope of the Mount Wilson 
observatory, finally settled the matter by 
showing that portions of the Andromeda 
spiral nebula could be resolved into indi
vidual stars. More important still was his 
discovery of some Cepheid variable stars in 
the nebula which permitted him to assess 
its distance as about 800,000 light years 
and so well outside the local galaxy (diame
ter ~ 100,000 light years). Thus Kant's 
speculation on the nebulae as "island uni
verses" was substantially vindicated. • 

The variable star Delta Cephei and 
similar stars were studied by Henrietta 
Leavitt in 1912 when she showed that the 
absolute luminosity correlated with its 
period of variation. It was later shown by 
the Doppler shift of the spectrum lines 
that the surface of such a star actually 
oscillates radially. Cepheid variables pro
vide the astronomer with a very convenient 
means of measuring stellar distances, for 
determination of the period gives the star's 
absolute luminosity which, by comparison 
with the apparent luminosity as observed 

· through the telescope, yields the distance. 
Hubble employed this technique with 

Velocity of B relative to A oc AB 
Velocity of B relative to C oc C B 
Velocity of C relative to A oc AC 

When newer telescopes became avail
able after the war, such as the Palomar 
200-inch, the measurements were contin
ued but the broad features of Hubble's 
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radio noise from the sun during a period of 
sunspot and flare activity was detected and 
measured in 1942 and again in 1945 over a 
band of radar frequencies (20-lOOMHz). · 
Radars operating in the 20-80MHz band 
deployed by the RAF and the Army for 
detecting and tracking V2 missiles in 
1944/45 also proved capable of performing 
the same function on meteors penetrating 
the earth's atmosphere, thus initiating the 
study of meteor astronomy by radar. J>arti
cularly important was the use of the army 
equipment to map with much greater 
precision the noise signals emitted by the 
Milky Way and this work by Hey led to 
the first recognition of the Cygnus radio 
sourc_e. 

With the end of the war radio astronomy 
was rapidly developed in many laborato
ries all over the world. Many types of 
radiotelescopes were devised in order to 
enhance receiver sensitivity and antenna 
resolving power. Study of the radio emis
sions from stars, galaxies and the universe 
at large supplied new information which 

work remained. More detailed study of the 
Cepheid variables, in particular the 
recognition of two classes of variable, has 
changed the distance scale so that the An
dromeda nebula, for example; is now put 
at 2,200,000 light years. In consequence 
the distance scale for the galaxies has been 
increased and the accepted value of the 
Hubble constant at present is 15 kilo
metres per second per million light years. 

Hubble's law refers to distances and ve
locities measured relative to the earth and 
would seem to suggest that we on the earth 
are very privileged observers of the uni
verse. It was quickly realised, however, 
that this was not so; all the galaxies are 
rushing apart from · each other and Hub
ble's relation would be observed by an 
observer on any other galaxy who could 
equally well regard himself as the centre of 
the expansion. 

Since the relative velocity between any 
pair of galaxies is proportional to their 
separation, i.e. v = Hd, then the time 
taken to achieve this separation is some· 
value not greater than dlv = l!H. In other 
words, the expansion of the galaxies in 
accordance with Hubble's Law implies 
that at a time in the order of 11 H in the past 
all the galaxies must have been in close 
proximity to each other. With H equal to 
15 km sec- 1 per 106 light years 11 H be
comes 20,000 million years, but since the 
velocities must have been reduced by grav
ity during the expansion, the time taken 
must have been considerably less than this 
figure. 

The expansion process can be simply 
visualised by considering, as shown in the 
diagram, a graticule imaged on to a televi
sion screen through a device giving 
controllable magnification of the picture 
(as by a zoom lens in -television, or when a 
radar plan position display is expanded 
about any chosen centre). As the magnifi
cation is continuously increased, so the 
image points expand away from each other 
and, obviously, the velocity of separation 
of a particular pair of points AB is propor
tional to the separation as Hubble's Law 
states. An observer located at any image 
point A would see the same expansion as 

:complemented the findings of the optical 
astronomers and our understanding of the 
universe and its contents had been greatly 
increased by the fruitful marriage of opti
cal and radio methods. Similar increase in 
understanding will surely stem from the 
newer techniques of mounting sensors in 
satellites and space vehicles so that optical 
and microwave radioations, x-ray, y-rays 
and cosmic rays may be studied without 
the attenuations produced by the earth's 
atmosphere. Radio pas had the special ad
vantage relative to the other rad~ati~J.!.S_ 
used in astronomy of using comparatively 
long waves which are better able to pene
trate deeply into the "dusty regions" of the 
galaxy (as evidenced by dark clouds 
obscuring parts of the Milky Way). 
Coupled with this advantage has been the 
ability to detect line radiations from such 
emitters as atomic hydrogen (A. = 21cm) 
which has permitted the spiral arms of our 
own galaxy to be traced; or carbon monox
ide (A.= 2.6mm) which is yielding valuable 
information on the presence of a great ring 

would be observed at B, and the ''universe 
of points" would appear isotropic and ho
mogeneous. The Cosmological Principle 

• states that all observers in the universe are 
equivalent and will see the universe about 
them to be homogeneous and isotropic and 
to display similar motions. 

The investigations of Hubble and his co
workers took place against a background 
of cosmological theory which included 
Einstein's General Theory of Relativity of 
1916. This is still the best guide we have to 
the understanding of the interrelation of 
space, time and gravitation regarded as the 
essential elements of the universe which 
we observe. At first, solutions of Einstein's 
equations were sought which would des
cribe a uniform and isotropic universe that 
was neither expanding nor contracting., 
but with the acceptance of Hubble's 
findings on the expanding universe cosmo
logists in their studies of the universe have 
relied mainly on Friedmann's solutions of 
1922 which retained only the constraints of 
isotropy and homogeneity. These solutions 
lead to the concept of the universe being 
closed, i.e. oscillatory, with collapse fol
lowing the present expansion, or open, i.e. 
all galaxies expanding to infinity, accord
ing as the average density of the present 
universe is greater or less than a certain 
critical value. This value is proportional to 
the square of the Hubble constant; if H = 

15 km sec- 1/106 light years then the 
critical density is 5 x 10-30 gm cm- 3, 

which corresponds to about three hydro
gen atoms per thbusand litres of space. 
Estimates of the present density from 
known galaxies is about 10-30 gm cm- 3 

which would mean that the universe is 
open; this has prompted many astro
nomers to search for methods of detecting 
the "missing matter" that might "close" 
the universe. 

It has to be emphasised that the explo
sion which launched the expansion is not 
to be thought of as merely projecting mat
ter into an otherwise empty space waiting 
to receive it. General relativity suggests 
that the process must be viewed as an 
expansion of space itself, with matter and 
radiation being carried outward as it were 
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of cold star-forming clouds m the inner 
region of the galaxy. 

Analyses by radio astronomers have 
been made, not only of our own local gal
axy but also of the radio profiles of much 
vaster galaxies than our own. This has 
allowed detailed comparisons of these 
radio contours to be made with the star 
fields of these regions as recorded by the 
optical astronomers, with the result that 
identification of many radio sources with 
optical galaries with known spectral char
acteristics has proved to be possible. This 
work coupled with the results of the re
searches on the positions and distributions 
of radio sources over the whole of the 
celestial sphere have had profound impli
cations for cosmology - the study of the 
evolution of the universe itself. 

With all this post-war activity in obser
vational radio astronomy, so successful in 
its prosecution and so fascinating in its 
consequences for our understanding of 
stars and galaxies, it seems astonishing in 
retrospect that one discovery so vital for 

·like the co-ordinate points of the diagram. 
Thus every galaxy possesses a cosmological 
velocity relative to the co-ordinate system 
which is described as a "pecular" velocity. 
It was the peculiar velocity of our local 
galaxy which Muller's experiment detected 
and measured. 

According to this view of the expanding 
universe of the galaxies the red shifts ob
served by Slipher and Humason may also 
be regarded as a consequence of the ex
panding space which is the co-ordinate 
system. In the simple case with the relative 
velocity of two galaxies such less than the 
velocity of light c and having separation d, 
then for radiation of wavelength A. the 
Doppler effect will produce a fractional 
increase in wavelength or red shift of z = 
&A.IA.=vlc. But the transit time of the signal 
is die and during this time the increase in 
separation of the galaxies is (die) v so that 
the fractional increase in distance is (die) v 
(lid)= vic= z. In other words, the fractio
nal increase in wavelength is equal to the 
fractional increase in distance between the 
transmitting and receiving galaxies; it is 
for this reason that such a Doppler shift is 
described as a "cosmological red ~hift". 
For large velocities, i.e . high values of the 
red shift z, then special relativity gives 1 + 
z = ((c+v)l(c-v)/1.1 but the proportional
ity between wavelength and the expansion 
factor of the universe remains true8

' and 
also applies in the general relativity case. 

The theory of the expanding universe 
outlined above is not accepted by all astro
nomers and so it is reassuring to find evi
dence from other branches of science 
which, at least, are not grossly at variance 
with the age of the universe derived as the 
reciprocal of Hubble's constant. Thus geo
logical studies indicate a lower limit of four 
thousand million years for the age of the 
earth. Evidence on . the age of the galaxy 
deduced from stellar studies suggests a 
figure well in excess of ten thousand mil
lion years. So 1/H is not a hopeless figure 
for the age of the universe, remembering 
that H itself has not been determined accu
rately by reason of the difficulty of mea- · 
suring the distanceS' of all but the nearer 
galaxies. 

www.americanradiohistory.com
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progress in cosmology should have had to 
wait until1965 to be made- the existence 
of an all pervading radio noise back
ground, having the spectrum characteristic 
of a low temperature black body radiator. 
Serendipity and radio communications re
search has helped to correct the omission. 

Microwave radio noise 
background 
Just as Jansky in 1931 was looking for 
sources and magnitudes of noise that 
might prejudice the performance of a h.f. 
radio communication circuit, so in 1964 
two later Bell Laboratory scientists 
(working at the same Holmdel Field Sta
tion), Arno Penzias and Robert Wilson, 
were engaged on a not dissimilar task. 
Their operational interest rel!lted to satel
lite communication systems but the im
mediate scientific objective was the assess
ment of interfering noise emissions from 
the galaxy at microwave frequencies, and 
also propagation effects in the atmosphere. 

In order to measure the received noise 
power absolutely a comparison method 
was employed whereby the receiver was 
switched between the incoming sky signal 
and the noise signal delivered by a resistive 
load cooled in liquid helium. In this way 
noise effects in the receiving system were 
eliminated but it was recognised that 
errors might still be introduced by noise 
signals generated in the antenna structu-re 
itself. In their experiment Penzias and 
Wilson e_rp.ployed a cornucopia type of an
tenna which had originally been set up by 
Bell scientists to study the reception of 
signals passively reflected from the Echo I 
satellite (a 100ft diameter balloon made of. 
metalized fabric which was ejected from a 
canister after launch into orbit and inflated 
from a gas capsule). In effect the cornuco
pia was a shielded parabolic antenna which 
,had a very low level backlobe; it was vir
t"Ually immune from microwave radiation 
from the earth's surface since all the obser
vations were made with the forward lobe 
directed to the zenith. It seemed most un
likely that such a well engineered structure 
would produce any interfering noise but to 
confirm that such an effect was totally 
absent they made their first observations at 
a wavelength of 7 .35cm (the Telstar bea
con frequency) when it was assumed that 
no noise power would be received from the 
galaxy. The magnitude of the inevitable 
interfering emissions from the atmos
phere, mainly due \ to oxygen and water 
molecules, could be allowed for by taking 
measurements at various angles of eleva
tion. 

In spite of these precautions to eliminate 
all possible sources of error it was found 
that the noise power received was at a 
higher level than expected and corre-· 
sponded to an excess antenna temperature 
of some 3.5 ± 1.0 K. The antenna tempe
rature when directed to the zenith was 6. 7 
K, of which 2.3 K was attributable to the 
atmosphere and 0.9 K due to back lobe 
and ohmic losses. No diurnal nor seasonal 
variation of the signal could be detected. 
This was in sharp contrast to Jansky's 
original discovery of the radiation from the 

galaxy and eliminated the galaxy as a 
source of the isotropic signal. It appeared 
that the antenna and the earth itself were 
bathed in the radio flux and the conclusion 
seemed to be inevitable that the whole 
universe must be filled with this radiation. 
What was its spectrum? Could it be black 
body radiation and, if so, what was _its 
significance and from whence had the flux 
originally derived5? _ . 

A possible answer to the last question 
was soon forthcoming and revealed the 
cosmic importance (literally) of the discov
ery which Penzias and Wilson had made. 
They learnt through contact with the as
tronomy group at Princeton University 
headed by Robert Dicke and which in
cluded Peebles, Roll and Wilkinson, that 
very recent theoretical research pursued by 
Peebles on the physical conditions that 
might have existed in the early "fireball" 
phase of the nascent universe (Dicke 
speculated that it might be the condensed 
state of a contracted previous universe) 
had indicated that an intense, high tem
perature field of radiation must then have 
been present. This field, being in thermal 
equilibrium with the matter, would have 
possessed a black body spectrum. Such a 
radiation field would · have prevented the 
too rapid nucleosynthesis of helium and 
heavier nuclei from the primeval stock of 
protons and neutrons, for it is known from 
astronomical observations that hydrogen 
still forms about three quarters of the mat
ter of the universe. It was suggested that 
the radiation which mediated at the genesis 
of the universe would preserve its black 
body spectral characteristics as the uni
verse expanded but its temperature would 
fall progressively and inversely proportion
al to the "size" of the universe as the 
radiation, or "photon gas" as it may be 
regarded, cooled adiabatically6• If this 
were the radiation which Penzias and Wil
son had detected it meant that the birth of 
the universe was being "seen" by radio 
waves as ancient as the universe itself. 

Dicke and his colleagues had estimated 
that the present temperature of such a 
space expanded radiation field would be in 
the order of 10 K and concluded that it 
would be worth while to look for the radia-
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Fig. 2. The black body spectrum for 3K. The 
units of Uf... are joules per cubic metre of 
wavelength. 
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tion. Accordingly two members of the 
group, Roll and Wilkinson, proceeded to 
build a radiometer designed to detect the 
radiation on a wavelength of 3.2cm. At this 
point the Princeton group learnt of the 
Holmdel measurements on 7.35cm and the 
need was at once apparent for observations 
to be made at other wavelengths in order to 
establish whether the energy distribution 
of the background radiation conformed to 
a black body spectrum. Roll and Wilkin
son's observations were immediately 
pressed to a conclusion and yielded a noise 
intensity that was indeed compatible with 
a black body spectrum of approximately 3-
K. In other words the measurements of 
Penzias and Wilson, and Roll and Wilkin
son fitted the black body curve shown in 
Fig. 2 which is described by the Planck 
formula: 

8nh c ··( he )-1 
or u),=~ e kn..-1 . 

where: uv is the energy per unit volume per 
unit bandwidth at the frequency v 
u, is the energy per unit volume per unit of 
wavelength at wavelength A 
h is Planck's constant (6.625 X w- 34 Js) 
k is Boltzmann's constant (1.38 x 10- 23 

JK-1) 
T is the absolute temperature (K) 
c is the velocity of light (2.99729 x 108 

ms- 1) 

Thus the experimental evidence for the 
existence of a 3 K cosmic microwave radia
tion background (as it has come to be 
called) was already very good in 1965. As 
observations by later workers have accu
mulated the black body characteristic of 
the radio background has been given a 
probability bordering on certainty. For 
their discovery of the microwave back
ground and the measurement of its tem
perature Penzias and Wilson were awarded 
the Nobel Prize in physics in 1978. 

Anisotropy of microwave ) 
background 
In the letter to the Astrophysical Journal 5 

describing their measurement of the 3.5K 
excess antenna temperature, Penzias and 
Wilson stated, "This excess temperature 
is, within the limits of our observations, 
isotropic, unpolarized and free from 
seasonal variations". This question of iso
tropy was examined by a number of 
workers at the same time as the back body 
nature of the radiation was being estab
lished. By 1973 refinement of ground 
based experiments had permitted any anis
tropy that might exist to be shown to be 
less than one part in five hundred, which 
corresponds to a few millidegrees in the 
antenna temperature. In order to refine 
this measurement still further it was neces
sary to eliminate or reduce the main source 
of interference - which was Jansky type 
noise from the galaxy, but at microwave 
frequencies. Radio astromoners have 
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shown that such radiation is indeed pro
duced by the motion of energetic 
electrons, not in the simple thermal agita
tion mode that Jansky speculated, but by 
spiralling about the lines of force of the 
galactic magnetic field - the so-called 
synchrotron effect. 

Such synchrotron emission falls off with 
the wavelength so that by observing at 
shorter wavelengths this galactic noise in
terference would be reduced and, at the 
same time, the desired signal from the 
cosmic background would be increased. 
This was the design decision made by Mul
ler and .his colleagues at the University of 
California 7 when planning an experiment 
sensitive enough to measure the isotropy at 
the one millidegree level. They decided to 
operate at a wavelength of 9 millimetres 
and to avoid radiation from molecules of 
water in the atmosphere they designed the 
equipment to be operated in an aircraft 
flying at 50,000 ft. Compensation for the 
aerial temperature component arising from 
the oxygen radiation was achieved by 
switching a common receiver between two 
horns looking at different parts of the sky 
but at the same angles of elevation so that 
similar volumes of oxygen were included 
in their respective beams. ' 

This is the principle of the Dicke 
radiometer which has been widely used in 
radio astronomy. A switching frequency of 
about one hundred hertz was employed 
and by filtering and amplifying the output 
from the receiver at this frequency any 
temperature · difference between the two 
sky regions could be detected. Microwave 
signals from the sun and thermal effects on 
the antennae were avoided by making the 
flights at night. When sky temperature 
observations are conducted from the 
ground the portion of the celestial sphere 
examined is the region scanned by the 
beam of the antenna due to the diurnal 
rotation of the earth; the same is substan
tially true when the equipment is carried in 
an aircraft. 

In order to study seasonal effects the 
flight programme extended over the whole 
of 1977 and clearly revealed that some 
anisotropy was indeed present. It was 
found that the temperature of the sky 
varied smoothly according to a cosine law 
from a maximum in the direction of 
constellation Leo to a mimimum in the 
reciprocal direction i.e. towards the 
constellation Aquarius. Temperature dif
ferences between these two directions and 
the average sky temperature was ±3.5 mil
lidegrees and the effect was attributed to 
the velocity of the receiving antenna with 
respect to the radiation field and the 
Doppler shift that this produces. Apart 
from the cosine variation the radiation 
temperature was isotropic to one part in 

, 3000 but in the direction 0 A (Fig. 3) 
where the antenna velocity is directly op
posed to that of the radiation its spectrum 
will be displaced towards the blue i.e. its 
black body characteristics will be main
tained but it will appear to be hotter. Now 
the mean wavelength A will be shifted by 
an amount 6A given by the usual Doppler 

. relation 6AIA= vic, where vis the resultant 
velocity of the antenna. But according to 

Zero shift 

Zero shift 

1 Fig. 3. The anisotropy of the cosmic 
microwave background due to the peculiar 
velocity of the galaxy. 

Wien's law the typical wavelength is inver
sely proportional to the radiation tempera
ture T i.e. OAIA= -oT/T and the velocity v 
is given by (6T/T)c, with 6T = 3.5 X w-3 

K the vis about 390 km/sec. · 
There are three vector components to 

this velocity: 
(1) The orbital velocity of the earth about 
the sun at 30 km/sec. 
(2) the orbital velocity of the sol:ir system 
about the galactic centre at _about 300 
km/sec. 
(3) the velocity of the galaxy as .a whole 
with respect to the radiation field, or, as 
discussed later, with respect to those re
gions of the early universe from which the 
last scattering of the radiation occurred. 

By appropriate combination of the ve
locity vectors Muller and his colleagues 
concluded that the velocity of the galaxy 
with respect to the radiation field is about 
600km/sec. 

Cosmic role of radiation 
When Lord Kelvin made his calculation of 
the age of the earth, based upon ~e 
cooling of a sphere from an inital high 
temperature, he recognized that his esti
mate was much too low to satisfy the geolo
gists and so he included in his paper a 
caveat to · the effect that there might be 
within the earth some undiscovered source 
of heat that would lengthen the time scale. 
We now know that certain nuclei dispersed 
in the rocks provide one such source. 

Again, theKelvin-Helmholz contraction 
theory of the sun as a means of supplying 
the energy it pours out as radiation proved 
quite inadequate to explain the age of the 
sun. But increased understanding of 
nuclear reactions in the 1930s led to the 
suggestions that the fusion of hydrogen to 
helium could easily supply the required 
energy and also provide a lead to the 
synthesis of the heavier nuclei which spec
troscopy had shown to be present in the 
sun and other stars. 

With geophysics and astrophysics al
ready deriving support from applied 
nuclear physics, it was not surprising that 
·cosmology should also be penetrated by 
the new physics. We have seen that there 
are good reasons for assuming ·that the 
myriad of galaxies which we now see 
widely distributed through space were 
probably in close proximity to each other 
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some ten to twenty thousand million years 
ago. Certainly they did not then exist as 
galaxies for the universe must have been in 
a highly contracted and compressed state' 
In 1948 Alpher, Bethe and Gam ow 9 put 
forward the first version of the so-called 
-"hot big bang theory" which postulated 
just such a very dense state of the early 
universe in which the temperature was so 
high that thermonuclear reactions could 
take place in the primeval, wholly neutron 
"gas". Decay of neutrons to protons was 
assumed, followed by interactions to yield 
helium and other heavier elements, with 
the energy released fuelling the explosion 
and the subsequent expanding universe. It 
was recognized that radiation would be 
produced and it was even suggested that 
the cooled residue of this radiation should 
still be present in the universe. Curiously 
enough this paper did not prompt a search 
for the radiation, neither did it influence 
the discovery of the cosmic microwave 
background by Penzias and Wilson · in 
1964. 

The existence of the 3K microwave 
background is the major evidence in 
support of the modern Big Bang theory · 
while the isotropy of the radiation · argues 
strongly in support of the Cosmological 
Principle. The black body character of the . 
spectrum indicates that at the time of its 
origin the radiation was in thermal equili
brium with matter. That point in the past 
can be identified as the time when the 
expanding fireball which was the universe 
was a thousandth of the size of the present 
universe and, correspondingly,' was at a 
temperature of about 3000K, for that was 
the stage when the protons and the helium 
nuclei formed by thermonuclear processes 
could combine with the free electrons. Be
fore that time (and at higher temperatures) 
the density of electrons, protons, etc., had 
been so high that scattering processes en
sured that the universe was opaque to 
radiation. With the formation of atoms and 
the removai of the electron scatterers space 
became transparent to radiation; this was 
the so-called moment of decoupling, after 
which the adiabatic expansion of the radia
tion to its present state commenced, the 
black body character of the spectrum be
ing maintained. Thus the radiation which 
is now received carries the imprint of those 
regions of the new universe where the last 
scattering occurred but, as already noted, 
Muller's work did not reveal any inhomo
geneities in these tegions that might have 
suggested that groupings of matter had 
occurred at that stag~. Perhaps this conclu
sion was to be expected, for only after 
decoupling of electrons and radiation was 
the great pressure of the radiation released 
which hitherto had prevented any associa
tion of the matter into aggregations, so that 
the formation of the galaxies which we now 
see could then begin. 

Most important of the contributions to 
cosmology which stem from knowledge of 
the cosmic microwave background and its 
temperature of about 3K is the fact that it 
permits the estimate of the ratio of the 
number of photons to the number of 
nuclear particles in the present universe. 
This ratio would have been maintained 
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during the fireball era and knowledge of it 
is necessary to study the progress of the 
nuclear reactions which then occurred, 
and in particular, to monitor the produc
tion of deuterium as the essential in
termediary to the formation of the helium 
nuclei. Because the present temperature of 
the radiation background is 3K, the 
Planck formula tells us that the wavelength 
of the peak emission is about 1mm. Now 
the photons, which are the quanta of the 
energy carried by such a radiation stream, 
are spatially distributed at roughly a wave
length interval, so that the number of pho
tons per litre is in the order of a million; 
accurate calculations shows the figure to be 
550,000. Estimates of the number of 
nuclear particles in the galaxies then 
permits the ratio of photons to nuclear· 
particles to be put at between· 100 million 
to 20,000 million, i.e. a ratio in the order 
of 1000 million. It is this dominance of the 
radiation which controls. the reactions at 
the onset of nucleosynthesis. Calculations 
of the products of the various nuclear 
processes are obviously very complex 
and were first executed by Peebles, and 
independently by Wagoner, Fowler and 
Hoyle 10. The main conclusion was that 
helium would be the major product and 
would represent 22% to 28% by weight 
with hydrogen comprising most of the re
mainder, the balance being made up of 
small amounts of deuterium and other 
light nuclei. Observational evidence on the 
abundance of various nuclei in our galaxy 
indicates that 8% of the atoms are helium, 
0.1% heavier nuclei and the balance is 
hydrogen; thus the percentage by weight 
of helium is about 26. 

One of the astonishing features of the 
theory is the very short time required to 
complete the nuclear processes that 
prepared the essential material from which 
the present universe has evolved. Perhaps 
even the slight knowledge that most scien
tific people now have of nuclear weapons 
should have prepared us for the rapid exe
cution of the succession of reactions that 
the cosmological theory requires. If the 
initial ingredients of the early universe be 
taken as a mix of protons and neutrons at a 
temperature well above 1010K, to~ether 
with radiation of density of about 10 pho
tons per nuclear particle, then there will be 
an accompanying flux of electrons, posi
trons, neutrinos and antineutrinos, since 
the temperature is well above the threshold 
temperature for the generation of electron 
+ positron pairs from two "colliding" 
photons of the radiation (5.9x 109K). The 
density of the universe at this early stage 
was enormous and so the frequency of the 
various particles would be very great and 
would ensure that the whole world system 
was in thermal equilibrium. The principles 
of statistical mechanics may therefore be 
applied to the assembly of particles and the 
densities of the various species calculated. 
In particular, the number of protons and 
neutrons must have been equal since the 
two reactions: 

p + antineutrino;::! n + e+ 
n + neutrino~ p + e-

would have proceeded with equal speed 
since thermal equilibrium would have en
sured equal availability of neutrinos and 
antineutrinos. 

As the universe expanded and the tem
perature fell, the slight mass excess of the 
neutron above the proton would have 
favoured the neutron conversion process, 
thus causing a progressive reduction in the 
proportion of neutrons - to 17% in fact, 
when the temperature had dropped to 3 X 

109K. which occurred in the very short 
time ~f 13.82 seconds. By this time annihi- · 
lation of the positrons by combination with 
the electrons would be well advanced since 
the threshold temperature was already 
passed. Although it was possible for stable 
helium nuclei to be formed at 3 x 109K, it 
would not occur since no nuclei of deute
rium would yet have been available. Deu
terium is formed by the combination of a 
neutron with a proton together with the 
emission of a photon, but this action is 
readily reversible at high temperature and 
in the presence of a strong radiation field 
of photons. Thus the reaction was not 
effective until the temperature had 
dropped just below 109K, when the disso
ciation of the deuterium would have 
slowed to the point that the deuterium 
lived long enough to be "burnt" to helium 
i.e. the remaining neutrons, whose propor
tion at this stage would have fallen to 13%, 
were rapidly converted into helium. Thus 
the helium to hydrogen ratio by weight is 
26 to 74. The temperature of onset of 
successful nucleosynthesis of deuterium is 
dependent uron the photon/nucleon ratio; 
if this is 10 (as calculated from the 3K 
background) then the temperature is 0. 9 X 

109K, and the time taken to reach this 
stage is only 3 minutes 4 seconds according 
to Weinberg u. 

Nucleosynthesis was now complete, as 
was also the removal of the positrons, leav
ing electrons in number just sufficient to 
match the positive charges of the protons, 
whether free or combined into nuclei. 
Combination of the electrons with these 
nuclei to form stable atoms could not hap
. pen until the temperature had fallen to 
about 3000 K. This process took about 
700,000 years and then occurred the mo
ment of decoupling when the universe be
came transparent to radiation; expansion 
of the radiation and matter followed, to
gether with the progressive grouping of the 
matter into the forms of our "familiar" 
universe. 

The rate of expansion of this relativistic 
universe of galaxies is a function of the 
gravitational field, which is itself de
pendent not only upon the total mass of all 
the nuclei but also upon the energy of the 
cosmic microwave background and upon 
the neutrino/antineutrino flux. We have 
seen that the expansion may continue to 
infinity i.e. the universe is open, or the 
rate of expansion may fall to zero and then 
reverse i.e. the universe is closed. Whether 
the universe is open or closed depends 
upon whether its average density is less or 
greater than the critical density mentioned 
earlier. The measured temperature of the 
microwave radiation could provide a valua
ble cl_ue to this question, for the figure of 
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3K supplies the present photon density 
while the ratio ·of photons/nuclear particles 
at nucleosynthesis is -a factor which in
fluences the production of the residual 
deuterium that escaped conversion to he
lium. If the abundance of deuterium rela
tive to that of protons which obtained at 
the end of nucleosynthesis could now be 
measured then the present average density 
of particles could be derived more · accu
rately than by the crude method of sum
ming up the possible contents of all the 
galaxies! Deuterium estimates made so far 
tend to favour the open universe, but. 
uncertainties in the methods of assessing 
deuterium are still too great for the open 
universe concept t? be accepted as proven. 

Conclusion 
The modern version of the Big Bang cos
mology has already achieved some notable 
successes, not least being the way it has 
been able to build upon the discovery of 
the cosmic microwave background. Steven 
Weinberg, awarded a Nobel Prize in 1979 
for his work in particle physics, discusses 
in his exciting book "The First Three 
Minutes" 11 states of the early universe that 
may have preceded the 1010K stage which 
was taken as the starting point of this sur
vey and shows how many fundamental 
problems in particle physics are involved 
in the endeavour to look back still further 
in time. What is certain is that the present 
theory of the foundation of the universe 
provides a great stimulus for further re
search and establishes the need for more 
observations, many of which will have to. 
be made from space vehicles. Thus the 
techniques at least of microwave commu
nications will continue to be needed in 
order to make new data available to the 
cosmologists. 
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Digital storage and analysis of 
speech 

2 - Coding in the time domain 

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

There are several methods of coding 
the time waveform of a speech signal 
to reduce the data rate for a given 
signal-to-noise ratio, or alternatively 
to reduce the signal-to-noise ratio for 
a given data rate. They almost all 
require more processing, both at the 
encoding (for storage) and decoding 
(for regeneration) ends of the 
digitization process. The aim of this 
section is to introduce the ideas in a 
qualitative way: theoretical 
development and summaries of 
results of listening tests can be found 
elsewhere. 

Syllabic companding 
We have already studied one time-domain 
encoding technique, namely logarithmic 
quantization, or log p.c.m. (sometimes 
called "instantaneous companding"). A 
more sophisticated encoder could track 
slowly varying trends in the overall ampli
tude of the speech signal and use this in
formation to adjust the quantization levels 
dynamically. Speech coding methods 
based on this principle are called adaptive 
pulse code modulation systems (a.p.c.m.). 
Because the overall amplitude changes 
slowly, it is sufficient to adjust the quanti-

. zation relatively infrequently (compared 
with the sampling rate), and this is often 
done at rates approximating the syllable 
rate of running speech, leading to the term 
"syllabic companding". A block floating
point format can be used, with a common 
exponent being stored every M samples 
(with M, say, 125 for a 100 ms block rate at 
8 kHz sampling), but the mantissa being 
stored at the regular sample rate. The 
overall energy in the block, 

h+M-1 
2 x(ni (M = 125, say) 
n=h 

is used to determine a suitable exponent, 
and every sample in the block - namely 
x(h), x(h+ 1), ... x(h+M-1) - is scaled 
according to that exponent. Note that for 
speech transmission systems this method 
necessitates a delay of M samples at the 
encoder, and indeed some methods base 
the exponent on the energy in the last 
block to avoid this. For speech storage, 
however, the delay is irrelevant. A rather 
different, nonsyllabic, method of adaptive 
p.c.m. is continually to change the step 
size of a uniform quantizer, by mulitplying 
it by a constant at each sample which is 
based on tl)e magnitude of the previous 
codeword. 

Adaptive quanti~ation exploits informa
tion about the amplitude of the signal, 
and, as a rough generalization, yields a 
reduction of one bit per sample in the data 
rate for telephone-quality speech over or
dinary logarithmic quantization, for a 
given signal-to-noise ratio. Alternatively, 
for the same data rate an improvement of 
6dB in signal-to-noise ratio can be ob
tained. However, there is other informa
tion in the time waveform of speech, 
namely, the sample-to-sample correlation, 
which can be exploited to give further re
ductions. 

Differential coding 
Differential pulse code modulation 
(d.p.c.m.), in its simplest form, uses the 
present speech sample as a prediction of 
the next one, and stores the prediction 
error - that is, the sample-to-sample dif
ference. This is a simple case of predictive 
encoding. Referring back to the speech 
waveform displaye_d in Fig. 5, it seems 
plausible that the data rate can be reduced 
by transmitting the difference between 
successive samples instead of their abso
lute values: less bits are required for the 

Fig. 9. Conversion hardware for delta mod
ulation. 

difference signal for a given overall accur
acy because it does not assume such 
extreme values as the absolute signal level. 
Actually, the improvement is not all that 
great - about 4-5 dB in signal-to-noise 
ratio, or just under one bit per sample for a 
given signal-to-noise ratio - for the dif
ference signal can be nearly as large as the 
absolute signal level. 

If d.p.c.m. is used in conjunction with 
adaptive quantization, giving one form of 
adaptive differential pulse code modula
tion (a.d.p.c.m.), both the overall ampli
tude variation and the sample-to-sample 
correlation are exploited, leading to a com
bined gain of 10-11 dB in signal-to-noise 
ratio (or just under two bits reduction per 
sample for telephone-quality speech). 
Another form of adaptation is to alter the 
predictor by multiplying the previous 
sample by a parameter which is adjusted 
for best performance. Then the 
transmitted signal at time n is 

e(n) = x(n)- ax(n-1), 

where the parameter a is adapted (and 
stored) on a syllabic time-scale. This leads 
to a slight improvement in signal-to-noise 
ratio, which can be combined with that 
achieved by adaptive quantization. Much 
more substantial benefits can be realized 
by using a weighted sum of the past several 

>---..... -------------------oCoded 
signal 

Up !~own counter 
Up /down 

ENCODER 

0 I A converter 

---------------.--- ... 
Coded o----------.J 
signal Up/down 

Upldown counter 

DECODER 

0 I A converter 
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(up to 15) speech samples, and adapting all 
the weights. However, this requires a great 
deal more computational power - both in 
the encoder and in the decoder. 

Delta modulation 
The coding methods presented so far all 
increase the complexity of the analogue-to
digital interface (or, if the sampled wave
form is coded digitally, they increase the 
processing required before and after sto
rage). One method which considerably 
simplifies the interface is the limiting case 
of d.p.c.m. with just 1-bit quantization, in 
which only the sign of the difference be
tween the current and last values is 
transmitted. figure 9 shows the conver
sion hardware. The encoding part is essen
tially the same as a tracking d-to-a, where 
the value in a counter is forced to track the 
analogue input by incrementing or decre
menting the counter according as the input 
exceeds or falls short of the analogue equi
valent of the counter's contents. However, 
for this encoding scheme, called "delta 
modulation", the increment/decrement 
signal itself forms the discrete representa
tion of the waveform, instead of the coun
ter's contents. The analogue waveform can 
be constituted from the bit stream with 
another counter and d-to-a converter. 
However, an all-analogue implementation 
can be used, both for the encoder and 
decoder, with a capacitor as integrator 
whose charging current is controlled digi
tally. This is a much cheaper realization. 

It is fairly obvious that the sampling 
frequency for delta modulation will need 
to be considerably higher than for 
straightforward p.c.m. Figure 10 shows an 
effect called "slope overload" which 
occurs when the sampling rate is too low. 
Either a higher sample rate or a larger step 
size will reduce the overload; however, 
larger steps increase the noise level of the 
alternate 1s and -1s that occur when no 
input is present - called "granular noise". 
A compromise is necessary between slope 
overload and granular noise. for a given bit 
rate. Delta modulation results in lower 
data rates than logarithmic quantization 
for a given signal-to-noise ratio if that ratio 
is low (poor-quality speech). As the de
sired speech quality is increased, its data 
rate grows faster-than that of logarithmic 
p.c.m. The crossover point occurs at a 
much lower rate than would be needed for 
telephone quality speech, and so although 

· delta modulation is used for some applica
tions where the permissible data rate is 
severely constrained, it is not really suit
able for ~peech output from computers. 

It is profitable to adjust the step size, 
leading to adaptive delta modulation. A 
common strategy is to increase or decrease 
the step size by a multiplicative constant, 
which depends on whether the new 
transmitted bit will be equal to or different 
from the last one. That is, 
stepsize (n+ 1) stepsize (n)X2 if 
x(n+ l)<x(n)<x(n-1) or · 
x(n+ I)>x(n)>x(n-I) (slope overload 
condition); 
stepsize (n+ 1) = stepsize (n)/2 if x(n+ 1), 

x(n-l)<x(n) or x(n+ 1), x(n-l)>x(n) 
(granular noise condition). 

Fig. 10. Slope overload and granular noise 
in delta modulation. 

Despite these adaptive equations, the 
step size should be constrained to lie be
tween a predetermined fixed maximum 
and minimum, to prevent it from becom- · 
ing so large or so small that rapid accom
modation to changing input signals is im
possible. Then, in a period of potential 
slope overload the step size will grow, 
preventing overload, possibly to its maxi
mum value when overload may resume. In 
a quiet period it will decrease to its 
minimum value which determines the 
granular noise in the idle condition. Note 
that the step size need not be stored, for It 
can be deduced from the bit changes in the 
digitized data. Although adaptation im
proves the performance of delta moqula
tion, it is still inferior to p.c.m. at tele
phone qualities. 

It seems that a.d.p.c.m., with adaptive 
quantization and adaptive prediction, can 
provide a worthwhile advantage for speech 
storage, reducing the number of bits 
needed per sample of telephone-quality 
speech from 7 for logarithmic p.c.m. to 
perhaps 5, and the data rate from 56 
kbits/s to 40 kbits/s. Disadvantages are 
additional complexity in the encoding and 
decoding processes/and the fact that byte
oriented storage, with 8 bits/sample in lo
garithmic p.c.m., is more convenient for 
computer use. For low quality speech, 
where hardware complexity is to be 
minimized, adaptive delta modulation 
could prove worthwhile - although the 
ready availability of p.c.m. codec chips 
reduces the cost advantage. 
To be continued 
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Programmable sound 
generator interface 
continued from page 38 

The interface decoding logic, shown in 
Fig. 1, uses AO-A7, IORQ and WR signals 
from the Z80 and four i.cs to provide BCI 
and BDIR signals for two p.s.gs. The two 
separately addressable p.s.gs require four 
Z80 i/o ports, 252-255, which can be relo
cated by using one or more of the three 
spare gates to invert the address lines be
fore IC1. 

The p.s.gs are programmed by latching 
their relevant register and then writing or 
reading data, which can be achieved with 
the following instructions 

LDA,R 

OUT(252),A 

LDA,D 

R is the p.s.g. register 
address, R=0-15 
latch register address R in 
p.s.g. 1. 
D is the output data, 
D=0-255 . . 

OUT (253), A output data to latched re-
gister in p.s.g. 1 · 

IN A, (253) return contents of latched 
register in p.s.g. 1 to A. 

Alternatively, . the corresponding Basic 
commands can be used. The second p.s.g. 
is programmed in the same way using i/o 
ports 254 and 255 with the register 
addresses latched on port 254. 

The 8-input NAND gate enables a dual 
2-line to 4-line decoder when IORQ is 
active during i/o cycles involving ports 
252-255. IC3a decodes AO and WR, and 
simulates BCl and BDIR on data outputs 
2 and 3 for all necessary p.s.g. bus func
tions except the .inactive state. IC3b, IC4 
and two inverters ensure that each p.s.g. 
bus is only active during the i/o operations 
listed above. Therefore, a p.s.g. bus can 
only be active when IORQ is active, which 
is sufficient to fulfil the timing require
ments of the p.s.g. and a 4MHz Z80 
system. 

The constru-ction of the interface is 
· straightforward, and the complete circuit 

for driving one or two A Y -3-8910 devices 
is shown in Fig. 2. The interface will also 
drive the smaller AY-3-8912 i.e., but the 
pin assignment is different and there is no 
A9 address line. Because the p.s.g. has a 
maximum clock frequency of 2MHz, an 
optional 74LS74 is included to divide a 
4MHz clock by 2 or 4. 

Although the three audio outputs in Fig. 
2 are connected together, they may be 
amplified separately with an i.e. such as 
the LM 386 which uses a single 5V supply. 
The interface can be modified to control 
four p.s.gs by decoding both A1 and A2 
with IC3b. In this case, disconnect A2 from 
IC1 and connect the NAND gate input to 
+SV, connect the B input of IC3b to A2. 
The inverted data outputs from IC3b, pins 
9 and 10, then gate another 74LS08 to 
generate the BCl and BDIR signals for 
two extra p.s.gs. Four devices are 
controlled via eight i/o ports, 248-255, 
which provides twelve independently 
programmable audio channels. 
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Improving the 745262 
character generator 
A disadvantage of the 74S262 character 
generator r.o.m. is that the displayed out
puts for zero arid upper-case 0 are iden
tical. This circuit simulates the style of 
zero found in other r.o.ms. 

The IS0-7 code for zero, 0110000, is 
converted to letter A, 1000001, and the 
dot-row ~ddress is modified so that the 
lower half of the displayed character is a 
reflection of the upper half. Because only 
the address inputs to the r.o.m. are mod
ified·, other functions such as character 
rounding are not affected. The switch can 
be included to disable the circuit if re- . 
quired. 
A. Pemberton 
Sheffield 

Voltage-change 
detector 
This detector produces a negative pulse 
when the input voltage changes direction 
by more than abo'ut 15mV. The differen
tiator in section A detects and amplifies the 
leading edge of a voltage change and the 
output switches positive or negative. Sec
tion B converts any pulses from ICr which 
are 4.SV or greater to negative pulses. 
Section C is a standard monostable circuit 
with a delay of 5s set by the RC network. 

The additional circuit at the input of 
I section A is neces.sary if th~ detector is 
1 use(! with a cadnuum sulphide cell or a 
theb:riistor. The voltage fed to the detector 
inp~t I is restricted to between . 113 and 

,2/3Vcb. Other op-amps can be used for IC1 
i prdvided they have an input impedance of 
!1·aroun~. 20MO. 

1 M. L./Ford · 
.

1 
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Variable time offset 
By combining two sets of b.c.d. inputs, 
which represent the hours on a 24 hour 
clock and the time offset to be added · 
time shifts can be produced from 1 to 23 
hours. Although this circuit uses discrete 
gates to reduce cost, parts of the design can 
be replaced by single i.cs such as adders. 

N.J. Booth 
Reading 

4-bit adder: 
Adds low-digit 
inputs together 

When result from adder is 
> = 10, subtract~ 10 

and carries to high digit 
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2-bit adder. 
Adds high -digit 
in~ ,, rt: .Jr,j carry 
fr·onr low Ji~it 

When combined dcta >= 24 
subtrac~s 4 from low digit and 2 fr'o~, high digit 

When result of subtraction 
goes ne"rutive, adds 10 

and cur :·ies to hiJh .Ji ,Ji t 

Subtracts uny curry 
trom low di_Jit 

Outputs 

Hours 

>------------------....__----------------A(1) 
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''Think how a good engineer can extract complex information . 
from an electrrcal device usrng an OSCILLOSCOPE. SOFTY is in · 
th1s class- rt IS a we ll-constructed bench tool for anyone deal in .. 
~rt0h MPU products and requiring development and test facilit1e Q 

r. Tony Berk. Practrcal Electronics 

: . . .. .., SOFTY as an ordinary EPROM , 
You can of course jUSt usrd be wasting rts true poten tral satile 

mmer but that wou NGINEER who wants aver 
~O~~; rs for the DESIGNER ~IE st SOFTY represents goo4 
development tool at reaso;:d g~~~ral purpose development too) · 
value for money and rs a ~rcroprocessor systems ~ 
for anyone developrng I Computer World """ ~ . 
- -~~~~· ··· · · 

HARDWARE DESCRIPTION (COMPONENTS) 
• 30 ICs include: 2 K Static Ram Buffer, 2 K ROM, PIA with 

Scratchpad RAM (INS8154), MPU (INS8060), Cursor RAM 
(21 02), Character PROM, LS-TTL and CMOS gates, dividers, 
counters multiplexers, monostables, registers, flip-flops and 
buffers. 

• Voltage regulators for 5 volts and 25 volts program voltage. 
e 5 pole changeover OIL PERSONALITY SWITCH. 
• UHF Modulator. 
• Zero-Insertion-Force Lever Socket. 
e ROMULATOR lead and plug. 
• Strong plastic case. 
• Over 50 discrete components including 4 MHZ Crystal, 

Transistors, Diodes, Zeners, Resistor Arrays, Capacitors, 
Potentiometer, Sockets for major ICs. 

e Plated-through-Holes Fibreglass Circuit Board with Solder 
mask and Component ldent. 

e Separate POWER SUPPLY, with moulded MAINS PLUG. 

*No hidden extras, price is for a BUILT AND 
TESTED Softy (no kits) with full90 day 
warranty and 14 day money back guarantee. 
Price includes power supply, romulator link, 
postage and packing- ALL YOU NEED. 
Price £169 + £25.35 (VAT 15%) total £194.35. 
Cheques payable to Dataman. 

Mail to:- Oataman Designs, Lombard House, 24 Cornwall Road, 
Dorchester, Dorset, DT1 1 RX. Dorchester (0305) 68066. 
Export enquiries: Maiden Newton (0300) 20700. 

9 I Ao 
Ac E I 

do 

57 

B2,Fbb2b ltf
c6 29 2F 3d Sd 

L.o t3 tO IE 

SOFTWARE DESCRIPTION 1 KEYBOARD FUNCTIONS) 
e HEXADECIMAL ENTRY- D-<TA IS wrrtten to SCREEN ADDRESS rnd1cated by CURSOR HIGHLIGHT and 
the cursor rs automatrcally rncrerflented e CuRSOR FUNCTIONS- UP. DOWN. LEFT. RIGHT PAGE- The 
CURSOR KEYS control movement of the cursor hrghlight DATA rs displayed as a parr of HEX DIGITS wh1ch show 
CODE CONTENTS ol eacl1 ADDRESS LOCATION. ADDRESSES are MAPPED rn X-Y fashron on the screen of a 
TV recerver or MONITOR Any of 16 PAGES may tJe viewed each con tar nrng 512 BYTES plus STATUS 
rnformat1on. PAGE cl ranges autorna't1cally as the cursor crosses the page BOUNDARY • ALTERNATE CURSOR 
- The FIX key stores the current cursor posilron for later re ference. provrdrng a LABEL ;n ADDR ESSII\IG SPACE 
rhereafter SOFTY calculates and drsplays the HEXADECIMAL DIFFERENCE between cursorst showrng correct 
value of RELATIVE JUMP. ~or example! e SWAP !unction exchanges the stored cursor wrth the current cursr.r 

. twhrch complements the HEX difference as drsplayed on-screenr e MATCH BYTE functron wrlll1rghlrght and 
count c~lllocat rons contamrng any REOU ESTED BYTE Thrs rnstructron may be repeated to frnd specrlrc sectron·s 
of code e CLEAR operates rn erther FORWARD or BACKWARD modes to clear RAM BUF FER as requested 
Cleared memory is all-high. rather than all-low. An unprogrammed EPROM con tarns all FF bytes. • INS EAT looks 
lorward rn memory to find THREE UNUSED BYTES in successron 1FF FF FFl and shrfts rntervenrng code 
rightwards to perm1t extra rnstructron to be rnserted e DtLETE removes the rnstructron at the cursor locatron 
and shrfts code leftwards from frrst three unused byles • SERIAL and PARALLEL INPUT and OUTPUT 
ROUTINES are available to lrll the RAM BUFFER from an external devrce such as a COMPUTER runnrng an 
ASSEMBLER PROGRAM or a PUNCHED-TAPE READER. BUFFER CONTENTS may also be transmrtted to a 
TAPE-PUNCH or PRINTER. These routrnes convert between HEX and ASCII. rt rs easy to rnterface SOFTY wrth 
RS232 and CENTRONICS compatrble devrces (and wrth other BUS STRUCTURES by wrrt rng specrfrc soltware 
and-assrgnrng a keyfunctronl e TRANSWIFT IS a FAST SERIAL DATA TRANSFER syotem whrch Cdn be used 
wrth ANY MICRO vra a srngle brt of 110. It is used for EASY SERIAL INTERFACES and for d;~ect connec tronwrth ,; 
TAPE RECORDER to store OBJECT CODE on tape. t EPROM or BUFFER contentsr e EX-RAM lunctron permrts 
extensron of RAM BUFFER to 4 K BYTES by usrng a BYTE-WIDE RAM In the ZIF SOCKFT There rs provrsron lor 
connectron of SOFTY'S WRITE STROBE to the socket and BUFFER CONTENTS may be transfe rred USing ihrs 
function. e INTERNAL MICRO functions- SOFTYS own INS8060 wr ll run PROGRAMS rn SCRATCH PAD 
RAM BUFFER or EPROM e COPYFIRM copies back FIRMWARE rnto the RAM BUFFER. T11us rt rs possrble to 
modrfy SOFTY and reprogram rl for CUSTOM APPLICATIONS. wrrte APPLICATION-ORIENTED 
KEYFUNCTIONS etc. e RUN function will transfer control to the devrce rn the ZIF SOCKET Programs · 
partiCular applications may b€ committed to EPROM for use wheo requrred 12K bytes permrts qurte pov: 
dpplicatrons - a drsassembler perhaps?) e GOSUB wrll perform the program rn SCRATCHPAD- rn elfect. _ 
provrdes USER-PROGRAMMABLE KEYFUNCTIONS e EXECUTE Will action the program rr1 RAM BUFFER 
· before your very eyes·. as rt were. permrtting msertron of BREA KPOINTS which cause the processor to stop 
without LOSS OF STATUS and pnnt contents of INTERNAL REGISTERS. SUBROUTINE POINTER etc rn the 
STATUS LINE. e BLOCK FUNCTIONS are available to handle code rn blocks e DEFINE permitS 
definr!ron of the block usrng the CURSOR KEYS tThe CURSOR HIGHLIGHT expands to enclose the BLOCK) e 
MOVE allows the block to be SHIFTED around rn memory by use of the CURSOR KEYS. lntervenrng coders not 
erased: it moves to the other side of the block. This rs a relocatron function. • STORE wrll take the block into 
SCRATCH PAD memory. where rt cdn be call ed as a SUBROUTINE to provide an extra key· functron re-rnserted 
into code later as a MACRO- or rust provide a means to put the block back elsewhere wrthou t relocatrng other 
code e REPLACE wrrtes the stored block into memory from the current cursor address and transfers the cursor 
to the end of it e EPROM-HANDLING FUNCTIONS- SOFTYS CHIEF PURPOSE rs the HANDLING of 
OBJECT CODE and PROGRAMMING of EPROMS e PRETESTChecks that the program wrll go rnto the EPROM 
This is not merely a test for erasure (it CAN be rf memory rs cleared frrst) each !qcatron rs exarnrned rn turn and 
compared with the code it will recerve. Those locatrons whrch cannot be programmed (BITS whrch must be HIGH 
ire already LOW) are HIGHLIGHTED and COUNTED. One useful apphcatron ol this funct ron rs the employment of 
jefectrve EPROMS which have a bit or two "stuck low" Thrs happens. Perhaps even more usefulrs the possrbrlity 
Jl mod1fyrng an EPROM because the changes are rn the " rrght drrectron"- one can be lucky' • COMPARE 
·~hecks each location rn EPROM wi th the corresponding byte in RAM BUFFER and counts and hrghlrghts 
differences. This functron rS also called automatically after a programmrng operatro11 It rs uselul lor testrng 
suspect ROMS and EPROMS SOFTY MAKES A USEFUL PRODUCTION ROM CHECKER e COPY transfers 
the EPROM contents into RAM BUFFER. e BURN transfers the RAM BUFFER contents rnto EPROM by 
applying a 50 millisecond PMGRAM PULSE to each location in turn whilst holding PROGRAM ENABLE at +25 
volts. LOCATIONS WHICH DO NOT REQUIRE PROGRAMMING ARE SKIPPED so a short program under 
development will burn much more quickly than a full EPROM. 

WW- 022FORFURTHERDETAILS 
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NewLine of 
Wave Solderable 
Heat Sinks 

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

Solderable StudTM Heat Sinks allow the heat sink/device to 
be prea~se~bled ~nd treated as a single component on your 
production hne. It ts dropped into plated-thru holes in the P.C. 
Board and wave soldered with other components. Eliminates 
~and 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. 

SOLDERABLE 
STUD 

WIRELESS WORLD AUGUST 1981 ' 

38 Rosemont Road, Alperton, Wembley, Middlesex. ermallov International MCP Electronics Ltd., INI Th · 
Telephone 01-902 5941. Telex: 923455. - Advanced technology in semiconductor accessories. · 

I I 
Secondary 1 I I 

Volts Current Dimensions Wei~ht 

Type VA RMS I RMS I Oia. I Height Kg Price I I Vo:o,n~:~ent I Dimensions 'Weight I 
Type VA RMS RMS Dia. I Height . Kg Price 

C1000 
C1001 
C1002 
C1003 
C1004 
C1005 
C1006 
C1007 

C1010 
C1011 
C1012 
C1013 
C1014 
C1015 
C1016 
C1017 
C1018 
C.1019 

C1020 
C1021 

30 
30 
30 
30 
30 
30 
30 
30 

60 
60 
60 
60 
60 
60 
60 
60 
60 
60 

6+6 2.50 
9+9 1.67 

12+12 1.25 
15+15 1.00 
18+18 0.83 
22+22 0.68 
25+25 0.60 
30+30 0.50 

9+9 3.33 
12+12 2.50 
15+15 2.1111 
18+18 1.87 
22+22 1.36 
25+25 1.20 
30+30 1.00 

110 0.55 
220 0.27 
240 0.25 

70mm 30mm 0.45 
70mm 30mm 0.45 £4.55 
70mm 30mm 0.45 
70mm 30mm 0.45 (+£1.10 p.p. 
70mm 30mm 0.45 + 0.84 VAn 
70mm 30mm 0.45 
70mm 30mm 0.45 
70mm 30mm 0.45 

87mm 33mm 0.75 
87mm 33mm 0.75 £4;86 
87mm 33mm 0.75 
87mm 33mm 0.75 (+£1.43 p.p. 
87mm 33mm 0.75 + 0.94 VAn 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 
87mm 33mm 0.75 

C1030 160 18+ 18 4.44 108mm 42mm 1.5 
C1031 160 22+22 3.84 108mm 42mm 1.5 £8.40 
C1032 160 25+25 3.20 IOBmm 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 VATI 
C1035 160 110 1.46 108mm 42mm 1.5 
C1036 160 220 0.73 108mm 42mm 1.5 
C1037 160 240 0.67 108mm 42mm 1.5 

230 25+25 4.60 115mm 50mm 2.2 
230 30+30 3.83 115mm 50mm 2.2 £10.20 
230 35+35 3.29 115mm 50mm 2.2 
230 40+40 2.88 115mm 50mm 2.2 I+ £1.73 p.p. 
230 110 2.09 115mm 50mm 2.2 + £1.79 VAn 
230 220 1.05 115mm 50mm 2.2 
230 240 0.96 115mm 50mm 2.2 

330 25+25 6.60 130mm 52mm 2.8 
330 30+30 5.50 130mm 52mm 2.8 £11.90 
330 35+35 4.71 130mm 52mm 2.8 
330 40+40 4.13 130mm 52mm 2.8 (+ £1.90 p.p. 
3311 45+45 3.67 130mm 52mm 2.8 + £2.07 VATI 
330 110 3.00 130mm 52mm 2.8 
330 220 1.50 130mm 52mm 2.8 
330 240 1.38 130mm 52mm 2.8 

530 311+30 8.83 145mm 60mm 3.8 
530 35+35 7.57 145mm 60mm 3.8 £15.80 
530 40+40 6.63 145mm 60mm 3.8 
530 45+45 5.89 145mm 60mm 3.8 (+ £2.05 p.p. 
530 50+50 5.30 145mm 60mm 3.8 + £2.68 VATI 
530 110 4.82 145mm 60mm 3.8 
530 220 2.41 145mm 60mm 3.8 
530 240 2.21 145mm 60mm 3.8 

Cotswold Electronics ltd. Cheltenham -GL51 9N.X 
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Transient response of audio filters 
Sharp cut-off filters are not always the best. ·Time domain considerations can 

lead to a reduction in coloration 

A filter with a s·harp cut-off can cause 
an audible coloration which sounds 
like a resonance near the filter cut-off 
frequency. The sharper the filter cut 
off, the worse the coloration appears 
to become. It also seems to become 
wors.e as the cut-off frequency is 
moved further into the audible 
frequency range. This article sets out 
to explain this effect and suggests 
how it may be avoided, concluding 
with a practical design for a variable 
.cut-off low-pass filter. 

To try to understand the coloration effect 
noticed with sharp cut-off filters first think 
about the human hearing mechanism. As 
yet there is no single comprehensive theory 
of hearing which is generally accepted and 
which explains all the experimental pheno
mena, but it seems that the analysis of 
perceived sounds by the ear and brain is 
performed partially in the frequency do
main and partially in the time domain. 
That is to say, it has been found that al
though certain parts of the basilar mem
brane in the ear respond to specific fre
quency bands, much of the experimental 
evidence refutes a "frequency analyser" 
description of the hearing process. If a 
signal is produced consisting of two pure 
tones with frequencies of 200 and 300Hz 
the ear hears a pitch corresponding to a 
frequency of 100Hz. This can be partly 
explained by the generation of a dif
ference tone due to intermodulation in 
non-linear parts of the ear, but it also 
occurs at low sound pressure levels ·where 
it should be negligible. Looking at the 
combined waveform of the two tones, Fig. 
1, this repeats itself with a period equiva
lent to 100Hz. The term periodicity pitch 
describes this sort of phenomenon which 
indicates that the ear uses a time-based 

· pitch analysis which detects the repetition 
rate rather than a Fourier type of analysis 
which breaks the signal down into sinusoi
dal frequency components. 

Another manifestation of periodicity 
pitch 1 can be demonstrated by producing a 
random signal and mixing a delayed ver
sion of this with the original. The ear hears 
a pitch which depends on the time delay. If 
this is done with a music signal and the 
delay is continuously varied one gets the 
effect known in pop music as phasing, 
better described as time separation pitch. 
Again, there is no Fourier component cor
responding to the pitch heard. 

A discussion of the various theories of 

by D. C. Hamill, M.Sc. 

hearing and the evidence which supports 
them is given by Licklider2: the time
domain-analysis explanation is becoming 
more widely known and studied, although 
it is not universally accepted. 

Autocorrelation approach 
The model of time domain analysis most 
commonly put forward is the autocorrela
tion process. Autocorrelation measures 
how similar a signal is to a delayed version 
of itself. Mathematically the autocorrela
tion function is 

R(t)=x(t).x(t-t) 

the bar over the product representing a 
mean value taken over all time. The signal 
x(t) is sampled, then again after a time 
delay t, the samples multiplied together, 
and the. product averaged over marty 
samples to give R(t). A schematic system 
for measuring autocorrelation functions is 
shown in Fig. 2. The function is generally 
normalized to one at t=O. 

Autocorrelation functions of some 
simple signals are shown in Fig. 3. A 
periodic signal such as a sine or square 
wave has a regularly undulating autocorre
lation function whereas white noise, a 
completely random signal, has an autocor-

200Hz[\ (\ [\ (\ (\ . (\ . vv \JVV v 
(\(\(\(\(\(\(\[\[\ 

3
ooHz V\TV \TV V\J V V 

200Hz 
+ 

300Hz 

100Hz 

Fig. 1. Waveform produced by adding 200Hz sinusoid to 300Hz sinusoid has a repetition 
rate of 100Hz, although there is no fundamental component at this frequency. 

~ 
Time delay X (t-:t) 

T 

'l 

X (t) '"" Multiplier Ave roger "' '-' ~ '-' R!-rl 

\ 

t ' 
:X: ( t) 

R(1)= xltl x(t-"t) 

Fig. 2. Schematic method for measuring the autocorrelation function of a signal x(t). 
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relation function which is zero except at 
t=O. This makes white noise a useful sig
nal for evaluating the response of systems 
because the degree of randomness of the 
output can easily be assessed. If white 
noise is passed through a low-pass filter 
with an ideal amplitude response - that is 
one which passes components below the 
cut-off frequency but completely stops 
those above cut off - a strong periodicity 
appears in the autocorrelation function. 
This indi~ates that the ideal frequency-do
main filter is unsuitable for time-domain 
processing. For no audible ringing, the 
white-noise autocorrelation function of a 
network should show no ripple. Compare 
Fig. 3(d) with (f) which is for a simple low
pass RC section. This illustrates the fact 
that simple networks producing a 6dB/oc
tave slope can be used without introducing 
coloration into the signal. 

The autocorrelation function of a signal 
has been tied up with pitch and coloration 
by Bilsen3, who found the experimental 
subjective weighting function p(t) shown 
in Fig. 4. The pitch and coloration thres-
hold, according to Bilsen, is given by 

R('t) 0.063 
R(O) > p('t). 

That is, if the normaliied white noise auto
correlation function of the system exceeds 
0.063/p(t) coloration may be detected in 
the signal. 

The pitch of white noise fed through a 
high-pass or low-pass filter is closely re
lated to its cut-off frequency. This would 
be expected from its autocorrelation func
tion, Fig. 3(d), which shows substantial 
ripples of a period corresponding to the cut 
off frequency: compare this with the auto
correlation function of a sine wave, Fig. 
3(a). This pitch and cut-off frequency 
relationship was confirmed experimentally 
by Small and Danilof£4 and by Fastl6. 

However, with high-pass filters having a 
cut-off frequency below about 600Hz 
anomalous results are obtained which sug
gest that coloration is not audible with 
high-pass filters in the frequency range 
where they are usually used. 

0·5 

0·4 

0·3 
p 
a. 

0·2 

0·1 

10 20 30 40 
T(ms) 

Fig. 4. Experimental autocorrelation 
weighting function is based mainly on 
work concerned with room acoustics, 
hence the time scale is in tens of 
milliseconds {after Bilsen, ref. 3). 

R(1') 

( a.) Sine wove 

(c) White noise 

I e) White noise passed through 
ideal Gaussian filter 
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(b) Square wove 

!d) White noise passed through 
'ideal' frequency domain filter 

If) White noise passed through 
simple R C filter 

Fig. 3. Autocorrelation functions of various signals. 

Arbitrary waveform applied to 
inpul of network 

Waveform is approximated 
· by staircase function 

Staircase can be broken down 
into series of step functions 

Each step produces step 
response characteristic 
of network 

Individual step responses 
can be added to obtain 
output from network · 

____Jr----------------------___j etc. 

~ ~------------------etc. 

Fig. 5. Knowing the step response of a network the response to an 
arbitrary input waveform can be found. 
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lu) Ideol frequer 
domain filter 

(b) 3rd order 
Butterworth filter 

(c) Ideal Goussion filter I d l 3rd order 
Laguerre -Gaussian filter 

!e) Simple RC filter 

The sensation of pitch becomes more 
definite as the slope of a sharp cut-off filter 
is increased. Rakowski6 has reported expe
riments with filters having slopes of 15, 50 
and lSOdB/octave above -3dB frequen
cies of between 200Hz and 5kHz. He 
found that "The accuracy of the pitch 
judgement decreases for extreme low and 
high frequencies. The increase in steep
ness of noise band skirts improves the ac
curacy of the pitch judgements but at 
lSdB/octave judgement may still be made 
with considerable consistency." This is in 
accordance with an autocorrelation theory, 
which predicts increased coloration as the 
filter becomes nearer to the ideal fre
quency-domain filter. 

From the weight of experimental evi
dence then, an autocorrelation theory of 
hearing including a suitable weighting 
function appears to explain the phenome
non of filter coloration satisfactorily. 

Step response 
The · white-noise autocorrelation function 
of a filter is not a very familiar quantity to 
many electronics engineers although they 
often use other time-domain description~ 
of signals. (An oscilloscope is a time
domain display system, invaluable for 
studying the effect of networks on pulses.) 
The step response of a network is closely 
related to its white-noise autocorrelation 
function: the autocorrelation function of a 
signal is the time domain description of its 
power spectral density (its "frequency 
spectrum") and contains the same in

. formation. Given a white noise input, the 
power spectral density directly depends on 
the transfer function of the network. Tak
ing this transfer function one can find the 
impulse response or the step response of 
the network by means of the Laplace 
transform. So the step response is a close 
cousin of the white-noise autocorrelation 
function and contains all its information, 
as well as additional phase information. 

If the step response of a network is 
known, the response to an arbitrary signal, 
for example speech or music, can be 
found. The input signal can be approxi
mated by a staircase function, as in Fig. 5, 
and by taking smaller and smaller steps 

one can get as close to the original as neces
sary. This staircase function can be decom
posed into the sum of a large number of 
positive or negative steps of varying mag
nitude each of which has its own step res
ponse when passed through the network. 
If these are added together the resulting 
waveform is the response of the network to 
the input signal*. There is therefore a 
direct connection between the step res
ponse of a network and its response to real 
signals. 

By studying the step responses of some 
idealized and real filters these can be re
lated to their white-noise autocorrelation 
functions and criteria for audio filters can 
be established. Consider first the ideal fre
quency-domain filter shown in Fig. 6(a). 
The step response shows considerable 
ringing as would be expected. There is also 
a precursor, that is a response before the 
input step is applied, pointing to the non
realisability of this ideal filter. A real ap
proximation to this type of response is the 
third-order Butterworth response shown 
in Fig. 6(b). There is now no precursor but 
there is still a lot of ringing. This sort of 
filter is common in audio equipment al
though it is by no means optimal for the 
application . 

The ideal time-domain filter is one with 
a fast rise time and no overshoot or ring
ing. This is achieved if the amplitude res
ponse follows a Gaussian shape and if the 
phase response is linear. The step response 
of a Gaussian filter has a precursor, but a 
practical filter, a third-order Laguerre 
Gaussian approximation, gives a delayed 
response with no precursor and negligible 
ringing. 

The subject of filter families such as 
Butterworth, Bessel, Chebyshev, is too 
wide to cover in one article but is well 
covered in the literature7. 

Des ign criteria 
Basically, there is a rieed for as much atte
nuation as possible in the stop band with a 

* This is equivalent to convolution of the im
pulse response of the network with an arbitrary 
signal, and is known as the Duhamel superposi· 
tion integral method . 

Fig. 6. Step response and amplitude 
response of some ideal and real filter. In (d) 
and (e) the true Gaussian shape is shown in 
broken line. 

flat amplitude response in the pass band. A 
steep slope in the stop band is not harmful 
in itself (the Gaussian filter approaches an 
infinite slope) but the shape of the res
ponse curve in the transition region be
tween the pass band and the stop band is 
important. Looking at the Gaussian, La
guerre and simple RC filters, there is little 
or no ringing when the cut-off is approxi
mately Gaussian over the first lOdB or so 
of attenuation. The phase response asso
ciated with this type of cut-off tends to be 
linear in the case of practical transfer func~ 
tions, and this has sometimes led to the 
misconception that filters should be 
specified to have a linear phase response to 
minimize ringing. The step response con
tains information which is discarded in the 
autocorrelation response. This implies that 
a pure autocorrelation theory of hearing 
does not take account of the ears' sensitiv
ity to phase information, but there has 
been considerable controversy over the de
gree to which phase shifts are detectable. 
What is important in the present context is 
that phase linearity, by itself, is no guar
antee of adequate audio filter design. 

One could choose a sharp cut-off res
ponse characteristic and then add an all
pass phase equalizer to give good phase 
linearity, but this would not give freedom 
from ringing. The ideal frequency-domain 
filter is a good example of this: even with 
zero phase there is bad ringing. Adjusting 
the phase response near the band edge can 
alter the symmetry between precursor and 
overshoot but can never remove the ring
ing. 

The conclusion must be drawn that the 
main factor governing transient response is 
the shape of the amplitude response roll
off in the transition region. For best results 
this should have a Gaussian shape, that is it 
should follow 

I 
Vout I [ ( f ) 1~ J.., 
-;: =exp - f-3dB 2 · 
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· Fig. 7. Amplitude response curves for a simple variable slope 
filter (after Leakey, ref. 9). 

Fig. 8. In variable low-pass filter overall response is the sum of a 
first-order and a variable second-order response. 

This is unrealisable as it stands but it 
can be approximated by either a Taylor or 
a Laguerre series expansion8• Several other 
filter approximations also produce a quasi
Gaussian roll-off, for example the- well
known Bessel or Thomson family and the 
in-line pole approximations. 

While a Gaussian roll-off is ideal from 
the point of view of step response, the ear 
is not so critical of ringing as the cut-off 
frequency is raised. This implies that a 
sharper cut may be used at high frequen
cies without being objectionable. 
/ As filters can be broken down into first 

/ and second -order terms, the last being res
ponsible for ringing, the maximum allow
able Q-factor of the various terms in the 
transfer function could be related t_o fre
quency as a criterion for audio network 
design**. 

High-pass filters are less critical in their 
design. As previously mentioned, although 
at high cut-off frequ~ncies ringing . is 
noticeable, below about · 600Hz this effect 
su~jectively disappears.! The design of 
high-pass filters can be ibased on conven
tional frequency-domaih considerations.! 
For example, a typical rlilmble filter might 
have a third-order Buttfrworth response 
with a - 3dB frequencY! of 24Hz, giving 
1dB drop at 30Hz. I 

i 

** Research into the effectj of similar transfer 
functions in introducing auliiible coloration has 
been carried out at the University of Surrey by 
J. M. Bowsher and K. Moul~na. 

Variable low-pass filter 

One solution to the problem of ringing 
adopted in some high fidelity preamplifiers 
is to use a switched cut-off frequency and 
to add another filter control known as a 
slope or roll-off control. In one type9 a 
slope control mainly affects the rate of fall
off in the stop band, thus sacrificing 
wanted attenuation to reduce the un
wanted coloration, Fig. 7. The provision 
of three switched frequencies plus a slope 
control gives a comprehensive filtering fa
cility in the sense that the user has a wide 
choice of filter characteristics. I believe 
this is unnecessarily complicated and that a 
single control can be adequate for most 
applications if correctly designed. 

Essentially what is required is a steep 
final rate of attenuation, say 18 dB/octave, 
but with a gradual initial roll-off approxi
mating a Gaussian shape. Finer control is 
possible if the cut-off frequency is made 
smoothly variable rather than switched. 
Secondly, the ear is less sensitive to ringing 
at the upper end of the spectrum than 
toward the middle and a sharper cut -off is 
more permissible (and desirable) near the 
band edge. The object of this design was 
therefore to obtain an 18 dB/octave slope 
which could be shifted along the frequency 
spectrum whilst automatically changing its 
shape in the transition region to give the 
maximum amount of attenuation without 
coloration at any setting. This aim has 
been achieved in the following way. 

A second-order low-pass section has a-

peak in its response which depends on its 
Q-factor. If the Q-factor is allowed to in
crease as the cut-off frequency is in
creased, curves like those of Fig. 8 are 
obtained. If this rising response is offset by 
a first-order response falling at 6 dB/octave 
the result is an almost-flat pass-band res
ponse with a variable cut-off frequency, 
the initial roll-off becoming steeper with 
increasing cut-off frequency. (In practice, 
the first-order section must also have a 
variable cut -off frequency to avoid a 
peaked response.) 

The filter was designed to be variable 
between a Bessel response with a cut-off at 
6.3 kHz, and a 0.5 dB ripple Chebyshev 
response with a 20kHz cut-off. The 
subjective sensation of pitch is approxi
mately linear with logarithmic frequency 
and as there is evidence10 to show that the 
subjective effect of reducing the band-

-width of a signal is also nearly proportional 
to the logarithm of the cut-off frequency, 
this law has been incorporated in the vari
able control. The resulting circuit is ana
lysed in the Appendix and its computed 
response curves are given in Figs 9 & 10. 

Practical circuit 
A practical circuit suitable for use in a 

high-fidelity preamplifier or in profes
sional audio equipment is given in Fig. 11. 
In addition to the variable low-pass facility 
there is a fixed rumble filter built around 
the input stage which cuts off at 18 dB/ 
octave with a Butterworth characteristic. 
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Fig. 9. Amplitude response of the variable low-pass filter. 
Parameter n is percentage potentiometer rotation. 

Fig. 10. Variation of cut-off frequency with potentiometer setting 

The second amplifier is a push-pull ar-
. rangement which was found necessary be
cause of capacitive loading effects; a single
ended amplifier would give rise to consid
erable second harmonic distortion at high 
frequencies. Capacitor C2 is included for 
stability, while C1 and Cs bypass r.f. with
out affecting amplitude response. For best 
results the source resistance should be low, 
preferably less than lOOf!, but up to lkf! 
is permissible if R1 value is reduced to 
compensate. A load resistance of 4. 7 k!l or 
greater is recommended but the circuit will 
drive lower resistances at a higher distor
tion figure. Capacitors 3 and 4 should be 
low-leakage types such as tantalum bead to 
reduce n:oise from the control potentiome
ter. As a single potentiometer is used per 

+ 
o--t 

180n 

+ 
8k2 

for various values of attenuation. 

Measured performance of the variable filter 

Amplitude response 

Max. input level 
Noise level 

Gain 
Max. load impedance 
Max. source impedance 
Distortion 

Very close to computed curves -1 dB at 
36 Hz and -15 dB at 15 Hz 
+ 15 dBm (4.4V r.m.s.) at any frequency 
-93dBm max. (measured in noise band
width 20Hz to 2okHz. input shorted) 
-0.5 dB at 1 kHz 
4.7 kO (but see text) 
1 000 (but see text) 
0.1 % t.h.d. at any frequency and input 
level up to +15dBm with 4.7k0 load 

150k 

+ 5% or better 

+30V 

ov 

* BC184 or ZTX109C Fe:-; 11. Practical circuit for variable low-
,g. . h $'1 

J-li1SS filter and fixed h1g ~pass 11 ter. 
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channel, stereo ganging is very easily 
achieved. (A version of the circuit was 
built using 741 op-amps as unity-gain am
plifiers but their limited gain-bandwidth 
product caused deviations from the theo
retical amplitude response.) 

Judged subjectively, the filter is very 
effective in obviating the coloration. Using 
a pink noise input, the circuit does not 
significantly colour at any setting and the 
potentiometer seems to control the filter- , 
ing action in a smooth and linear manner. 
With a music signal, lowering the cut-off 
frequency progressively removes "edgi
ness" from the sound, causing instruments 
such as cymbals and harpsichord to recede 
and making the sound duller without be
ing coloured._ . 
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Appendix: Analysis of variable low-pass filter 

The right-hand part of the circuit, Fig. Al, is a 
second-order Sallen and Key section with varia
ble feedback controlled by the gain A 1. The 
transfer function ofthis part, V JVx, is 

1 +2sC3Rz(1-A,)+s2CzC3R}(l-A1) . 

This has a natural frequ_ency 

1 
wo- . 

RzVCzC3(1-A1) 

and Q= 112 / Cz 
VC3(1-A1) 

As A 1 increases, both W 0 and Q increase. The 
left hand part of the circuit has a response given 
by 

Vx- Vi+sC1R1A1Azvo 
1+sC,R1 

Combiriing the two transfer functions gives the 
overall function 

where 

and 

V(• 1. 

v; I +as+Bs2+ys3' 

_<¥=2C3Rz(1-AI)+C1R 1(1-A 1A2) 

· ~=(CzC3Rz2+2C1C~ 1Rz)(1-A 1 ) 1. 

This is a third-order low-pass function with 
coefficients which depend on the variable A 1. 
The minimum natural frequency occurs when 
A1 = 0. Suppose this is to correspond to a Bessel 
transfer function. Then 

1 
<X=-

WJ 

fl.- 0.400 p---=--z
(1)1 

which gives a -3 dB point at w = 1.76w1• 

Normalizing to WI = 1, RJ = Rz = 1, gives cl 
= 0.431, c2 = 0.541, c3 = 0.285, which can be 
substituted into equations 1. Now suppose a 
O.SdB ripple Chebyshev transfer function is re
quired for the other extreme of A 1. Then 

2.53 
<X=-

Wz 

which gives a - 3 dB point at w = 0. 989w2; 
Comparing these coefficients with those of 
equations 1, three equations in the variables 
Almax• Az and wzlw1 = 5 .65. 

Notice that the cut-offfrequency range is now 
defined by the ratio 0.989w2/1.76w1 = 3.18, 
which can be denormalized to give a range of 
6.28 to 20kHz. This frequency range is deter
mined solely by the choice of transfer functions; 
the two used here give a large range and useful 
response curves. For comparisons, a But
terworth transfer function when A 1 is at its 
maximum gives a denormalized range of only 
11.8 to 20kHz. 
. The plot of log cut-offfrequency versus A1 is 

·almost linear, as required; however, the addi
tion of a resistor between the top of the poten
tiometer and its wiper improves the law. The 
use of an amplifier for A2 is avoided by splitting 
cl into two, CI' connected to earth and C1" 
connected to the output of AI> such that 

C1'=(1-A2)C1 

andC1"=AzC1 

The final .schematic circuit denormalized to an 
impedance level of 5.1 kn arrd an upper cut-off 
frequency of 20kHz is shown in Fig. A2. 
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Designing with microprocessors 
10 - Concluding interrupt-dr-iven circuits 

by D. Zissos and G. Stone Department of Computer Science, Un'iversity of Calgary, Canada 

The last two articles on interrupt 
driven circuits, June and July 1981, 
described operation, applications and 
design procedures. This article covers 
interrupt controllers and outlines the · 
operation and use of two common 

·interrupt chips. 

The function of interrupt controllers is to 
generate an interrupt request, IRQ, signal 
when one or more flags are present, and to 
provide the microprocessor with informa
tion which will allow it to identify the 
source of interruption. Fig. 1 last. month 
'showed the basis of interrupt systems, and 
the step-by-step operation is described in 
reference 1. Interrupts are classified as 
vectored or non-vectored depending on 
the type of information made available to 
the microprocessor. In vectored in
terrupts, the vectoring address is gener
ated externally prior to program interrup
tion. In non-vectored types, the controller 
provides the microprocessor with the state 
of the individual flags, and it is left to the 
programmer to identify the source of in
terruption. For describing interrupt 
controllers, it is assumed that the higher 
the suffix of an interrupt flag, the higher 
its priority unless otherwise specified. 

Controllers for non-vectored 
interrupts 
The controller for non-vectored interrupts 
in Fig. 2(a) consists of an i/o port and two 
gates. The IRQ signal is generated by OR
ing the flag signals. When program in
terruption occurs, the programmer saves 
the processor status and reads the flag bits 
into the accumulator by simply executing· 
an Input instruction with address Ap in 
this case. The processor status is saved to 
allow the intenupted program to continue 
correctly. 

After the flag bits are stored in the accu
mula tor, the programmer tests the value of 
each bit in turn by shifting left one posi
tion the contents of the accumulator 
through the carry flip-flop, and checking 
whether it is set, C= 1, or reset, C=O, see 
Fig. 2(b). If the flip-flop is set, control of 
the program is transferred to the appro
priate interrupt routine, otherwise the 
shift-and-test operation is repeated as 
shown in Fig. 3. 

At the end of each service routine the 
processor status is restored, the interrupts 
are enabled and the interrupted program is 
resulned by executing a Return instruc
tion. This method, commonly called soft-

ware polling, involves no special hardware 
and is often favoured by people familiar 
with software. However, it is slow and if a 
large number of interrupts are necessary, 
the response time may be too slow for 
certain real-time applications. 

Controllers for vectored 
interrupts 
The function of controllers for vectored 
interrupts is to identify the source of in
terruption before generating the interrupt 
request signal, and to load the program 
counter . with the approp~iate vectoring 
address when the microprocessor is in
terrupted. Fig. 4 shows two methods for 
generating vectoring addresses. In (a), the 
vectoring address is generated directly by 
the interrupt -controller but in (b), the in
terrupt controller sets a pointer to the 
memory location which holds the appro
priate vectoring address and releases it. 
The first method is used by the Intel 8259 
and the basic operation of this device de-

IN • 

L ....----. 
:::::J AND 
,~ 

Ap 
,...----

m.p.u. 

/ I RO. 
OR 

,___ 

Carry flag, C 

(a) 

(b) 

pends on the execution of the three-byte· 
Call instruction which allows direct access 
to the program counter2• This is because 

' the data bus is linked to the program coun
ter during the last two machine cycles as 
shown in Fig. 5. The 8259 issues an in-

. terrupt request signal when the micropro
cessor operation is to be interrupted, and 
waits for the processor to respond with 
INT A. When this occurs it feeds the data 
bus with the opcode of the Call instruction 
and then the two-byte vectoring address. 
The opcode is loaded into the instruction 
register and the vectoring address into the 
program counter as shown in Fig. 5. Be-·, 
fore the vectoring address is loaded, its 
contents are automatically stored in stack4. 

The second method of generating vec
torin~ addresses is used by the Motorola 
6828 . In common with all interrupt 
controllers, the 6828 generates an in
terrupt request signal in response to exter
nal flags and waits for the microprocessor. 
to respond. The processor responds by 
outputting consecutively addressed sig~als 

a 

l 
i/o port I 

-

f f 

Interrupt flags 

Accumulator 

Fig. 2(a)~ Block diagram of an interrupt controller for-non -vectored interrupts. 
(b) Accumulator contents prior to shift operation. (For Fig. 7 see last month.) 
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FFF8 and FFF9. The presence of these 
signals on the address bus activates the 
interrupt controller, which then modifies 
their values in accordance with the in
terrupt flags, as shown in Fig. 6. Address 
bits 1 to 4 are replaced by four new bits zl 
to z4. One method of achieving this, using 
a priority encoder (flag sorter) and some 
logic, is shown in Fig. 74

. The priority 
encoder identifies the flag with the highest 
priority, see Fig. 8. For example, 
q2qlq0=010 when flag 2 is identified and 
q2qlq0= 111 if flag 7 is present. The 
values of the modified address bits are also 
given in Fig. 8 which shows 

z1=q0 z3=(i! 
z2=q1 z4=q2 

A priority encoder and inverter circuit is 
.shown in Fig. 9. · 

Restarts 
Restarts are one-byte instructions whose 
format i~ 1lddd111 where ddd are varia
bles. When this instruction is executed, 
the program counter is pushed on stack, 
and bytes 00000000 and OOdddOOO. are 
written into it. This means that the execu
tion of a restart instruction transfers 
program control to one of eight locations 
specified by 00000000 OOdddOOO, see Fig. 
10. The restart instruction can be gener
ated by a priority encoder and, because it 
is loaded into the instruction register 
rather than the program counter, all that is 
required is an i/o port and one AND gate. 
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00000000 
00 ddd 00 

Instruction 
decoder 

p.c . 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
d 
d 
d 
0 
0 
0 

i.r. 

p.c. 

IRQ -------1 
Interrupt 

·,controller 

F 
Address bus Interrupt flags 

Fig. 6. Basic operation of the 6828 interrupt device. 

Fig. 7. Modification of the 6800 address 
signals FFF8/9 during interrupt cycles. 

Flag 0 

1 

4 

No 
flags 

Flag with 
highest priority 
q2 q1 qO 

Priority encoder 
inoperative 

Modified address 

zit z3 z2 z1 
0 1 0 

a4 a3 a2 a1 

Fig. 8. Modified vectoring addresses, see 
Fig. 1. 

Priority 
encoder 

t7 fo 
~ 

Fig. 10. Block diagram showing the operation of Restarts. Interrupt flags 
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E9 
EA 
EB 
EC 
ED 
EE 
EF 
FO 
F1 

1-------------------4 F2 

F3 
1-------------------4 

F4 
. FS 

~--------------~ F6 
F7 

1------------1 F8 
F9 

B or 9 

Not used 

Logic 

q2 

Priority encoder 

/ 

q1 qO 

Priority 
encoder 

._----------z1 

Interrupt 
flags 

Fig. 9. Practical circuit for modifying 
address signals as shown in Fig. 7. 
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Electronic detection of meteors 
Two young avionics engineers, armed with a 
keen interest in astronomy, plus material help 
from their company, are making a contribution 
to an international scientific experiment this 
August, involving a comet which appears once 
in every 119 years. David Fosberry BSc, 25, 
Project Engineer with Marconi Avionics 
Limited and his partner Joe Cardwell, 22, De
velopment Engineer, have designed an 
electronic detection instrument, the first of its 
kind, which can tell the presence of meteors and 
count them automatically. 

The new Electronic Meteor Detection System 
(EMDS) is to be used as part of an international 
experiment, organised by the Meteor Section of 
the British Astronomical Association. Known as 
Project Perseid, it involves studying the appear
ance of the Perseid meteor stream, which is 
associated with the comet known as Swift
Tuttle 1862 III, recorded only once before and 
due to reappear this year. 

The EMDS has been designed to meet the 
requirements of Europe's largest amateur group 
for meteor observation, the South Downs Astro
nomical Society, whose President, celebrated 
astronomer and broadcaster Patrick Moore, is 
taking a personal interest in the Project. 

The South Downs Astronomical Society's 80 
members are combining their efforts to observe 
the comet and its many thousands of rapidly
moving meteors, as their paths cross the earth's 
orbit. In addition to the new electronic means of 
detection, the Society is using visual observation 
and photographic methods, to gain important 
information about the behaviour of meteors, 
which can yield a better understanding of the 
nature and origin of the solar system itself. 

The two Marconi Avionics engineers, and 
some 20 other young scientists from schools and 
universities, are travelling with the South 
Downs team to the Aubrac mountains in the 
Massif Central of France, where, at an altitude 

of 1200 metres, the best possible conditions will 
be obtained for their observations. Data will be 
acquired by the Society's team from late July 
until mid August, when the number of meteors 
is expected to be at a maximum. 

Usually, meteors are observed by eye, as brief 
streaks of ionised gas, radiating in all directions, 
as if from an invisible point. Projecting the 
tracks back towards their apparent source, 
(known as the "radiant"), indicates which 
meteors are of the Perseid stream. To aid the 
human observers, an "all-sky camera" system is 
used and it is with this that the new electronic 
equipment is associated. · 

The EMDS responds to the transient streaks 
of light which characterise part of each meteor's 
path. The relatively constant background light 
from stars and planets is cancelled out automat
ically and an electronic tally is kept of the total 
number of meteors, together with the times 

between each occurrence, to an accuracy of 10 
msec (one hundredth of a second). All the 
human observer has to do is detect which are 
Perseids and which emanate from other sources. 
The results will help to determine whether or 
not the Perseid meteors are occurring at random 
and if dense "knots" of more recent material are 
present in the stream - questions of particular · 
importance to the better understanding of com
ets and their meteors. 

About the size of a small shoe box, the EMDS 
is the first automatic meteor counting equip
ment to be built, and its use is expected to 
encourage the more widespread use of electronic 
detection and counting techniques among ama
teur astronomers everywhere. The new unit is 
to undergo official trials at the South Downs 
Astronomical Society's Observatory site on the 
Trundle, Goodwood, near Chichester, before 
being taken to France. 

UK satellite broadcasting company for~ed 
Following the Home Secretary's approval tor an 
early start to satellite broadcasting in the UK (in 
the recent Home Office Study - News, July 
issue), a British company, probably the first of 
several, has been formed to provide the 
hardware for this new medium. Called the Satel
lite Broadcasting Company, it has been formed 
jointly by N. M. Rothschild, the merchant 
bankers, and British Aerospace, who are already 
involved in the construction of satellites. The 
new company plans to produce and launch satel
lites capable of transmitting programmes on two 
channels. These will be modified versions of the 
ECS - European Communications Satellite 
(see Wireless World, December 1978), a satellite 

which is similar to the OTS2 now in operation 
which is manufactured by British . Aerospace 
Dynamics Group for the European Space 
Agency. 

The project is still subject to official approval 
and plans need to be worked out in detail. It is 
thought that the minimum time before such a 
system became operational would be five years. 
To receive the broadcast in the home a one
metre dish antenna would be needed which with 
the associated electronic equipment could add 
£200 to the price of a tv receiver. Community 
receiving stations with cable distribution to 
homes is another possibility. 

When one considers that British Telecom 
spends millions of pounds each day on 
equipment for installation, it becomes 
apparent that they need to keep close 
quality checks on what appears to be very 
mundane apparatus. Here the sound 
output is being checked on a loudspeaking 
telephone in the anechoic chamber of 
British Telecom's Quality Assurance 
laboratories in Islington, London. Facilities 
at the laboratories include an artificial 
mouth and ear for testing telephones, a 
photometry laboratory for testing lamps 
ranging from those used for industrial 
lighting to the miniature bulbs for 
telephone switchboards. The laboratories 
are listed by the British Calibration Service 
and carry out calibration tests on electrical 
measuring equipment, including testing, 
servicing and calibrating some 4,000 
oscilloscopes each year. 
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New Quad electrostatic 
r-

loudspeaker 
For many years, whenever one read a review of 
a new loudspeaker, the 'standard' speaker used 
in alb comparisons was always the Quad ESL. 
Now Quad have announced the ESL-63 (named 
because development began in 1963) known to 
its engineers as FRED (full range electrostatic 
doublet). 

Peter Walker postulated tha.t if a very light 
diaphragm could be made to reproduce the air 
particle motion found at an imaginary plane 
some distance from, and normal to the direction 
of propogation from a theoretical ideal sourc:, 
the result to the listener would be the same as If 
he were hearing that ideal source. The Quad 
ESL-63 achieves this by means of a very light 
electrically polarised diaphragm suspended be
tween two sets of rigid and acoustically transpa
rant (they have hole in them) concentric annular 
electrodes to which the signal is fed through 
sequential delay lines. The sound pressure pat
tern produced is a replica of that from an ideal 
source placed some 30cm behind the plane of 
the diaphragm. The motion of the diaphragm is 
roughly analogous to the· wave motion which 
results when a stone is dropped into a still pool. 

This configuration, says Quad, gives the de
signer complete control over the directivity of 
the loudspeaker. As a dipole with a figure-of
eight dispersion pattern, there is no radiation in 
the plane of the diaphragm and the ratio of 
direct to reflected sound is much higher than 
from an omni-directional source so there is a 
great improvement in the localisation of the 
stereo image. 

Visually the ESL-63 is a great improvement 
over the old ESL and does not look like a room 
heater. It has a height of 92.5cm and a width of 
66cm. The depth of 27cm includes the base 
containing all the electronics. It requires an ac 
mains supply. 

The nominal resistance is 80 and this is al
most purely resistive. It has a sensitivity of 

The Quad ESL-63 Electrostatic 
Loudspeaker with the grille cloth removed. 
The concentric annular electrodes which 
'spread' the sound pressure pattern across 
the diaphragm can be clearly seen. 

1.5~-tbars/V referred to 1M, which is 
86dB/2. 83Vrms. The maximum input is 
lOVrms continuous, 40V for undistorted maxi
mum peak output with a maximum permitted 
peak input of 55V. The maximum output is 
2N/m2 at 2m on axis. The bandwidth with refer
ence to -6dB limits is 35Hz to over 20kHz. It is 
expected that the ESL-63 will be sold at £1 ,000 
a pair. 

Microprocessors and product design 
- a self-study course 

The Open University is now offering a new 
self-study course for engineers and designers on 
microprocessors and product design. 

It shows how to use microprocessors in pro
duct design and covers the complete sequence 
from customers' specification to final design 
stage. 

Microprocessors and Product Design: A course 
for Engineers does not assume or require 
previous knowledge of microprocessors and 
involves between 60 and 70 hours study. 

It comprises five books specially written for 
self-study; a file of date sheets and technical 
literature; a fully assembled microcomputer 
system based on the Intel 8085 microprocessor 
with full alphanumeric keyboard which in
terfaces with students' own tv sets and cassette 
recorders; a prototype development board to be 
driven by the microcomputer in various config
urations; a user manual for the microcomputer 
and an experiment book. containing practical 
work. The course fee is £395. There are no tv 
broadcasts or tutorials, so allowing students to 
fit study in as best suits them. 

The course follows through the complete de
sign sequence for microprocessor-based pro
ducts: customer specification; overall system 
design; hardware and software development ; 

prototype evaluation . a'nd_ pro~uction desi.gn. 
Case studies are brought m to Illustrate pomts 
made and short self-assessment questions allow 
students to check progress. 

The experimental work does not have to be 
done at the same time as reading the texts. The 
initial experiments familiarise students ·with use 
of the microcomputer and peripherals, while 
later ones follow the design sequence for a 
microprocessor-based product. 

The course follows an earlier one from the 
Open University aimed at managers to give 
them insight into how the process of product 
development is affected by microprocessors. 
This was bought by 3,800 managers drawn from 
all industrial sectors. A survey showed that stu
dents on average passed on the course to five 
colleagues and found it to be relevant and of 

. high quality . . 
The course is written by microelectronic ex

perts at the University and is funded by the 
Microprocessor Application Project of the De-
partment oflndustry. . 

For course details and order form, wnte to 
MPO, Centre for Continuing Education, The 
Open University, PO Box 188, Milton Keynes, 
MK3 6HW or telephone 0908 79058 (24-hour 
service). 

Viewdata· oils 
capital's wheels 
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Stockbrokers in the UK can now turn to 
electronics to speed up the transmission of 
financial information to their clients and so 
compete more effectively with their business 
rivals. A private viewdata service set up by a 
new company, Videotex International Ltd, will 
enable them to send pages of textual informa
tion such as share prices, company news, com
modity prices and research material, to any 
client equipped with a standard viewdata termi
nal of the type used by the Prestel public ser-
vice. . 

This development, the first of its kind, is in 
fact an extension of a large private viewdata 
system already in use at the London Stock ~x
change. Called Topic (Teletext Output of Pnce 
Information by Computer) it presents the latest 
stock market prices on 1500 stocks and shares 
and also company announcements, exchange 
rates interest rates and commodity prices. But 
Topi~ is a one-way system, providing informa
tion only to members of the Stock Exchang~. To 
enable its stockbroker members to send pnvate 
information to their clients, the Stock Exchange 
is now allowing them to become providers as · 
well as recipients of information. They will be 
able to create and ·maintain, in the Topic data
base, their own pages of information specifically 
compiled to suit the needs of thei~ c!ients. Th~y 
can also specify precisely the recipients of this 
information. These can be individual clients or
groups of clients, and groups with common 
interests can be members of a "closed user 
group" - a concept already pioneered by the 
British Telecom for Prestel. By the end of 1981 
the Stock Exchange expects to have about ten 

· such information providers. 
To make use of this new facility, stockbrokers 

can apply directly to the Stock Exchange's tech
nical services department or they can become a 
"sub information provider" to an already estab
lished information provider. This second alter
native means joining a viewdata service bureau 
- which is what the new company Videotex 
International is offering, from a room within the 
London Stock Exchange. Formed by Hambros 
Bank Modcomp (who provided the Topic com
puter) and Telemachus (makers of editing and 
other equipment), the company undertakes Con
sultancy' database aesign, training and tht; 
supply of hardware, but, perhaps most imp?r
tant, it offers a variety of methods by which 
stockbrokers can feed in their pages of textual 
information. These range from filling in forms, 
through supervised and unsupervised editi_ng, 
to the use by a stockbroker at his own premises 
of his own editing terminal, which can either be 
connected on-line to the bureau's database or be 
operated off-line, working int~ a local magnetic 
disc store. -In the off-line case the contents ofthe 
disc store can be transferred in bulk either 
directly to the Topic database or to the bureau's 
database. 

In introducing the service, Harry Fitzgib
bons a director of Ham bros Bank, claimed that 
one ~dvantage of viewdata type information 
systems over earlier data processi~g systems w~s 
the familiar appearance of the viewdata tenru
nal. In the past businessmen had been some
what repelled by the "high technology" appear
ance of computer terminals, but because the 
viewdata terminal was superficially the same as 
a domestic television set - and indeed could be 
used as such - they felt much more comfort
able with it in their offices and more ready to 
operate it themselves. 
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Recharging dry batteries 
With a flourish on trumpets Fidelity have an
nounced their new portable radio, The Battery 
Saver, which runs on an ordinary PP9-type bat
tery or from the mains. When connected to the 
mains, an automatic battery charger operates 
and continues to do so even if the set is switched 
off. Fidelity claim that the battery will last four 
times as long and that the radio would almost 
pay for itself in the cost of batteries over a five
year period. 

Recharging Leclanche cells is a subject which 
has recurred many times; as long ago as 1953 
Wireless World published an ~rticle by R. W. 
Hallows on 'Reactivating the dry cell'. In 1955 
we published a description by the same author 
of the Elektrophoor reactivator. This used a 
half-wave rectifier with a resistor in parallel to 
provide 'dirty' de and proved to be very 
successful in redepositing the zinc in the cells. 
In a follow-up article in 1958, Mr Hallows re
ported: "One's biggest surprise on opening the 
can of a cell which has been many times 
discharged and subsequently reactivated by the 
Elektrophoor is to find as a rule no trace of 
luinpy or spongy deposits, but a hard, even 
inner surface. The superimposed ac (on the de 
recharging supply) not only produces this most 
desirable result, but also speeds up the process 
of depolarisation and makes it more complete." 
The Elektrophoor was the invention of a Dutch 
engineer, Mijnheer Beer. · 

An Ever-Ready spokesman has told us that 
their PP9 batteries can be recharged as long as 
they are not discharged by more than 10 to 15% 
and as long as the charging current is very 
carefully controlled. Any overcharge would lead 
to the production of gast:s which would lead to 
the layers of the battery being forced apart giv
ing a very high internal resistance or open cir
cuit within the battery. The circular leakproof 
batteries (with which Mr Hallows was so happy 
in the 1950's) are very well sealed and any pro
duction of gas inside could lead to a build-up of 
pressure and a possible explosion with the cen-

News in brief 
Technomatic has opened a new retail shop at 
305 Edgware Road, London W2 in the centre of 
'component land'. At the same time they have 
become an official distributor for the Texas In
strument range of components . 

End of public broadcasting now in sight? is the 
provocative title of the Royal Television 
Society's Convention to be held in Cambridge, 
17-20 September 1981. The Convention will 
examine the transformation of broadcasting 
which is already under way. The upheaval re
sulting from satellite transmission, cable distri
bution and home video is likely to have a 
profound effect on the course of broadcasting. 
The convention will also consider the financing 
of broadcasting, the effect of the fourth channel 
and will take a look at the broadening of televi
sion access and relate this to the work of the new 
Complaints Commission. Details are available 
from the Royal Television Society, Tavistock 
House East, Tavistock Square, London WCIH 
9HR. 

Wilmslow Audio who supply loudspeakers and 
kits for loudspeaker designs, have moved to new 
premises at 35/39 Church Street, Wilmslow, 
Cheshire SK9 lAS. Telephone: 0625 529599. 
One of their latest offerings is a range of 
Wharfedale kits, the E50, E70 and E90. The 

The Fidelity Battery Saver portable radio 
set which incorporates a battery charger 
· for the dry cell battery. · 

tral carbon rod becoming a lethal weapon. The 
Spokesman also pointed out that the idea was 
not original; Telefu~ken have produced equip
ment which recharged its batteries, but the 
round cells were chosen and the equipment was 
withdrawn from the market very rapidly . . 
Cinema usherettes used to hand in their torches 
after their shift to have the batteries recharged. 
T3at was thirty or forty year ago. He doubted 
that the Fidelity radio would be as successful as 
was claimed. Fidelity assume that the set would 
normally be used on the mains with occasional 
use at different locations when powered by the 
batteries. Ever-Ready surveys showed that 
portable sets were mostly used on battery 
power. 

kits are supplied with all panels accurately cut to 
size and the baffle boards have the necessary 
speaker apertures cut and rebated as required. 
All the available kits are on demonstration at the 
new location. 

When a home computer becomes popular 
- enough, its users get together to form a users 

club to exchange experiences, share programs 
and news. The ZX80/ZX81 Users' Club is an 
independent user group for those who have a 
Sinclair computer. The club caters for all types 
of user from the beginner to the more exper
ienced user who may wish to expand his system. 
There is a regular newsletter containing articles 
on basic computing, various aspects of comput
ing and hardware. There is a 'software bank' to 
provide software to members at minimal cost. 
The club provides technical support for its 
members. The address of the club is PO Box 
159, Kingston upon Thames, Surrey KT2 
SUQ. 

Zilog have announc~d another of the Z series of 
microprocessors. The Z800 ,is an 8-bit 
microprocessor which is code compatible with 
the Z80 and includes multiply and divide in
structions, a three-times performance improve
ment over the Z80A, it is available in 8- or 16-
bit bus versions and includes an on-board 
memory mapper for addressing up to 4 mega
bytes of memory. The Z800 will be available in 
mid-1982. 
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After the crash 
When a maiJlllloth corporation crashes a lot of 
the dependent companies are affected and in the 
case of Rank many offshoots, some of them 
older than the Rank corporation were involved. 
We have heard that the Bush Radio brand name 
has been acquired by Interstate Electronics, 
who market radios, cassette players and 
electronic clock-radios manufactured in the Far 
East. They have changed their company name 
to Bush Radio but will continue to market their 
existing product ranges under the Insterstate 
label. . 

Following the closure of Rank-Toshiba, their 
Plymouth factory for the production of tv re
ceivers is to be re-opened by Toshiba Consumer 
Products (UK) Ltd. The company is operated 
through Toshiba · (UK) Ltd, the British-based 
marketing company of the Toshiba Cor
poration. The company has recruited its em
ployees almost entirely from former Rank-To
shiba personneL 

Meanwhile one of the surviving branches, 
Rank Hi Fi, have appointed a new research and 
development manager, Mr Ken Russell, who 
will be responsible for co-ordinating all research 
at Wharfedale, the loudspeaker manufacturers , 
and at Heco, the. West German sister company. 

Mr Russell will also be in charge of speaker 
development and new product co-ordination for 
the Rank Hi Fi group. 

Ken Russell, newly appointed research and 
development manager of Rank Hi Fi. 

lnmos are ready to sell 
Described recently in the Guardian as the 
world's biggest venture capital operation, Inmos 
have announced that they have appointed Rapid 
Recall and Hawke Cramer to distribute its pro
ducts in the UK. At the same time they have 
launched the Inmos IMS1400 a 16K x 1 static 
r.a.m. 

The IMS1400 has 45ns access time and a 
maximum power dissipation of 660m W, which 
allows for high-density packing. It is the first 
commercially available product, claims Inmos, 
to incorporate redundancy, allowing the re
placement of memory cells . Currently manufac
tured in the · US, European production of the 
IMS 1400 will commence in the large scale 
'manufacturing facility' due to go into operation 
in Newport, Gwent in mid-1982 . 

Considering that £50 million of public money 
has been spent to set up Inmos, we wish it all 
success. 
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Raising 
standards 

For a quarter of a century 
leading recording, 
broadcasting and 
loudspeaker engineers have· 
used the Quad electrostatic 
loudspeaker as a standard of 
reference. Its influence on 
the quality of reproduction 
which we have come to 
expect has been 
considerable. 

The introduction of its 
successor, the Quad ESL-63 
is an event of great 
significance , destined to set 
the standards for the future . 
It is no coincidence that the 
first customers for the Quad 
ESL-63 have been recording 
and broadcasting engineers 
and loudspeaker 
manufacturers . 

QURD is a regis tered trade mark. 

The Quad 
ESL-63 a t Harrogate 

The Quad ESL-63 will be 
on demonstration at the 
Harrogate International 
Festival of Sound August 
15th-18th in the Duchy 
Romn~Cairn Hotel. 

Cmnplimentary tickets 
for demonstrations 
may be obtained in 
advance ~I by writing~ 
to or ,,,,, 
telephoning ... (.... 
T he Acoustical /1 

Manufacturing 
Co. Ltd ., stating 
day and time preferred . 

De1nonstrations will be 
held every twenty minutes 
from 11.00 a.1n . to 7.40 p.m. 
on Saturday 15th and Sunday 
16th August and at the same 
times on Friday the 14th. 

WW- 059 FORFURTHER DETAILS 

71 

www.americanradiohistory.com

www.americanradiohistory.com


72 

RftDIOftND 
T£l£V1S10N 
S£RV1C1NG 
1980·81 MOD£lS 
Editor 
R N Wainwright, T.Eng. (CEI), F.S.E.R. T. 
The latest volume in the Radio and Television 
Servicing series-
• Quick reference to hundreds of models 
e Essential service information-Television 
(Colour and Monochrome), Radio- (Portables, 
Clock Radios, Cassettes, In-car, Unit Audio, 
Record Players) 
e Latest design techniques described 
e Receiver adiustment and alignment e Manufacturers' recommended modifications 
Receiver makes covered in Radio and Television Servicing 
1980-81 Models: -
Television Receivers (Colour and Monochrome) Alba, Bush, 
Crown, Decca, D>'natron, Ferguson, G.E.C., Grundig, Hitachi, 
I.T.T., J.V.C., Murphy, National, Philips, Plustron, Pye, Roberts Video, 
Sanyo, Sony, T.C.E., Toshiba, Ultra, Vega, Waltham. 
Radio Receivers (Tape Recorders, Record players, etc.) Alba, 
Binatone, Bush, Crown, Ferguson, Fidelity, Hacker Sound, Hitachi, 
J.V.C., Murphy, Philips, Pye, Roberts Radio, Sanyo, Sharp, Sony, · 
Ultra, Vega, Waltham. 
An essential reference book for all service 
engineers. £17.50 13 August 
Previous volumes available are as follows: 
1968-69 (£4.25) 1971-72 (£6.00) 1973-7 4 (£6.50) 197 4-75 
(£7.00) 1975-76 (£8.50) 1976-77 (£9.50} .1977-78 (£10.00) 
1978-79 (£11.50) 1979-80 (£14.50) 
Enquiries to Sales Dept., Macdonald and Company Publishers Ltd., 
From booksellers, or in case of difficulty, please use the form below. 
---:---------------To: The Sales Department, Macdonald and Company 
Publishers Ltd., 8 Shepherdess Walk, London Nl. 
Please send me ........... copy (ies) of RADIO AND TELEVISION 
SERVICING 1980-81 Models at £17.50 per copy (post paid). 
I enclose my cheque/PO for£ .......................................... .. 
(made payable to Macdonald and Company Publishers Ltd.) 
or debit my-
0 Access 0 American Express 
0 Diners Club 0 Barclay Card 
My card number is ..................................................... . 
Signature ....................................... Date ................. .. 
GIRO A/C No. 205/4221 
Name ...................................................................... . 
Address ........................... ........................................ . ................................................................................ 
Please _allow 28 days for delivery 

JM&CCITJ)(Q)Nf&1LITJ) 
Macdonald c_;- Co. (Publishers) Ltd. 

DT-410, 10 MHz -
* CHl, CH2 :5mv/div- 20v/div. 
*Time Base : 1 sec/div-100ns/div. 
* XV Facility: Matched XV inputs. 
*Trigger: Level control,± Slope 

selection. -
*Auto, Normal, TV Triggering. 

WIRELESS WORLD AUGUST 1981 

* Z-Modulation. 
*CAL output 1v 1kHz. 
* Graticule blue ruled 8x10 div. (4in. CRT). 
*Size: H215mm, W165mm, D280mm. 
* Weight: 4kg. 

SAFGAN ELECTRONICS LTD. iiJtli 24 GUILDFORD ROAD, WOKING, SURREY ··~ Ruyo--.. TEL WOKING (04862) 69560 
(G99ds + £6.50 parcel service+ 15%1 

LONDON STOCKIST: AUDIO ELECTRONICS. TEL 01-724 3564 NORTH-WEST STOCKIST: DAROM WARRINGTON, CHESHIRE. 

SEMEL-ABACUS 
MICROCOMPUTER Features: 

Z-80 4MHz CPU 
64K Memory 
Two Serial Ports 
Two Parallel Ports 
S100 System 
Can Support MP/M 

------------·- .:------ --- From £1,995 

STRUTT LTD. 
. 3d BARLEY MARKET STREET, TAVISTOCK 

DEVON PL 19 OJF, ENGLAND 

Tel. Tavistock (0822) 5247. Telex: 45263 

WW047-FOR FURTHER DETAILS 
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Is radiation resistance real? 
A real resistance produces thermal noise ?nd absorbs power~ 

but does radiation resistance? And why does 1t depend on the rat1o of 
aerial size to wavelength? 

One is tempted to think of resistance as 
being a property of resistors, the latter 
being typified by lengths of wire of h!gh 
resistivity, thin films of carbon or metal and 
suitable bodies of high-resistivity material 
like carbon, germanium or silicon. But 
resistance can be more generally defined 
either as "that element of a circuit which 
absorbs power" or as "that element of a 
circuit which is the seat of Johnson (ther
mal) noise in accordance with Nyquist's 
theorem". These two are in fact equiva
lent, because there is a "fluctuation-dissi
pation" theorem which says th~t . eve!y
thing which is capable of dissipaung 
energy will exhibit the fluctuations which 
we call thermal noise. 

Johnson noise 
Look first at the second criterion, the 
Johnson or thermal noise, which ·in 
material resistors is often described as the 
Brownian motion of electrons. This is par
ticularly appropriate to receiving aeri~ls. 
Starting with the work of Lorentz1 usmg 
classical physics and continuing with B~k
ker and Heller2 using quantum mecharucs, 
it was possible to show that the application 
of established kinetic theory of gases to the 
conduction electrons in a metal leads to the 
well-known relations between mean
square noise voltage or current and resis
tance or conductance: 

V~f=4RkTdf (la) 
I~f=4GkTdf (lb) 

Here V~f or /~f is the mean square of the 
random (noise) voltage or current within 
bandwidth df, R or G the resistance or 
conductance involved, T the absolute tem
perature and k Boltzmann's constant. The 
equations 1 give the mean-square voltage 
or current components in a narrow fre
quency band df. A fact which is most eas
ily derived by the mathematical techniq~e 
of contour integration of a complex vana
ble is that the mean-square of the total 
voltage or current (including components 
of all frequencies from zero to infinite fre
quency) is 

Vfot=kTIC 
I~ot·=kTIL 

(2a) 
(2b) 

where C and L are the residual reactive 
components to which the circuit reduces at 

Biographical details of Professor Bell appeared 
in the January issue, page 60. 

, by D. A. Bell, F.lnst.P., F.I.E.E. 

infinite frequency. Formula 2b was de
rived by Brillouin3 from a theoretical 
investigation of the behaviour of conduc
tion electrons in a metal. But radiation 
resistance arises from the launching of 
electromagnetic waves into space, so it 
would appear not to have any system of 
conduction electrons in random motion 
which could be the seat of Johnson noise. 

One must therefore back-track to the 
origin of the idea of Brownian motion and 
follow a fresh track that leads eventually to 
Nyquist's derivation4 of equations 1, 
which is independent of the internal mech
anism of the resistance. The botanist 
Brown observed through a microscope that 
pollen grains suspended in water were in 
continual random motion. At the time 
there was controversy as to whether this 
was due to the pollen being alive, but we 
know now that it was not - given a suffi
ciently high power microscope the same 
effect occurs with a dilute suspension of 
Indian ink in water - rather it was due to 
collisions between the pollen grains and 
the molecules of water. 

To take a simple case, suppose a quan
tity of mercury vapour is mixed with 
lighter gas, such as the nitrogen and oxy
gen of air. At equilibrium, how will the 
energy of the heavy molecules of mercury 
compare with that of the lighter molecules 
of gas? The answer given by statistical 
mechanics is that it will be the same, and 
that every object of whatever mass or 
nature will have an average energy (in ther
mal equilibrium) of VzkT per degree of 
freedom*. This rule is equally true of gas 
molecules, suspended particles, larger 
mechanical systems and electric circuits. 
As an example of a large mechanical 
system Kappler5 made a torsion pendulum 
by suspending a small slip of silvered glass 
on a quartz fibre. The angular movement 
of this mirror. corresponded to a mean 
energy kT and could be explained by the 
unequal random bombardment with air 

* In case the concept of "degree of freedom" 
causes difficulty, the number of degrees is equal 
to the number of co-ordinates which must be 
specified to define the motion of the object or 
system. A spherically symmetrical body - the 
.idealized monatomic gas molecule - has 
three degrees of freedom corresponding to t~e 
x,y and z components of motion. An harmomc 
oscillator has two degrees of freedom corre
sponding to the amplitude of oscillation an.d the 
speed with which it passes through the pomt of 
zero displacement, or to the voltage and current 
in an electrical resonant circuit. 

molecules of different parts of its surface. 
So would the effect be eliminated by sus
pending the mirror in a vacuum? Reducing 
the pressure to 4x 10-3 atmosphere al
tered the waveform (because the reduced 
damping led to sharper resonance) but did 
not alter the total energy. If the system 
were perfectly evacuated, the mirror could 
still receive thermal energy via its suspen
sion, or in the last resort by radiation ' 
pressure on it. The point of this last sug
gestion is that as long as a system is obser
vable it must by definition be able to ex
change energy in some form with its 
surroundings. 

Then at the beginning of the century 
Lord Rayleigh6 suggested in connection 
with black-body radiation that a box full of 
radiation would have a number of degrees 
of freedom equal to the number of modes 
of standing wave which could be estab
lished in it. (This led to prediction of the 
"ultra-violet catastrophe" anci to the intro
duction of quantum theory.) In due course 
Nyquist adopted the similar idea that the 
number of degrees of freedom of a trans
mission line was determined by the 
number of standing-wave modes which it 
will support, and matching the characteris
tic impedance of the line to a resistive 
termination then leads to equations 1. A 
slightly modified version of Nyquist's deri
vation is given in Appendix 1. Jhe impor
tant point is that as this only depends on 
matching R to the Zo of the transmission 
line, anything which behaves circuit-~ise 
as a resistance will satisfy the equauon, 
regardless of its internal mechanism. 

Thinking of a receiving aerial, from Ny
quist it need only appear circuit-wise to 
have a resistance, e.g. as seen from im
pedance measurements at its feeder termi
nals. Secondly from general equipartition 
theory the noise power in that resistance 
will depend on its exchange of energy with 
the outside universe. For example, if the 
aerial of a satellite ground station is 
pointed at an empty region of space (empty 
meaning a region which does not contain 
any distinguishable radio sources) the tem
perature of the radiation resistance will be 
very low; but if it is pointed very near the 
horizon its temperature will be approxi
mately that of the earth's surface or aunos
phere. (At lower frequencies it is custom
ary to add in various forms of interference 
from thunderstorms etc. by attributing a 
higher equivalent temperature to the radia
tion resistance.) 
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Absorption of power 
For the radiation resistance of a transmit
ting aerial one can use the alternative defi
nition: that element of a circuit which ab
sorbs power. It is then said that if r.m.s. 
current i flows in an aerial of radiation 
resistance Rr to radiate power W then 
·zR , 
t r = W. There are then two methods of 
calculating Rr when the geometry 'of the 
aerial is known. · 

The first, the Poynting vector method 
is to calculate the field from a given cur~ 
rent and hence the power density at all 

1 points on a sphere surrounding the aerial 
and so by integration of the power densit; 
over the surface of the sphere to find the 
total power radiated. The mathematics is 
tedious, but radiation resistance is usually 
proportional to the square of hi"A where h is 
the length of aerial and "A the working 
wavelen~th: for a straight wire with h«"A, 
Rr=80n (hl/...)2• 

The second method is to calculate the 
in-phase e.m.f. which is induced in all 
parts of the aerial by its own current. In 
many practical cases this also involves ma
thematical complexity, but a circular loop 
can provide a simple example which gives 
some insight into the reason for Rr de
pending on the ratio of size of aerial to 
wavelength. In the figure a current i=i 
sin(2nc/"A)t is supposed to circulate round 
the loop, having the same phase at all 
points. The magnetic field adjacent to dl' 

but due to the current in dl will be delayed 
by the time taken for it to travel between 
the two points and so will be slightiy out of 
phase with the current in dl'. If there were 
~o delay the e.m.f. induced in dl', propor
tional to the rate of change of magnetic 
field, would be exactly in quadrature with 
the current and the effect would be des
cri~ed as inductive; but the delay produces 
an m-phase component, which results in 
power dissipation and so is resistive. That 
is why all aerial systems have a radiation 
resistance which is a function of the ratio 
of aerial size to wavelength. t The mathe
matical evaluation for the circular loop 
leads to Rr=20n2(2fta!l,)\ Appendix .2. 

The radiation resistance of an aerial is, 
of course, the same for both transmission 
and recepti9n. It satisfies both the essential 
~ri_teria of a "real" resistance, namely that 
It IS the seat of ] ohnson noise and it ab
sorbs power. Radiation resistance is 
therefore a real resistance in the same way, 
for example, as the high-frequency loss 
resistance of an air-cored inductor (largely 
due to eddy currents) or the loss resistance 
of a capacitor. Both of these resistances 
like radiation resistance, vary with fre~ 
quency. Resistance is a circuit concept 

t The constancy of phase of the current around 
the lo_op might be questioned, but it is not 
essential. If the magnetic field at dl' is not later 
than the current at dl', because of the time 
taken for current to travel round the loop be
tw~en the two points, then conversely the mag
netic field at dl due to current in dl' will be still 
further behind the current at dl; and provided 
th~ effects are small, which fqllows from postu
lating that a« 190, the overall effect will be the 
same as though the current were in constant 
phase. 

wh_ich can be applied to anything which 
satisfies the two criteria of fluctuation and· 
dissipation. 
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Appendix 1: Nyquist's transmis
sion line 
Figure (a) represents a loss-free transmission 
lin~ of f!.nite length l, open-circuited at its ends. 
Thts wtll support a standing wave of . every 

wavelength such that lis an integral multiple ' of 
/..12, and the number of such within a narrow 
frequency band df is 2ldf!c where cis the veloc
ity of propagation. Each standing wave, like a 
harmonic oscillator, has two degrees of freedom 

,and therefore mean thermal energy kT. The 
energy per unit length of line is then 2kTdf!c. 
This is the resultant of two travelling waves 
moving in opposite directions with velocity of 
propagation c and therefore carrying power 
kTdf each. Now let the line be extended to 
infinite length, but cut at the position of the 
observer and the right-hand part replaced by a 
resistor R matched to the characteristic im
pedance Z 0 of the line. Because the termination 
is matched, conditions in the remaining half of 
the transmission line are unchanged. Therefore 
power kTdf will flow along the transmission line 
into R and equal power must flow from R into 
the line. As indicated in figure (c) this can be 
represented by combining with a noise-free re
sistor or conductor a voltage or current genera-

(a) 

[b) 

J2 d 

(c) 

Nyquist's formula for Johnson (thermal) 
noise is deduced from consideration of 
standing waves on a transmission line. 
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Method of calculating radiation resistance 
for simple circular loop aerial assumes 
uniform current. Interaction between 
elements dl and dl' is calculated and then 
extended to the whole periphery by 
integration in Appendix 2. 

tor having the respective values 

Vaf=4RkTdf 

Iac=4GkTdf. 

This treatment departs slightly from Nyquist's 
original derivation. 

Appendix 2: Radiation resistance 
of small circular loop 
The e.m.f. induced in an element dl will be 
obtained from the magnetic vector potential A 
at that point according to 

~e=-E. dl=(dA/dt). dl (AI) 

where a negative sign has been added on the left 
because the e.m.f. is opposed to the current. 
(Bold-face type is used for vectors and § means 
"integral around the circle".) If the current in 
the loop is i=i0exp jwt equation AI leads to 

e=jwi0expjwt(fl/4n)££ exp( ~jwrlv) dl . dl' 

JJ (A2) ' 
w~ere the double integration around the loop 
anses as follows. First find the e.m.f. in dl' due 
to current in dl and integrate dl' round the circle 
to find the total e.m.f. due to current in dl· and 
then integrate dl round the circle to find the 
total effect for the whole of the current. The 

· part of e which is in phase with the current is the 
real part of equation A2, but because of the 
initial j this comes from the imaginary part of 
the_ integrand, replacing exp( -jwrlv) by 
-sm( -wr/v). Now expand the sine as a series 
of powers of wrlv and discard the first power 
because division by r will make it constant and 

§§ dl.dl'=O. The cubic term is then the leading 
termand - · 

Rr=eli=l!:rtrh w
4
:dl. dl'. 4iJ'J3!v (A3) 

Now from the geometry shown above 

dl. d~' = ?l dl'cosq,, dl'=adq, and r=2asin<P/2. 
Substltutmg these expressions in equation A3, 

~e~e~b~ring that wlv=2n!A. and flV is "the 
mtnnstc Impedance of free space" which equals 
120rc, equation A4 evaluates to 
Rr= 20n2(2na!A. )4• 
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Correlator for angles 
Measures rotary effects such as timing scatter in ·vehicle ignition 

by T. Spencer, B.Sc.(Eng.), M.Sc.(Eng.), M.Sc., M.I.E.E. 

This digital correlator, operating by 
the coincidence of pulses 
representing angles of rotation~ gives 
the instantaneous cross-correlation 
between a selected and a measured 
angle and also its frequency of 
occurrence. It can be used for 
checking timing scatter in automobile 
ig.nition systems, bf.lt is also suitable 
for converting a continuous 
electronically scanned 

/ omnidirectional surveillance radar 
receiver into one with a variable 
·scanning rate. 

Engineers may wish to compare the per
formances -of automobile ignition systems 
under laboratory and field conditions in 
order to select the best system. This might 
be done, for example, before applying 
closed-loop control to engines to optimize 
performance and efficiency under variable 
load and environmental conditions while 
minimizing exhaust emissions. Doubts 
have been expressed about the reliability 
and consistency of spark ignition at some 
specified angle of advance and it would 
seem reasonable to expect a spread in the 
ignition time, particularly when using the 
conventional mechanical ignition system. 
The elimination of spring-operated point 
contacts, with · their inherent contact 
bounce, high erosion rate, variation of 
dwell time with speed and other character
istics of the cam-operated mechanical 

(h) 

Cross
correlator 
reference 

circuit 

(a) 

Chopper 
reference 

Manual 
angle 

selector 

(f) 

~--'""'i 
Chopper output 

Zero
crossing 
detector 

switch, including backlash, friction and 
wear, should reduce the probability of 
spread in the ignition time. A high degree 
of consistency in ignition time can 
therefore be expected from electronic igni
tion systems not using mechanically 
operated contacts. 

Because of the statistical nature of the 
problem, a measure of the spark scatter 
about a modal value can be obtained by 
cross-correlating the firing angle with a 
selected angle (i.e. summing the product 
of their instantaneous values with time) to 
produce an angular frequency distribu
tion. This could be defined in terms of the 
standard deviation, if a theoretical distri
bution can be determined from the mea
surements at a given speed. The system 
having the greatest frequency at the 
nominal, or modal, angle will have the 
smallest standard deviation or spread, de
termined by counting (or integrating) the 
cross-correlator output over a range of 
angles about the modal value. By selecting 
the most suitable ignition system on this 
basis, the type of distribution associated 0 

with it could be determined, to give a 
suitable performance criterion. 

Cross-co rre I at ion 
The principle of the correlator used in this 
technique is as follows. Two independent 
inputs j(t) and i(t) are applied to a coinci
dence circuit or AND gate, whose output 
K(t), a function of their product, is then 

Digital 
counter 

Bistable 

summed over a time T. A continuous train 
of such outputs may be formally stated as : 

r .. l:fr 
Ry(t)=T~~f/Jo . j(t)i(t+t)dt 

a cross-correhition function. 1: is an arbi
trary time delay between the two inputs, 
which for reasonable co-incidence, may be 
considered to be zero. 

If j(t) and i(t) are known and unknown 
inputs corresponding respectively to a 
selected three-digit encoder output and a· 
test pulse (e.g. an internal combustion en
gine spark ignition pulse at a preset or 
required angle of advance) the output K(t) 
or Rij(O) after summing (counting or inte
grating) over a finite time, equals the fre
quency of i(t) when coincidence is perfect. 
This process of cross-correlation is effected 
in Fig. 1 by the two-input NAND gate 
with waveforms (j) and (i) in Fig 2 applied 
to it. After inversion, its output (K) is 
eventually summed in a digital counter as a 
measure of the frequency of the ignition 
trigger or test pulse (i). 

The digital correlator 
In Fig. 1, a train of 360 equally-spaced 
pulses per engine revolution, independent 

Fig. 1. Schematic of a cross-correlator 
channel. Waveforms at the reference 
points (a), (b), (c) etc. are shown in Fig. 2. 

High -pass 
filter 
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(a) Reference 

(b) Reference -: f..-1"
1 

I 

~--------------------------------------~ 

(c) Bistable -: 1-1"1 
I 

---------~~------------------------~RC~-------
1 d) Delay --; 1- 1"1 

I 

1n n --le_)_R_e-se_t ______ ~~~ ~~-1"------------------------------------~, ~------
:: 4 1 1"'1 , .. UlilJU1j,.., 1-, ,-, MrlJ1j'-l ~-·1 

: : : : : : : I II I I : I : l _______ J LJ I 1: I:_ ----------------- ___ j LJ L : I u : ___ _ 
(f) Input ,.,.---------360 pulses /rev. 1, --1 1- T 

-------~~ ~~-----(g) Ref. inhibit i [ 1'2 1- ; 

!I t i 
(h) Input inhibit ;: 350° : 

I I I 

~1 n n1 n ------------~'1~·--------~- ~-----------------------~--~:~': ________ ~! L :: · 315° I : ( i) Test pulse 
II I I --Ti!L _______ _:ti--: -------iL ______ -£ 

(j) Gate 1 ' 
I I 

_ ____.__~h ~ 
(k) Output 1 1 I I 

of speed, is applied to a 9-stage counter 
used as a comparator for a 9-bit binary 
word. Corresponding collectors of each 
comparator stage are simultaneously ap
plied to one input of nine two-input 
NAND and NOR gates in parallel. The 
second inputs of these accept from an en
coder one of nine bits defining the selected 
word or ignition angle. When the compar
ator input pulse corresponding to the re
quired angle of advance produces simul
taneous coincidence at each of the nine 
parallel two-input gates, each NOR gate 
output is inverted before enabling its 
parallel NAND gate output at a second 
NAND gate. 

Reference to the respective truth tables 
shows that whether coincidence is positive 
or zero, this second gate is inhibited with a 
positive output using t. t.l. circuits for po
sitive logic; in the absence of parallel 
coincidence, its output is zero. 

At coincidence the nine respective posi
tive channel outputs are applied simul
taneously to three three-input NAND 
gates whose outputs are inverted and ap
plied to a single three-input NAND gate. 
Its output inhibits the comparator input 
pulse train and, when inverted, simul
taneously enables a two-input NAND gate 
to which is applied the trigger pulse of the 

igmtwn system being tested. At coinci
dence, its output defines the instantaneous 
angular cross-correlation. 

By counting these angular outputs, the 
average cross-correlation is obtained, that 
is, the angular frequency. If coincidence 
occurs within the 1 o resolution, correlation 
will be complete. Any spread in either the 
instant of triggering or, alternatively, of 
gap-breakdown exceeding 1 o, will reduce 
the correlation below 100% or the fre
quency from its maximum value. the de
gree of correlation or frequency of the cor
relator output at constant speed is 
therefore a measure of the efficiency of the 
spark ignition system under test over a 
period long compared with the time of one 
revolution at a selected ignition angle of 
advance. 

Although the output frequency defines 
the cross-correlation between the selected 
and measured angle of advance, if the lat
ter was the angular trigger pulse, then the 
correlator output, after inversion, could 
enable another two-input NAND gate to 
which is applied the spark-gap breakdown 
pulse, thereby simultaneously cross-corre
lating the ignition system trigger and gap
breakdown pulses with the selected angle. 
Frovision is actually made for this in the 
correlator. The angular resolution is deter-
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Fig. 2. Waveforms of the cross-correlator 
tndicated by reference letters in Figs. 2 
and 3. 

mined by the number of slots on an input 
chopping disc and is halved by using a zero 
crossing detector; for a 1 o resolution, only 
180 slots are required on the chopping 
disc. . 

The inhibit pulse cannot be ~sed to reset 
the comparator, because in doing so, the 
comparator input will no longer be in
hibited and counting will again begin im
mediately. The comparator m4st remain 
inhibited at the selected angle of ignition 
until a reference pulse resets it with mono
stable T3 in Fig. 3; the comparator reset 
pulse must be negative relative to the posi
tive supply potential. 

Since the comparator will begin 
counting pulses immediately the chopping 
disc begins to rotate, with only those input 
pulses following the reference pulse being 
significant, it will be necessary to inhibit 
any input pulses preceding it. In the 
system diagram of Fig. 3, the correlator 
input pulses from a zero-crossing detector 
are applied to a positive NAND gate 
(preceding the comparator input) which 
may or may not be inhibited by the · bi
stable output Q. If Q enables the NAND 
gate, its output after inversion is simul
taneously applied to the comparator and a 
360-pulse counter, whose output using 
monostable T2 is applied to an Exclusive
OR circuit which will reset Q to Q and 
inhibit the positive NAND gate if 360 
pulses are applied to it. Had this gate been 
initially inhibited, there would be no coun
ter output to enable it with the Exclusive
OR and bistable circuits. 

When a reference pulse from the chop- · 
ping disc, using monostable TJ, is applied 
to the Exclusive-OR input in the absence 
ofa coincident cuunter output, it will trig
ger the bistable (on the trailing edge) and 
enable the NAND gate, if initially in
hibited. Simultaneously the reference 
pulse, coincident with the 360th input 
pulse from the zero-crossing detector, re
set the counter and comparator with a low
pass delay filter and monostable T3 before 
the next or first pulse of the sequence is 
applied to them; for the counter this is a 
precautionary measure since it resets itself 
at the end of the 360th pulse. At the 360th 
pulse, the counter output is coincident 
with and inhibits the reference pulse at the 
Exclusive-OR input, with the input 
NAND gate now permanently enabled. 

If the reference pulse initialiy inhibits 
the correlator input NAND gate, then one 
complete revolution of the chopping disc 
will occur before this gate is enabled and 
the sequence begins. A maximum of less 
than two and a minimum of almost one 
revolution of the chopping disc will 
therefore be necessary for periodic 
selection of the required ignition :mgle of 
advance: if 360 pulses are counted after 
one revolution, selection will have already' 
begun . 

The 9X41 diode ·encoder matrix has 41 
input angular position switches from 310° 
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to 350° with 1.8 k!l resistors connected 
across the + 5V supply to ground at each of 
the nine encoder outputs. Each output is 
applied to an inverting buffer ~hose out
put is again inverted for enabhng each of 
the nine parallel two-input NAND and 
NOR gates connected to the comparator 

Fig. 3_ Reference circuit for cross-correlator. See Fig. 2 for waveforms indicated by letter 
symbols. 

R1 
V, =K'w1---JVvv--.--.--; 

R 

"' """ ==l=o~~~~ib"''' 
collectors in Fig. 1. . 

The correlator operating waveforms are 
shown in Fig. 3. Waveform (h) is the out
put of the single three-input NA~D gate 
used for inhibiting the comparator mput of 
Fig. 2 and, when inverted, for gating the 
ignition trigger or . pl~~ gap-br~akdown 
pulse in Fig. 1. Its tratlmg edge 1s locked 

' to the encoder output, shifting to the left 
or right with the angular switch positions, 
and occurs at the instant the measured and 
selected angles are coincident. The lead~ng 
edge occurs at reset, that is, at the leadmg 
edge of(e) inverted. . 

Waveform (i) is a test pulse obtamed by 
locating a light source and detector at the 
157th slot; an output is obtained when the 
reference aperture below the 180~h slot 
passes through this position. Th1s test 
pulse is amplified and gat~d by (h), 
inverted and shifted to 315° (J) at a two
input NAND gate whose inverted output 
(k) is applied to the final two-input NAND 
gate of the correlator, enabled .by (1) to 
provide a direct measu~e o~ the disc speed. 

By applying the denvauve of (h) to the 
set (or preset) terminal of a J- K ~aster
slave SN7472N flip-flop and (f) to Its reset 
(or clear) terminal, a bistable o~tput .Cl) 1° 
wide and independent of speed 1s ava1lable 
for strobing the final NAND gate of the 
correlator. This permits the frequency 
distribution of its output to be scanned at 
the 1 o angular resolution of th~ cor~ela.tor, 
instead of obtaining a cumulauve dlstnbu
tion having a point of inflexion difficult to 
dei.~rmine if (k) is gated by (j) . 

Input pulse generation 
As the method of measurement depends 
on the amplitude of a pulse train the corre
lation between laboratory and field mea
surements should be good and indepen
dent of the respective prime movers for a 
constant angular resolution. The ig~ition ' 
systems being tested should also be mde
pendent of angular velocity pertur~ati~ns, 
particularly when using different d!st~Ib~
tors and an encoder reference. The d1stn-

E G 

Fig. 4. Velodvne speed control system. 

2n 

v2 = 127·5V SOn 

240k 

Chopping 
disc 

Fig. 5. Smoothing and phase advance 
circuit. 

t 
194k E 

~ 

Fig. 6. Circuit for proportional and integral control. 
200n 

v
1 

= 30V O--------"~M.r--...-.--vvv--1 
235k 

V2=127'5V 

butor automatic advance and retard mech
anism could cause angular or timing errors 
because of velocity perturbations; their 
effectiveness should vary inversely with 
angular resolution. Variatio~s i~ dw~ll and 
ignition timing through spnng. merua ~nd 
contact bounce, heel wear, pomts eroswn 
and mechanical imperfections could be 
comparable with the timing over . 1 o at 
speeds approaching 3000 r.t:.m ., wnhout 
being aggravated by veloc1~y l?erturba
tions, which also affect the kmetlc energy 
of the system. 

E 

To meet this requirement for constant 
speed, an electro-mechanical. or velodyne 
speed control system, in wh1c? speed of 
rotation is held closely proportional to an 
input voltage by feedback methods_, .was 
used with a conventional six-way distnbu
tor and 7 -in diameter, 180 slot, 0.25-in 
thick steel chopping disc coupled directly 
to the velodyne shaft (Fig. 4). 

As the viscous friction damping in the 
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speed control system of Fig. 4 may be 
negligible, its response will be highly oscil
latory, which is definitely unacceptable for 
this application, so the damping must be 
artifically increased . Both smoothed and 
phase-advanced output control, together 
with proportional and integral control, 
have been considered. An analysis of the 
former gives a velocity error of approxi
mately 35 r.p .m. using the constants of a 
modified Type 73 AP11084 velodyne with 
control amplifier gain G=306mAIV. T hat 
is, with a constant input, an output shaft 
deflection exceeding 3. 6 radians/ s will 
overload the amplifier. 

Velocity error or lag can be completely 
eliminated by the introduction of a term 
proportional to the integral of the error, in 
the system differential equation. A circuit 
suitable for use with the two-lag system of 
Fig . 5, and providing a control amplifier 
input proportional to the error and its inte
gral, is given in Fig. 6. (The component 
values of this have been derived in an ap
pendix which can be obtained by sending a 
large s.a.e . to Wireless World's editorial 
office) . In the steady state, the velocity 
error has been completely eliminated. 

An obvious advantage of integral control 
is that input perturbations , or interference 
of duration short compared with this re
sponse time, will not affect the control 
system. In determining the step response, 
the inertia of the distributor and chopping 
disc load were neglected and, provided the 
control amplifier gain G is sufficiently 
high, these should be of no consequence. 
It can be shown that the peak overload 
velocity overshoot is only 5 r.p .m.; with a 
constant input, an output deflection of 
29°/sec relative to the input will overload 
the control amplifier. 

The stability of the velodyne speed 
control system of Fig. 4, with proportional 
and integral control, is assured by the ra
pid logarithmic decrement of the step-re
sponse, which has a value of 0.64, given by 
6= 1jm/Y1-'\)J Z, where the damping factor 
'\jJ=0.2 . 

A lte rnat ive gat ing 
The parallel NOR and NAND circuits of 
Fig. 1, in each correlator channel, can be 
gated directly by the trigger pulse of the 
ignition system under test, thereby elimi
nating the encoder. By inhibiting the com
parator input as before and decoding the 9-
bit word stored in it, the angle of advance 
using either a visual or tape read-out will 
be known. However, an encoder provides 
the cross-correlator with a self-test capabil
ity without an ignition trigger pulse; it is 
thus able to synthesize a trigger pulse as 
well as measure it, which is not possible 
otherwise. 

Comparison of ign ition 
systems 
Fig. 7 shows some results from using the 
cross-correlation technique to test and 
compare different ignition systems. At (a) 
are the results from an opto-electronic trig
gered capacitor-discharge system with 
variable spark duration ; at (b) from a 
typical contact-operated c-d system; and. at 
(c) from a transistor-assisted contact 

system. In the graphs the positions of the 
graph lines along the "angle of advance" 
axes show the spreads of ignition timing (at 
1° intervals of angle of advance) at dif
ferent engine speeds (in r.p.m.). Thus the 
bunches of lines can be regarded as spec
tra. The length of each graph line shows on 
the "frequency" scale, the frequency or 
number of occurrences in the test interval, 
of firing (spark plug gap-breakdown) at a 
particular firing angle. 

The frequency spectrum of Fig. 7 (c) 
has an angular spread exceeding 10° at the 
highest speeds; the system (a) dis.tributor 
with its light-chopper could reduce or eli
minate these angular distributions. The 
bandwidth seems adequate with no reduc
tion in modal value with speed: the in-

- creased scatter with speed is due to distri
butor contact bounce and inertia as well as 
spring inertia. The use of a 22k0. suppres
sor resistor in system (b) could contribute 
to the increased scatter and low modal 
values at the lower speeds because of a 
larger breakdown current. 

In a four-cylinder engine, such high 
distributor speeds as are used for checking 
the correlator are unlikely, and for engine 
speeds up to 5000 r.p.m. the performance 
of system (c), a standard 12V inductive 
ignition system, is superior to that of 
system (b Ywhich is more complex. If the 
current switch was optically rather than 
mechanically triggered to eliminate the 
point contacts, its performance should 
equal that of system (a), which is complex 
and impracticable. While the use of long or 
.short pulses seem irrelevant here, their 
effect on engine performance is most im
portant3; a fast rise-time is essential, that 
is, adequate system bandwidth. 

The linear speed characteristic of Fig. 
7(a) for 100% correlation establishes the 
accuracy and reliability of the cross-corre
lator within its 1 o resolution. It could be 
tested without a synthesized trigger pulse 
by enabling waveform (j) in Fig. 1, with a 
SV supply and gating the nine respective 
comparator outputs at any selected angle 
within the encoder's range. However, an 
external pulse source checks the pulse am
plifier and the correlator's stability or abil
ity to respond to a test pulse at the set 
angle of advance and discriminate against 
spurious pulses over a realistic speed 
rang~. The results are co-nfirmed by the 
uniform correlator angular output of Fig. 
7(b) over a 9:1 speed range generated by 
the photo-optic distributor of system (a) 
even though the absolute angular values 
measured change in accordance with Fig. 
7(a). 

As the correlator's performance is inde
pendent of the prime mover, any discre
pancy between laboratory and field mea
surements can only be due to prime mover 
velocity perturbations, caused by wear and 
backlash in the mechanical transmission 
from the engine to the distributor, to
gether with the mechanical imperfections 
of the spring ·loaded point contacts, aggra
vated by the kinetic energy of the advance 
and retard mechanism. 

A quick method of selecting an ignition 
· system is to apply the voltage proportional 
to the ignition system spark plug gap-

79 
breakdown current, i.e. the ignition. scat
ter, to a two-input NAND gate enabled by 
the zero-crossing detector. The NAND 
gate output, after inversion, will consist of 
a train of discrete equally-spaced positive 
pulses at the gating repetition rate, having 
the same.envelope as the scattered ignition 
input, i.e. a discrete spectral distribution 
of the ignition energy per revolution. By 
integrating this discrete spectrum to give a 
continuous distribution envelope or sam
pling and holding it with a box-car circuit 
to give a discontinuous distribution enve
lope with time, it may be applied to a c.r.o. 
triggered by the chopping disc reference 
pulse. It may then be photographed, for 
example after one minute, for comparison 
with other ignition system energy distribu
tions. Unfortunately this method does not 
provide angular information or permit the 
measurement of the distributor spark-ad
vance characteristic. However, the stan
dard deviation by inspection of the distri
bution envelope will immediately indicate 

·the best ignition system at one particular 
speed, repeating the comparison if neces
sary over the whole speed range. This kind 
of selection is an example of the "ensem
ble" method of averaging while that using 
a cross-correlator is one of "time" averag
ing. In system (a) the statistical processes 
are stationary since from Fig. 7(a) the fre
quencies at a given speed are the same. 

Finally, although the correlator has been 
designed for selecting an ' ignition system 
by measuring the standard deviation of its 
angular distribution at a given speed, it 
would be a useful addition to a radar re
ceiver for determining precisely the 
bearing of a return pulse. It would be 
particularly suitable for use in a within
pulse scanning system4'5, with its fixed 
modulation or scanning frequency. By 
squaring the sinusoidal modulation wave
form and dividing it electronically into 
equal parts, _ depending on the angular re
solution required, the chopping-disc and 
velocity-control loop will be eliminated. 
Using a synchronized omnidirectional en
coder with the same resolution, attention 
can be focused on a stationary return pulse 
from any known direction exceeding the 
threshold level. The encoder effectively 
converts the continuous electronically
scanned omnidirectional surveillance radar 
receiver into one with a variable sc;anning 
rate, since it could be switched sequen
tially manually or electronically in either 
direction at any frequency. 
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~Fingernail' switches 
These 10 position binary coded . 
decimal units, called fingernail 
switches rather than · thurnbwheel 
switches because of their small size, 
have wire-wrap pins and can be 
joined together to form a solid unit 
for mounting at the rear of a panel. 
Switching capacity of the Super 
Miniature series is SOmA at 28V 
d.c. (resistive .load) with a contin
uous rating of between lOOf..lA and 
lOrnA. Contact resistance is 250rnn 
maximum and insulation resistance 
at 250V d.c., lOOMn. Tempera
ture range of the series is -20 to 
80°C and applications include com
puters, automatic control and mea
surement equipment and any situa
tion where a numeric value needs to 
be adjusted periodically but space is 
limited. Cosrnocord Ltd, Eleanor 
Cross Rd, Waltham Cross, Herts. 

WW301 

50MHz oscilloscopes 
Growing demands for low-cost, 
general-purpose oscilloscopes have 
led Tektronix to design the 2200 
series instruments, the first two 
versions of which have been re
cently announced. The 2213 at 

WW304 

£617 and 2215 at £785 both have 
50MHz bandwidth, 2rnV sensitiv
ity and dual trace. Basic differences 
between the two are that the 2215 
has a dual tirnebase and calibrated 
delay, whereas the 2213 has a single 
tirnebase and uncalibnited delay. 
As switched-mode power supplies 
are incorporated, consumption is 
kept low and mains input variations 
from 90 to 250V and 48 to 62Hz can 
be accepted without adjustment. 
Both units have beam-finding, 
automatic intensity and focus facili
ties and weigh 6.lkg each. For sen
sitivity settings above 20m V/cm, 
the bandwidth is increased . to 
60MHz. These portable . oscillo
scopes are designed for use in ser
vice departments, educational 
establishments and other such sec
tors and will be available through 
Electroplan. Tektronix UK Ltd, 
Beaverton House, PO Box 69, Har
penden, Herts . 
WW302 

High-voltage probe 
Availability of a probe with a built 
in meter for measuring up to 40kV 
d.c. has been announced by Sin
clair Electronics Ltd. The LHM-
80A, from the Japanese company WW301 

Leader, has an analogue meter built 
into its handle which gives readings 
in 2kV steps with a maximum error 
of ±3%. The LHM-80A weighs 
300g and costs £16 excluding v.a.t. 
Sinclair Electronics Ltd, London 
Rd, St Ives, Huntingdon, Carnbs 
PEl? 4H]. 
WW303 

Microprocessor 
trainer 
Many people with a knowledge of 
logic gates find difficulties when 
they come to trying to understand 
the microprocessor. Unilab, with 
their microprocessor trainer, hope 
to make the transition easier by 
providing a board which functions 
as a common microprocessor but 
using one-bit operation. Instruction 
notes describe microprocessor 
concepts and how they can be illus
trated using the board. The One Bit 
Microprocessor is divided into sec
tions and 35 l.e.ds distributed 
round the board show the states of 
lines between these sections and at 
the eight i/os . The i/os can be used 
for controlling simple demonstra
tion models from programs entered 
as binary numbers and stored in a 
256 x 4-bit r .a.m. Each unit costs 
around £66 and requires an external 
5V supply. Unilab Ltd , Clarendon 
Rd , Blackburn, Lanes BBI 9TA . 
WW304 
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Low-power r.a.ms 
Two 256 x 4-bit c.m.o.s. static 
r.a.rns with S01-1W power consump
tion in standby mode are available 
from Rapid Recall. The IM65X51 
has 22 pins and separate ilo data 
lines, whereas the IM65X61 has 18 
pins and multiplexed data lines . 
Both types are t.t.l. compatible, 
have internal address registers and 
can be supplied with either 300ns 
or 220ns access times . A third op
tion is available with 4.5 to IO.SV 
maximum operating range. These 
i.cs can be supplied for various 
operating temperature ranges. Ra
pid Recall Ltd, Rapid House, Den
mark St, High Wycombe, Bucks 
HP112ER. 
WW305 

Frequency counter 
An eight-digit lOHz to 150MHz 
counter for measuring frequency, 
period and r .p.m. is available 
through Telonic Berkeley. The 
IM!! resistance frequency/period 
input of the Kikusui 255 has 20mV 
sensitivity and automatic limit 
control \~hen measuring large sig
nals . Gate times are 10 , I, 0.1 and 
O.Olrts for frequency measurement 
and 60, 0.6, and 0.06s in tachome
ter mode for measuring up to 
100,000 pulses/s. Periods from 
lOOms to Ips can be measured . The 
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lOMHz time-base, a t.t.l. compati
ble output of which is available at 
the rear of the unit, is stable t~ 
within ± 1 x 10·6/month. A more 
stable version of the 255, the 256, is 
available with an error of ±3 X 

10-7/rnonth maximum at £265 plus 
v.a.t. The 255 costs £200 plus v.a.t. 
Telonic Berkeley UK, 2 Castle Hill 
Terrace, Maidenhead, Berks SL6 
4]R. 
WW306 

Electro-plating 
repair kit 
Small-area breaks, wear and 
blemishes in plated surfaces can be 
repaired using a unit from Autorna- WW

3
o6 

ted Production Equipment along 
with plating solutions supplied by r--------------------------l 
the same company. The SRS-069 
unit is basically a variable voltage
reg~lated/current-limit:d power 
supply designed to prov1de power 
for twu brush-tipped probes, one 
for cleaning the surface to be re
paired and one for al.'plyin~ the 
plating solution. A thud pomted 
probe provides the e~rth ret':un 
from the surface. Vanous platmg 
compounds are available for use 
with the unit, including gold, 
nickel, copper, aluminium, tin-l~ad 
and tin. Automated Production 
Equipment Corp, 142 Peonic Ave., 
Medford, NY 11763, USA. 

WW307 

Industrial controller 
Smallest in a range of industrial WW307 
microprocessor controllers fro~ 
EME is the TIM 0 l for use m 
timing and sequencing applica
tions. Four de bounced t. t.l. com
patible inputs and seven outputs 
are provided. Of the seven outputs, 
five use relay changeover contacts 
for loads up to 3A and two are open 
collector outputs for up to 1/2A. 
Eight t.t.l. compatible lines can be 
selected by programming to operate 
as either inputs or outputs. Loca
tions for up to six 8-way d.i .l. 
switches are available so that 
parameters such as time periods, 
counts, limits and values can be set. 
The controller uses a 6802 
microprocessor and can store 
programs of up to 2K. A single a.c . 
supply (either mains or low voltage) 
is required. Various options from 
the basic board to a unit tailored to WWJOS 
customers' requirements and ..----------------:------------~ 
housed with screen printed legend 
can be supplied. EME Ltd, 5 Port 
Hill, Hertford, Herts SG141TJ. 
WW308 

Error measurement 
system 
Testing and performance evalua
tion of digital transmission and ter
minal equipment are the purposes 
of the 3781A/3782A combination 
from Hewlett-Packard. The 3781A 
pattern generator and 3782A error 
detector provide a system for 
testing error susceptibility that can WW309 

.r-
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be used with four levels of digital 
hierarchy at up to SOMb/s. With 
the 3781A, errors can be injected 
singularly or at I in 10·3 or 1 in 10·5 

error rates into a range of pseudo
random binary sequences and 16-
bit word test patterns in a.m.i. or 
h.d.b.-3 line codes. Both 7Sn un
balanced and 120fl balanced 
pseudo-ternary outpu'ts and t. t.l. 
compatible monitor outputs are 
provided. Binary and code errors 
detected by the 3782A can be 
displayed as error rates, error 
counts, errors/second a~d seco~ds 
between errors over vanous gatmg 
periods. All four parameters are up
dated simultaneously over the same 
gating period. A printer output and 
real-time clock are included in the 
.3782A. Applications of the system 
are in research and development 
field trials and production testing 
where remote testing via an IEEE-
488 bus is required. Hewlett-Pack
ard Ltd, King Street Lane, Win
nersh, Wokingharn, Berks. 

WW309 

V.h.f.lh.f. converter 
Conversion of 144/146MHz band 
signals down to the range 
28/30MHz for use with h.f. band 
receivers is the function of Da
tong's DC144/28 converter. At 
maximum gain, 18dB, the unit's 
noise figure is less than 3dB and the 
third-orde.r input intercept 
typically -6dB. Separate gain c?n
trols are provided for the son Im
pedance input and output. The 
DC144/28 incorporates a high-level 

Schottky-diode balanced mixer, 
m.o.s.f.e.t. input, j.f.e.t. post
mixer amplifier, and fifth-overtone 
crystal oscillator. S0239 (u.h.f.) 
type connectors are used at both 
input and output. An external d .c. 
supply of between 10 and 14V is 
required to power the unit via a 
jack socket. Two versions of t.he 
converter are available, one With 
case and input/output connectors 
costing £31 exc. v. a. t. and one . 
without costing £25 exc. v.a.t. The 
same company has introduced a 
unit for converting signals in the 
range 50kHz to 30MHz up to the 
range 144 to 145MHz so that they 
can be received on 2-rnetre· 
transceivers or v.h.f. scanners. Da
tong Electronics Ltd, Spence Mills, 
Mill Lane, Bramley, Leeds LS13 
3HE. 
WW310 
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How's that again? 
" . . . to inform a wide general public 
about the superordinate relationships of 
new technologies. It is ... a matter of 
showing trends and tendencies, of creating · 
transparency and of promoting under- . 
standing for a life with controlled electron
ics by means of relevant information." 
(Ineltec 81 press handout) . 

I think I know what it means, Mr 
Fowler; it's all about telling Joe Public that 
electronics is wonderful. There's this big 
Swiss electronics exhibition in Basle whose 
purpose, aside from a "mediator function 
between manufacturer and user" (selling 
gear), is to "eliminate the layman's fear of 
excessive mental demands, to help him 
throw a bridge to (at?) the new technolo
gies." Simple, really. 

If it's all going to be like that, though, 
I'm not going. I think one of the younger 
end should be sent - they have no fear of 
excessive mental demands. 

Yaiplecc Yopld 
Near enough, anyway. That, in case you 
thought the printer was losing his touch, is 
what you ask for when you go to a book
stall in Russia to pick up the latest Wireless 
World. It isn't a translation, just a transli
teration (Ooairless Ooorld) . What happens 
is that the Russians buy a few copies from 
us, copy and reprint them with the above 
on the cover, and send them out. I don't 
know how many they print, but it must be 
quite a lot, or it wouldn't be worthwhile 
doing it at all. It loses a bit in the process 
- the drawings are all right, but the pic
tures come out looking a bit wan. And it's 
all in black and white, so that Paul Brier
ley's colour photos on the cover suffer 
direly. 

What puzzles me is why we don't re
ceive a few more contributions from the 
U.S.S.R. They're pretty bright people 
over there - brighter than most in many 
ways - but I can only remember two con
tributors in the last decade or so. It would 
be good to hear a bit more about what goes 
on in their electronics - they can't spend 
all their time orienteering, although they 
do seem extraordinarily keen on it, judging 
by their magazine Radio. 

Long-felt want 
It begins to look as though I'll have to 
acquire a computer of some sort, even if 
it 's only to guard against abuse from the 
younger element here. Three of them have 
got them now and their conversation has 
taken . a turn towards the grotesque al
ready: it is not easy to maintain my front of 
omniscience when all around people are 
chatting amiably about daisy wheels , 

. acorns, apples and various other intelligent 
vegetables . 

I still have to solve the problem of what 
I'm going to do with it when I've got it, 
but that isn't the vital thing. What is im
portant is that I must put on a bit of a spurt 
to catch up with the language, at least. It's 
moving so fast now: one hardly dares 
speak in case one is unwittingly guilty of a 
computerspeak solecism. If Shakespeare 
were writing today, he wouldn't dare make 
a character say '.'Go to, .. . "in case it was 
taken as an instt*tion to jump to the next 
scene. It's even got to the stage now where, 
when I mention the world 'program,' they 
all think I'm talking about Radio 4, not 
being able to credit that I've heard about 
computers yet. 

Still, having got myself a computer, it 
will have to work for its living. On the 
whole, I really think I'd like to use it as a 
word-processor - I can probably live 
without a list of all the prime numbers up 
to several million, and I know the state of 
my bank account because the manager 
keeps writing bitter little notes to tell me. 
No, I think a word-processor might well 
be a great help: the typewriter I use makes 
a lot of mistakes and I get so fed up of 
correcting them that sometimes I don't 
bother and lhey get printed. When I do 
scribble all over the typescript the printers 
can't read my writing anyway, so mistakes 
still appear. 

All this, so I'm told, will not be a prob
lem with a w.-p. All you do is type the 
stuff in, press a few buttons, and it all 
leaps into position, mistakes corrected, 
paragraphs re-ordered on demand and the 
right-hand edge straight as a die. Another 
keystroke and the printer fires it all off at 
some unbelievable speed, ready for 
sending off to the printers. Yes, I think 
that's for me. It might even do the index 
every year, so you'll be able to have it 
before the end of the succeeding year. 

Breaker breaking 
It's started already. There I was, driving 
peacefully along between Sutton and 
Cheam, when a disembodied voice rudely 
interrupted Frederika von Stade, who was 
singing a Canteloube song from the Au
vergne, to announce that if any breaker so 
desired, he was ready to hold converse 
with them. I think that's what he said, at 
any rate - I can't claim absolute certainty 
on this point, because the request was 
couched in such an unlovely combination 
of South London whine and Texas drawl 
that it might have been anything. 

I wasn't able to hear the replies (I 
suppose he was breaking into the front end 
because of his proximity) and, in any case, 
I was trying to listen to Miss F. von S. 
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singing her television commercial, but he 
must have received a reply from someone 
who was similarly baffled by the double 
talk, since he suddenly went all posh, and 
began to say things I could understand. It 
was at this point I realised that the c. b. 
freak was in the car behind, referring to 
this old creep in front of him who was 
driving too slowly. The impudence of the 
fellow! I was in progress at the maximum 
speed at which I feel safe - nearly 25 
m.p.h., fast enough for anyone. 

It wasn't the reflection on the verve and 
dash of my driving that hurt, though, nor 
the slighting reference to my noble vehicle 
as a heap, but the fact that the car behind 
him was a police car, full to the brim with 
impassive Woodentops who didn't take the 
slightest bit of interest in this verbal as
sault on me. I suppose they must have had 
a radio and been as vulnerable to interfer
ence as I was, but they didn't turn a hair. 
All the same, I bet if I'd put my foot down 
and gone past 32 m.p.h., they'd have had 
me. 

Little boxes 
People keep telling me that the audio 
boom is coming to an end. I dare say it 
must be if the experts say so, but I haven't 
seen much indication of it myself. The 
magazines which concern themselves with 
audio are still with us and I haven't noticed 
ariy diminution in the number of impres
sive-looking boxes with knobs on in the 
shop windows. 

But if the experts are right and the boom 
is fading to a thin shriek, I can't say I'm 
surprised. The public can be taken for a 
ride by anyone with enough nerve, but not 
for ever. There is in most of us a hankering 
to have the 'latest' of anything, and when it 
is impressed on us that the row of l.e.ds 
on the new cassette deck is so much better 
than the meters on the old one that the 
expenditure of a wad of fivers is as nothing 
compared to the enhanced quality of music 
we can now enjoy, we fall for it - for a 
time, at any rate. 

Comes the time, though, when a chap 
begins to wonder. How can it be, he (or 
she) will muse, that the new amplifier 
doesn't sound any different to the old one, 
even though it cost twice as much and has 
a pair of meters. Meters? If the thing 
sounds as though it's overloading, you 

· turn the wick down, and if it doesn't, you 
don't. Who needs meters? 

The truth is that manufacturers have 
exploited the public's weakness for gim
mickry for years, and if the time has come 
to cool it, they ought not to grumble. 
Maybe they could start on video machines 
next - there's a fortune to be made there. 
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TRANSISTORS DIODES' 
8C207 0.09 8C408 0.11 80239 0.30 BF259 0.27 8U500 2.00 2N3053 0.28 AA119 0.06 

AC125 0.20 8C117 0.17 8C208 0.09 8C409 0.11 80240 0.32 BF271 0.24 BUY69A 1.75 2N3054 0.60 8Y127 0.10 

AC126 0.20 BC119 0.18 8C209 0.09 BC413 0.11 80241A 0.30 BF273 0.12 C10601 0.24 2N3055 0.45 8Y206 0.14 

AC127 0.15 8C125 0.11 BC212 0.08 BC417 0.11 8C241B 0.30 8F308 0.30 OC28 1.00 2N3442 1.20 BY210 0.50 

AC128 0.18 8C126 0.11 BC212L 0.08 BC41B 0.11 80241C 0.30 8F336 0.32 OC35 1.00 2N3553 2.20 BY254 0.20 

AC127K 0.20 BC140 0.19 BC212L8 0.08 BC427 0.11 8C433 0.50 8F337 0.27 R20088 1.50 2N3565 0.20 8Y298 0.50 

AC12BK 0.27 BC141 0.19 8C213 0.08 8C440 0.22 8C434 0.50 BF338 0.27 R2010B 1.50 2N3702 0.10 8Y299 0.50 

AC141 0.20 8C142 0.20 8C213L 0.08 8C441 0.22 8C435 0.50 BF355 0.37 R1038 1.00 2N3703 0.10 8YX10 0.21 

AC141K 0.27 8C143 0.20 8C213L8 0.08 8C460 0.30 8C436 0.50 8F380 0.30 R1039 1.50 2N3704 0.10 8YX36-150 0.20 

AC142 0.20 BC147 0.07 BC214 0.08 8C461 0.30 8C437 0.50 BF451 0.10 R2029 1.50 2N3705 0.10 OA47 0.10 

AC142K 0.27 8C147A 0.07 8C214L 0.08 8C477 0.20 8C438 0.50 8F457 0.30 R2322 1.00 2N3706 0.10 OA81 0.10 

AC151 0.20 8C1478 0.07 8C214L8 0.08 8C478 0.20 BC439 0.50 BF458 0.30 R2773 0.50 2N3707 0.10 OA85 0.12 

AC153 0.20 8C147C 0.07 8C237 0.08 8C537 0.09 8C517 0.55 8F459 0.30 TIP29 0.35 2N3708 0.10 OA90 0.07 

AC176 0.20 BC148 0.07 8C237A 0.08 8C547 0.09 8C518 0.55 BF523 0.15 TIP29A 0.35 2N3711 0.10 OA91 0.07 

AC176K 0.27 8C148A 0.07 8C2378 0.08 8C548 0.09 8C519 0.55 8F594 0.20 TIP298 0.35.' 2N3773 3.00 OA95 0.07 ' 

AC187 0.20 BC1488 0.07 BC237C 0.08 8C5488 0.09 8C937 0.40 BF595 0.20 TIP29C 0.35 2N3819 0.20 OA200 0.09 

AC188 0.20 8C14BC 0.07 8C238 0.08 8C548C 0.09 8C945 0.40 BF596 0.20 TIP30 {1.35 2N3866 0.60 OA202 0.09 

AC187K 0.27 BC149 0.07 BC238A 0.08 8C549 0.07 8C950 0.40 8FR40 0.22 TIP30A 0.35 2N3903 0.15 1N914 0.35 

AC188K 0.27 BC149A 0.07 8C238B 0.08 8C549A 0.07 80X32 1.20 BFR91 1.20 TIP308 0.35 2N3904 0.15 1N4148 0.03 

A0140 0.40 8C149B 0.07 8C238C 0.08 8C5498 0.07 8F115 0.20 8FX29 0.25 TIP30C 0.35 2N3905 0.18 1N4001 0.04 

A0141 0.60 8C149C 0.07 8C251A 0.09 8C549C 0.07 8F121 0.18 BFX37 0.20 TIP31A 0.35 2N3906 0.18 1N4002 0.06 

A0142 0.70 8C157 0.08 8C251B 0.09 8C550 0.07 8F123 0.18 8FX48 0.40 TJP318 0.35 2N4037 0.60 ·1N4003 0.06 

A0143 0.70 8C158 0.08 8C252A 0.09 8C557 0.06 BF127 0.18 BFX84 0.24 TIP31C 0.35 2N4058 0.11 1N4004 0.06· 

A0149 0.48 8C159 0.08 8C2528 0.09 8C558 0.07 8F137 0.30 BFX86 0.20 TIP32 0.40 2N4061 0.16 1N4005 . 0.05 

A0161 0.22 BC160 0.26 8C257 0.09 8C559 0.07 8F152 0.09 8FX87 0.22 TIP32B 0.40 2N4062 0.16 1N4006 0.05 

A0162 0.22 BC161 0.26 BC258 0.10 8CY56 0.25 BF157 0.30 BFX88 0.22 TIP32C 0.42 2N4125 0.20 1N4007 . 0.06 

A0161/ 8C167 0.09 8C260 0.15 8CY58 0.25 8F160 0.20 BFX89 0.38 TIP33B 0.55 2N4143 0.20 1N540-1 0.14 

162 .45 8C168 0.09 BC261A 0.15 BCY70 0.15 8F167 0.20 BFY34 0.40 TIP34 0.80 2N4250 0.18 1N5402 0.14 

ACY39 0.30 8C169 0.09 BC261B 0.16 8CY71 0.15 8F173 0.20 BFY50 0.20 TIP35 1.50 2N4400 0.10 1N5403 0.14 

ACY40 . 0.20 8C170A 0.05 8C262B 0.16 8CY72 0.15 8F177 0.26 BFY51 0.20 TIP36 1.00 2N4402 0.10 1N5404 0.14 

ACY"4 0.20 8C170B 0.05 8C263 0.14 8011 5 0.24 BF178 0.26 BFY52 0.20 TIP41C 0.40 2N4403 0.12 1N5405 0.14 

AF106 0.28 BC170C 0.05 8C264 0.20 80124P 0.56 8F179 0.26 8FY56 0.40 TIP42C 0.40 2N4416 0.50 1N5406 0.14 

AF109 0.28 BC171 0.07 BC268 0.20 80131 0.30 8F180 0.20 8FY90 0.50 TIP47 0.60 2N4441 1.00 1N5407 0.14 

AF124 0.20 BC171A 0.07 8C300 0.28 80132 0.30 8F181 0.20 BR100 0.19 TIP2955 0.80 2N4443 1.10' 1N5408 0.14 

AF125 0.20 8C1718 0.07 8C301 0.28 80133 0.37 BF182 0.20 BR101 0.28 TIP3055 0.60 2N4900 1.50 
AF126 0.20 BC172 0.07 BC302 0.28 80135 0.24 BF183 0.20 8RC4443 0.80 2N696 0.25 2N4922 0.50 
AF127 0.20 8C172A 0.07 8C303 0.26 80136 0.24 8F184 0.26 BRY39 0.30 2N697 0.23 2N5060 0.20 
AF139 0.30 8C1728 0.07 8C304 0.28 80137 0.24 BF185 0.26 BSX52 0.20 2N698 0.35 2N5088 0.20 
AF239 0.32 BC172C 0.07 8C307 0.08 80138 0.24 BF194 0.11 BSY84 0.20 2N706A 0.28 2N5105 0.50 
AU106 1.90 BC173B 0.09 BC308 0.08 80139 0.24 BF195 0.11 8SY95A 0.20 2N708 0.28 2N5195 0.40 
AU107 1.30 8C174 0.08 8C309 0.08 80140 0.24 8F196 0.08 BT106 1.00 2N918 0.35 2N5298 0.50 
AU110 1.40 BC177 0.15 8C313 0.20 80150 0.40 BF197 0.09 BT119 1.00 2N930 0.18 2N5447 0.09 
AU113 1.80 BC177B 0.15 8C315 0.20 80159 0.40 8F198 0.08 8T120 1.00 2N1131 0.35 2N5449 0.09 
BC107 0.09 BC178 0.15 8C317 0.15 80175 0.30 8F199 0.08 8T116 1.20 2N1132 0.35 2N5458 0.30 SOLDERING 
BC107A 0.09 8C179 0.15 8C318 0.15 80176 0.30 8F200 0.20 BU105 1.10 2N1613 0.23 2N5485 o:34 
BC1078 0.09 8C182 0.07 8C319 0.12 80182 0.65 BF224 0.15 8U108 1.40 2N1711 0.23 2N5486 0.30 IRONS 
BC108 0.09 BC182B 0.07 8C320 0.12 80201 0.50 BF240 0.12 BU124 1.00 2N2102 0.65 2N5490 0.50 
BC108A 0.09 8C182L 0.07 8C322 0.12 80202 0.50 8F241 0.12 8U126 0.90 2N2160 3.50 2N5496 0.70 WELLER 
BC108B 0.09 8C182L8 0.09 8C323 2.00 80203 0.50 8F243 0.26 BU133 0.98 2N2219A 0.22 2N5551 0.15 
8C108C 0.09 8C183 0.08 8C327 0.09 80204 0.50 8F2'448- 0.20 8U204 1.30 2N2222A 0.22 2N6109 0.44 MARSKMAN 
BC109 0.09 8C183L 0.08 8C328 0.09 80223 0.40 BF245 0.20 8U205 1.10 2N2369 0.20 2N6123 0.40 
8C109A 0.09 I!IC183L8 0.08 8C337 0.09 80224 0.40 8F245A 0.22 8U207 0.70 2N2484 0.28 2N6386 0.90 15W £4.00 

8C109B 0.09 8C184 0.08 8C338 0.09 80233 0.30 8F245C 0.24 BU208 1.00 2N2646 0.38 2SC1172 1.50 25W £4.00 

BC109C 0.09 BC184L 0.08 8C347 0.09 80234 0.30 BF254 0.09 BU208A 1.20 2N2904 0.28 2SC1306 1.00 40W £4.80 

BC113 0.10 BC184L8 0.08 8C348 0.09 80235 0.30 8F255 0.09 BU208/ 02 1.80 2N2905 0.28 2SC2028 1.00 WELLER CORDLESS 
BC114 0.10 8C204 0.09 BC350 0.09 80236 0.30 8F256 0.22 8U326A 1.30 2N2906A 0.28 2SC2029 2.00 100W £23.90 
8C115 0.10 8C205 0.09 8C351 0.09 80237 0.30 8F257 0.27 8U406 1.00 2N2907A 0.28 2SC2078 1.70 
8C116A 0.11 8C206 0.09 8C407 0.09 80238 0.30 8F258 0.27 BU407 1.00 2N2926 0.09 

LM323K 5.00 SN76003N t1g I.C.s LINEAR i~~~~g 1.20 TOA2030 2.50 ICs DIGITAL 
LOW PROFILE LM324N 1.20 SN76013N 1.50 TOA2522 1.50 

LM340T12 0.70 SN76023N 1.10 TBA530 0.90 T8A990 1.30 TOA2523 1.50 

D.I.L. SOCKETS LM348 1.00 SN76110N 0.70 TBA530Q 0.90 TBA990Q 1.30 TOA2530 1.40 
MC1307P 1.00 SN76227N 1.00 TBA540 0.90 TCA270 0.60 TOA2532 2.00 40018P 0.15 4070 0.20 

8 PIN 0.80 
MC1310P 1.00 SN76660 0.50 T8A540Q 0.90 TCA270SQ 1.00 TOA2540 1.50 4007 0.15 4071 0.20 

MC1327P 0.90 TAA550B 0.20 TBA550 1.20 TCA800 1.20 TDA2541 2.00 4011 0.15 4075 0.20 
14PIN 0.09 MC1330 1.00 TAA621AX1 0.70 TBA550Q 1.20 TDA440 1.75 TOA2560 2.00 4013 0.30 4082 0.20 
16PIN 0.10 MC1355 1.00 TAA661A 2.00 Y8A560Q 1.20 TDA1004A 1.70 TDA25S1 1.20 4016 0.30 4501 0.20 
18PIN 0.14 MC231B 1.50 TAA661B 0.90 T8A570 1.00 TOA1170 1.80 TOA2593 2.40 4028 0.40 4502 0.45 
20PIN 0.16 ML232B 1.50 T8A1208 0.60 TBA750AQ 1.70 TDA1190 2.00 TOA2600 2.90 4049 0.28 4511 0.68 
22 PIN 0.20 SAS560S 1.50 T8A120S8 0.60 TBA800 0.60 TDA1327 1.20 TOA2640 2.40 4052 0.40 4515 1.50 
24PIN 0.20 SAS570S 1.50 T8A120S 0.60 TBA810S 1.00 TDA1352 1.20 TDA3950 2.00 4053 0.56 4516 0.65 
28PIN 0.22 SAS580S 2.20 T8A120AS 0.60 T8A810AS 1.00 TDA1412 0.80 4066 0.30 4518 0.60 
40PIN 0.28 SAS590S 2.20 T8A520 0.90 T8A820 1.00 TDA2020 2.00 4069 0.16 4583 0.65 

MAINS ·EAGLE TD83 
AC SPEED CONTROL TRANSFORMERS TAPE 

MODULE FOR HOOVER 15-0-15V DEMAGNETISER 
WASHING/MC 

0.9V3AMPS £4.00ea. £2.50 

£12.00 

DC SPEED CONTROL 
BZV88 SERIES BZX61 SERIES 

2V7-30V 0.06 4V7-75V £0.13 

MODULE FOR HOOVER 
WASHING/MC BSR P1 70 £11 .00 SPEED 

ADJUSTMENT SEMI-AUTOMATIC 
SINGLE PLA V DECK 

CASSETTE £17.00 £12.00 

TRANSISTOR DATA SONOTONE STANTON 500 EE 
EQUIVALENT BOOKS . CARTRIDGE CARTRIDGE 

TVT 80/81 2/ SET 9TA·G £1 .00 £12.00 

£8.00 

10 AMP 'MAINS EAGLE TEST 
FUSES · LEADS TL60 

PKT 10 £0.70 
£2.00 

TL64 £2.00 

Mrnrmum ureter £5 frude & Export Enqurnes Welcoflle 

H.E. LTD., ELECTRON HOUSE, CRAY AVENUE, ST. MARY CRAV, ORPINGTON, KENT 
Please adrl3Dp P&P IUK only! ~ 15°o VAT 

Account• can be arranged for regular custumurs collec_le5. 

TELEX 896141; TEL: 0689-27099 schools. Ptr. welcome 

WW - 065 FOrt FURTHER DETAILS 

www.americanradiohistory.com
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f1if''' t·V~•• t• 
2650A 10.00 
2651 10.90 
2652 18.35 
2653 9.00 
2661-1 12.00 
6100 FAMILY 
6100 
6101 
6102 
6103 
6402 
6403 

9.25 
6.4o 

17.75 
6.75 
3.80 
6.50 

6800 FAMILY 
6800 
6802 
6808 
6810 
6821 
6840 
6850 
6852 
6854 
68047 
68488 

74LSOO 
74LS01 
74LS02 
74LS03 
74LS04 
74LS08 
74LS09 
74LS10 
74LS11 
74LS12 
74LS13 
74LS14 
74LS15 
74LS20 
74LS21 
74LS22 
74LS27 
74LS2S 
74LS30 
74LS32 
74LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS43 
74LS44 
74LS47 
74LS51 
74lS54 
74LS55 
74LS73 
74LS74 
74LS75 
74LS76 
74LS78 
74LS83A 
74LS85 
74LS86 
74LS90 
74LS91 
74LS92 
74LS93 
74LS95 
74LS1 07 
74LS109 

3.80 
5.75 
4.45 
2.17 
2.52 
5.50 
2.00 
2.47 
4.60 
5.64 
5.43 

0.14 
0.15 
0.14 
0.15 
0.15 
0.15 
0.15 
0.14 
0.15 
0.15 
0.30 
0.50 
0.15 
0.14 
0.15 
0.15 
0.15 
0.20 
0.15 
0.15 
0.17 
0.18 

'0.18 
0.15 
0.45 
0.50 
0.50 
0.55 
0.15 
0.15 
0.15 
0.25 
0.20 
0.30 
0.25 
0.30 
0.55 
0.75 
0.20 
0.35 
0.35 
0.35 
0.35 
0.50 
0.25 
0.25 

PRICE 

t:t.i:t.li·iMtt• 
8080A 3.50 
8085A 8.00 
8155 8.75 
8156 8.75 
8212 1.95 
8216 1.80 
8224 2.25 
8226 1.80 
8228 5.50 
8238 5.50 
8251 3.85 
8253 9.00 
8255A 3.55 
8257 7.95 
8279 10.50 
TMS5501 15.00 

Z80 FAMILY 
Z80 CPU 4.10 
Z80A CPU 6.25 
Z80 CTC 4.40 
Z80A CTC 5.25 
Z80 PIO 4.25 
Z80A PIO 4.95 
Z80 SI0-0 17.50 

74LS SERIES TTL 
74LS112 0.25 
74LS113 0.25 
74LS114 0.25 
74LS122 0.42 
74LS123 0.59 
74LS124 1.15 
74LS125 0.30 
74LS126 0.30 
74LS132 0.50 
74LS136 0.27 
74LS137 0.75 
74LS138 0.40 
74LS139 0.40 
74LS145 0.80 
74LS147 1.20 
74LS148 1.08 
74LS151 0.42 
74LS153 0.42 
74LS155 0.55 
74LS156 0.55 
74LS157 0.38 
74LS158 0.38 
74LS160 0.45 
74LS161 0.45 
74LS162 0.45 
74LS163 0.45 
74LS164 0.62 
74LS165 0.95 
74LS166 1.40 
74LS170 1.50 
74LS174 0.72 
74LS175 0.71 
74LS181 1.45 
74LS183 1.96 
74LS190 0.60 
74LS191 0.60 
74LS192 0.65 
74LS193 0.65 
74LS194 0.65 
74LS195 0.60 
74LS196 0.65 
74LS197 0.65 
74LS221 0.60 
74LS240 1.10 
74LS241 1.10 
74LS242 0.85 

SI0-1 1 
SI0-2 1 

Z80 SI0-9 11 
Z80A SI0-0 
Z80A SI0-1 
Z80A SI0-2 
Z80A SI0-9 1 
l!p1t1tl :t·11!1115j 
9900 
9980A 
9981 
9901 
9902 
9903 
9911 
9914 
9.927 

74LS243 
74LS244 
74LS245 
74LS247 
74LS251 
74LS253 
74LS257 
74LS258 
74LS261 
74LS266 
74LS273 
74LS279 
74LS280 
74LS283 
74LS290 
74LS293 
74LS295 
74LS298 
74LS299 
74LS365 
74LS366 
74LS367 
74LS368 
74LS373 
74LS374 
74LS377 
74LS378 
74LS379 
74LS386 
74LS393 
74LS395 
74LS668 
74LS669 
74LS670 
81 LS95 
81LS96 
81 LS97 
81LS98 
8T26A 
8T28 
8T95 
8T96 
8T97 
8T98 
8T125 
8T245 

1.50 

0.85 
1.10 
1.60 
0.80 
0.45 
0.45 
0.50 
0.50 
1.98 
0.25 
1.10 
0.42 
2.15 
0.70 
0.60 
0.60 
1.05 
1.05 
2.50 
0.39 
0.39 
0.39 
0.39 
1.05 
1.05 
1.05 
0.75 
0.95 
0.27 
0.75 
1.15 
0.67 
0.67 
1.65 
1.32 
1.32 
1.32 
1.32 
1.60 
1.60 
1.50 
1.50 
1.50 
1.50 
2.30 
2.30 

TERMS:- Mail Order Only. Please Add 40p Post & 
Packing and 15% VAT To All Orders. 

ANDIS COMPONENTS LTD 
Etwall Street. Derby DE3 3DT 

WIRELESS WORLD AUGUST 1981 

THE LAST WORD IN POCKET CALCULATORS 

The Ultra-capacity with "Computer Talk" programming via upper and.iower case 
dot matrix scrolling display 

CASIO FX602P 
* 88 memories, up to 512 functional 

steps. 
*Up to 10 programs, or exclusive 

commands. 
*A variety of jump commands. 
·*Up to 9 subroutines, up to 91evels. 
* 33 parentheses. 
*Ultra high-speed. 

RRP£84.95 
ONLY £74.95 

* LCD alpha/numeric (dot matrix) scrolling display with 95 characters. 
* Variable range of input capacity from 32 program steps with 88 independent 

memones, to 512 steps with 22 memories. 
* Memory and program retention when switched off. Password protection. 
* Up to.1.0 pai~s of unconditional jumps (GOTO). Manual jump (GOTO). 
* Cond1t10nal JUmps and count jumps. Indirect addressing. 
* Up to 9 subroutines. Nesting possible up to 91evels. 
*50 built-in scientific functions, all usable in programs. 
* PAM (Perfe~t AI!=Jebraic Method) with 33 parentheses at 11 levels. 
*An almost 1nf1n1te number of programs can be stored on cassette tape using 

the optional FA-1 adaptor. (Price £19.95). 
*Two lithium batteries give approx. 660 hours continuous use, with battery 

sav1ng Auto Power Off approx. 6 minutes after last operation. 
* D1mens1ons : 9.6 x 71 x 141 .2mm (3/sin. x 23/4in. x 5V2in). Leatherette wallet. 

Send 20p for details of Casio's best selling products including:FX3500P. 38 step 
programmable with Integral and Regression . Only £22.95. 
CA90 (resin £19.95). CA901 (metal £29.95) . Calculator alarm watches with Digital 
Space Invader Game, stopwatch, dual-time and hourly chimes. . 
VL-1 (As seen on Tomorro~·s World). Mini synthesiser with Record/Playback, 
One Key and Auto Play, 5 voices plus ADSR, 10 rhythm accompaniments . £35.95. 

Prices include VAT, P.&P. Normally return of post service. Se~d cheques, P.O. or 
telephone your ACCESS or BARCLAYCARD number to : 

-

]"EM PV,S Dept. WW, Beaumont Centre, 164-167 East Road 
.a ~ Cambridge CB11DB. Tel: 0223 312866 

n'PE 
2N3137 
2N3375 
2N3553 
2N3632 
2N3733 
2N3866 
2N3924 
2N4040 
2N4041 
2N4127 
2N4128 
2N4129 
2N4427 
2N4429 
2N4430 
2N4431 
2N4932 

RF POWER TRANSISTORS- EX-STOCK 
n'PE [ . n'PE TYPE 

1.88 2N4933 7.80 BLX13C 15.05 BLY53A 
5 .27 .2-N5070 10.09 BLX14 28.73 BLY53AP 
1.09 / / 2N5071 12.10 BLX65 1.67 BLY55 
6 .03 2N5090 8 .44 BLX66 4.91 BLY83 
6 .1 3 2N5102 9 .44 BLX67 5.41 BLY84 
0.92 2N5590 7 .85 BLX68 7.29 BLY85 
1.66 2N5591 10.21 BLX69A 21.15 BLY87A 
9.29 2N5641 4.68 BLX91A 8.84 BLY87C 

10.97 2N5642 7 .25 BLX92A 13.06 BLYBBA 
9 .18 2N5643 12.58 BLX93A 19.19 BLY88C 

11 .03 2N5913 2.34 BLX94A 35 .79 BLY89A 
12.08 2N6080 5.94 BLX95 44.59 BLYS9C 

1.1 5 2N6081 9 .87 BLX9B 84.95 BLY91A 
7 .90 2N6082 10.17 BLY33 1.87 BLY91 C 

10.04 2N6083 11 .08 BLY34 1.07 BLY92A 
12.50 2N6084 12.27 BLYJS 7 .50 BLY92C 

5.50 BLY36 6 .60 BLY93A 
BLY93C 

COMMUNICATION TUBES--- EX-STOCK 
TYPE 
4-65A 
4-125A 
4-250A 
4-400A 
4-1000A 
4CX250B 
4CX350A 
4CX1500A 
4CX1500B 
4X150A 
4X500A 
5B254M 
58 255M 
6F33(AEL) 
12EI 
13EI 
5763 
6080 
6146A 
61468 

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/QY3-1 25iAEL) 
6156/QY4-250 
68838 
7527/QY4-400 
7854/YL 1 060 
8042 
A2426 
OOV03-10 , 
QQV03-1 O(AEL) 
OQV03-20A 
QQV03 -20A(AEL) 
QQV06-40A 
QQV06-40A(AEL) 
QQV07 -50 
OVOS -100 
OY5 -3000A 
TBL2 -300 
TI21 
TI22 

47.30 
22.40 
45.30 

4 .30 
50.44 
53 .80 
16.50 
19.25 

5.60 
2.54 

35.75 
17.20 
43.60 
10.40 
68.00 

125.00 
234.00 
286.00 

18.00 
19.76 

7.29 
7.33 
9.40 
7 .45 
7.25 
3.60 
8.56 
6.43 
8 .66 
9.10 

12.65 
11.90 

6 .95 
6.90 
9.25 
9.06 

13 .40 
11.40 

SEND NOW FOR PRICE LISTS SHOWING QUANTITY DISCOUNTS 

EXPORT SPECIALIST 

SEND FOR DETAILS TO 
AERO ELECTRONICS IAELJ L TO 
GATWICK HOUSE 
HORI.EY SURREY ENGLAND 
TEL i02934 15353 
TELEX 87116 i AERO G1 
CABLES AERO G TELEX HORLEY 

WW- 064 FOR FURTHER DETAILS 

U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE 
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BSR DE LUXE AUTOCHANGER MINI-MULTI TESTER NEW ~k S · d Plays 12", 10" or 7" records, Deluxe pocket size precision moving a e r tar S Q U n Auto or Manual. A high qual- coil instrument. Impedance + ity unit baciCed by BSR relia- - 2000 o .p.v . Battery included. bility. Stereo Ceramic Car- 11 instant ranges measure: tridge . AC 200/250V. Size 13V2 DC volts 10, 50, 250, 1000. x 111f4in. 3 speeds. Above ACvolts10,50,250,1000. 
motor board 3%in. Below DC amps 0-100mA. motor board 2"hin . with Cera- Continuity and resistance to 1 meg 
mic Stereo cartridge. Ready cut Mounting ro-:-h_m--:-s_i_n_tw_o_ra_n.::.(:l::=e.:.s. ______ ----1 £20. Post £2 Board £1 extra De-Luxe Range Doubler M odel, 

HEAVY METAL PLINTHSPost£2 
Cut out for most BSR or Garrard decks. 
Silver grey finish . Size 16x133f4in. £4 
WOOD PLINTH, TEAK EFFECT Size 15x15x3in. £4 with board cut for B.S.R. (Post £1) 
PIONEER and J.V.C. TEAK VENEERED PLINTH Post £2 

· 19 x 14V2in. with Plastic Cover 173/4 x 13in £10.50 
TINTED PLASTIC COVERS Post £1 .50 
Sizes: 141;2 X 12V2 X 3in. £4. 181!4 X 12V2 X 3in. £6 
18 X 13V4 X 4in. £6. 17% X 91f2 X 31f;dn . £3. 

BSR SINGLE PLAYER DECKS 
BSR P200 2 speeds flared 
aluminium turntable 
"S" shape arm, cueing device, 

Less cartridge £27 
Belt Drive Post £2. 
BSR P172 RIM DRIVE 
QUALITY DECK 
Manual or automatic play. Three speeds. 
Precision ultra slim arm. , 
Cueing device. Bargain price £20 Post £2 
With stereo ceramic cartridge 
BSR P207 BUDGET SINGLE PLAYER ideal for disco or 
small two-speed Hi-Fi system with stereo cartridge and 
cueing device: , £17 Post £2 
BSR ready cut mounting board. Onl,y £1 extra. 

GARRARD 6·200 SINGLE PLAYER D£Ci< 
Brushed Aluminium Arm with stereo ceramic cartridge and Dia
mond Stylus, 3-speeds. Manual and Auto Stop/Start. Large Metal 
Turntable. Cueing Device and Pause Control. Ready · cut mounting 
board £1 ex;_ra. £22 Post £2 

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 3V4 x 2V2in . Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £4.50. Post 65p. 

DELUXE SWITCHED MODEL STABILISED VOLTAGES 
3-6-7V2-9 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 unit with end-
less play tape cartridge . -f!I~==;F;;;Wilt;l 
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 95p. 18V £1 .25. 
BLANK ALUMINIUM CHASSIS. 6 x 4-£1 .20; 8 x 6-£1.50; 
10 X 7-£1.90; 12 X 8- £2.20; 14 X 9- £2.50; 16 X 6-£2.40; 
16 x 10-£2.70. AII2V2in . deep. 18 swg 
ANGLE All. 6 x% x %in. 18 swg. 25p. 
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; 
16 . X 6-90p; 14 X 9-£1.20; 12 X 12-£1.30; 16 X 
10-£1.40. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 x 4 x 1Vz £1 . 4 x 2Vz x 2£1 . 3 x 2 x 
1 80p. 6 X 4 X 2 £1 .30. 7 X 5 X 21/z £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 4 amp £1.50. 8 amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p. 
RESISTORS.10!1 to 10M. V4W, 1/2W, lW, 1p: 2W 10p. 
HIGH STABILITY. V2w 2% 10 ohms to 1 meg. 8p. 
Ditto 5%. Preferred values, 10 ohms to 10 meg, 3p. 
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p 
·PICK-UP CARTRIDGES SONATONE 9TAHC £2.50. 
BSR Stereo Ceramic SC7 Medium £2. SCB High £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 £2.95. 
JACK PLUGS Mono Plastic 25p; Meta l 30p. 
,JACK PLUGS Stereo Plastic 30p; Metal35p . . 
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 10p. Free Sockets 3-pin ,-5-pin 25p. 
Plugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phono Plugs ea. 15p. 

POTENTIOMETERS Carbon Track 
5k!1 to 2Ml1. LOG or LIN. LIS 50p. DP 90p. Stereo LIS 
£1.10. DP £1.30. Edge Pot 5K. SP 45p. Sliders Mono 65p. 
Stereo85p. 

50,000 o.p.v. £18.50.7 x 5 x 2in. Post £1 

50!--la 1 00~-ta 500~-ta, 
1 rna, 5rna, 50 rna, 1 OOrna, 
25 volt, 50 volt, VU Meter. 
Facia23fsx 1%x 11f2in. 
Fixing hole 1 V2in. dia. 

Lighting kit 6 or 12v 90p extra. 
1 rna (240° scale) 21f4in. sq. £5 Post65p 

RCS SOUND TO LIGHT CONTROL KIT 
Kit of parts to build a 3 channel sound to light unit £15 
1,000 watts per channel. Suitable for home or disco. 
Easy to build. Full instructions supplied . Cabinet Post 95p 
£4.50 extra. Will operate from 200MVto 100wattsignal. 
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco 
Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post 65p. 

"MINOR" 10 watt AMPLIFIER KIT £14 
This kit is suitable for record players, guitars, tape playback, 
electronic instruments or small PA systems. Two versions 
ava i lable : Mono, £14; Stereo, £20. Post 65p. Spec1ficati on 
lOW per channel; input lOOmV; size SV2 x 3 x 2in. approx. 
SAE details. Full instructions supplied. AC mains powered. 
Input can be mod ified to suit guitar. 
RCS STEREO PRE-AMP KIT. All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel, 

w ith volume control and PC Board £2.95 
Can be ganged to make multi-way stereo mixers Post 65p 

MAl 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 4A, 4A CT, 5V 2A 
300-0-300V 120mA, 2x6.3V 2A C.T.; 5V 2A 
220V 45mA, 6.3V 2A 
GENERAL PURPOSE LOW VOLTAGE 

Post 
£4.50 £2 
£5.00 £2 

£14.50 £2 
£10.00 £2 
£2.50 £1 

Tapped outputs available 
2 amp. 3, 4, 5, 6, B, 9, 10, 12, 15, 18. 25 and 30V £6.00 £2 
1 amp. 6, 8. 10. 12, 16, 18. 20, 24, 30. 36. 40. 48, 60 £6.00 £2 
~amp . 6, 8, 10, 12, 16, 18, 20, 24, 30. 36, 40, 48,60 £9.50 £2 3 amp. 6, 8, 10, 12, 16, 1 B, 20, 24, 30, 36, 40, 48, 60 £12.50 £2 
5amp.6, 8, 10, 12. 16. 18, 20. 24,30, 36,40,48.60 £16.00 £2 12V, 100mA £1.30 BOp 20V,40V, 60V, 1a £4.00 £2 
12V, 750mA £2.00 BOp 12V, 3a £3.50 £1 10-0-1 OV 2a £3.00 £1 10V. 30V, 40V, 2a £3.50 £1 
30V, 5a and 2 of 28 volt 1a £5.00 £2 
17-0-17V 2a £4.00 £2 20V, 1a £3.00 £1 
0.5, 8. 10, 16V, lf2a £2.5.0 SOp 20V-0-20V, 1a £3.50 £1 9V, 3a £3.50 £1 9-0-9V SOma £1.50 BOp 
25-0-25V 2a £4.50 £1 2 of 18V, 6a £1 1 .00 £2 
30V, 1 112a £3.50 £1 12-0-12V, 2a £3.50 £1 6V t12a £2.00 £1 9V, 1f4a £1 .50 BOp 
15-0-15V,2a £3.75 £1 32-0-32V. 61/2a £11.00 £2 
AUTO WOUND 115Vto 240V 150W£8 400W £10 500W £12 £2 

CHARGER TRANSFORMERS RECTIFIERS 

6-12 volt 3a 
6-12 vo lt4a 

Post 
£4.00 +£2 
£6.50T£2 

OPUS COMPACT 

SPEAKERS 
FLUTED WOOD FRONTS 
TEAK VENEERED CABINET 
11 x 81f2X7in 15 watts 
50 to 14,000 cps. 4 ohm or 8 oh 

£20 pair Post £2 

6-12 volt 2a 
6-12 volt 4a 

Post 
£1.10 +B0p 
£2.00 +B0p 

LOWVOLTAGEELECTROLYTICS ALL 10p 
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100 
mf, 250 mf. All 15 volts. 22 mff6v/10v; 25 mf/6v/10v; 47 
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/ 
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v ; 220 
mf /4 v /1 0v /1 6v ; 330 mff4v/10v; 500 mf/6v; 680 
mf/6v/10v/16v ; 1000 mff2 . 5v/4v/10v; 1500 mf/ 
6v/1 Ov/16v ; 2200 mf/6v/10v; 3300 mf/6v; 
4700 mf/4v. ALL lOp. 
500mF 12V 15p; 25V20p; 50V30p. 
1000mF 12V 20p; 25V 35p; 50V SOp; 1 OOV 70p. 
2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V BOp. 
2500mF 50V 70p; 3000mF 50V 65p; 2000mF lOOV £1. 
4500mF 64V £2. 4700mF 63V £1.20. 2700mF/76V £1 . 
HIGH VOLTAGE ELECTROLYTICS 

' 8/450V 45p 8+8/450V 75p 32+32+16/350V 90p 
; 8/BOOV £1.20 8+161450V 75p 100+1001275V 65p 

16/350V 45p 20+20/450V 75p 150+ 200/275V 70p 
32/500V 75p 32+321350V 50p 220/450V 95p 
32 /350V 50p 32+32/500 £1.80 80+40/500V £2 
50 /500V £1.20 50+50/JOOV 50p 

VALVE OUTPUT Transformers (small) 90p. 
TRIMMERS 10pF, 30pF, 50pF, Sp. 1 OOpF, 150pF, 15p. 
CAPACITORS Various 1 Opf to 1 OO,OOOpf 5p . 
PAPER 350V-0.1 7p; 0.513p; lmF 150V 20p; 2mF 150V 20p; 

' ~~~~g-~~~~c0H0~~~~(~~d~C~~~~~[6~-:~ ~~~ : . 
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 50p. 
NEON PANEL INDICATORS 250V 30p. 
ILLUMINATED ROCKER SWITCH. Single pole. Red 65p. 
CASSETTE MOTOR. 6 volt £1 

, CASSETTE MECHANISM. 12v Stereo Playback only £5 
U.H.F. COAXIAL CABLE SUPER LOW LOSS. 25p yd. 
COAX PLUGS 20p. COAX SOCKETS 20p. 

h igh'power full range quality loudspeakers 
produced to give exceptional reproduction. 
Ideal for electric guitars, organs, public 
address or · · 
discotheques. These 
loudspeakers are 
recommended where 
high power handling is 
required with qual ity 
results. The high flux 
ceramic magnet 
assembly ensures clear 
treble response so 
necessary for the 
music of today. 

MODEL INCHES OHMS 
MAJOR 12 4-8-16 
DELUXE MKII 12 8-16 
SUPERB 12 8-16 
AUDITORIUM 12 8-16 
AUDITORIUM 15 8-16 
GROUP45 12 4-8-16 
GROUP75 12 4-8-16 
GROUP100 12 8-16 
GROUP100 15 8-16 
DISCO 100 12 B-16 
o:sco 100 15 B-16 

WATTS TYPE 
30 HI-FI 
15 HI-FI 
30 HI-FI 
45 HI-FI 
80 HI-FI 
45 PA 
75 PA 

100 PA 
100 PA 
100 DISCO 
100 DISCO 

BAKER 150 WATT MIXER/ POWER 

AMPLIFIER £89 Post£2 

PRICE 
£14 
£14 
£24 
£22 
£34 
£14 
£22 
£24 
£32 
£22 
£34 

All purpose for Guitars, Discotheque, Vocal, Public Address. Amplifier 
"Mains Switch" for instant sound or muting. Three loudspeaker 
outlets for 4, 8 or 16 ohms operation. Four high gain outputs each 20 
mv, SOK ohm. Individual volume controls with "Four channel" mixing. 
150 watts mto 8 ohms R.M.S. Music Power. Distortion less than 1% at 
full output. Slave output 500 M.V. 25K.ohm. Frequency Response 25 Hz 
- 20kHz ± 3d B. Integral Hi-Fi preamp 32dB. Variation on wide range 
separate Bass & Treble . Compact .- 16" x 8" x 51f1'' approximately. 
Li§htwelght - only 141b - apprOXImately: White wording on Black 
facia and Cabinet. Made in England. 12 months' guarantee. 2001250v 
A.C. mains or 120V to order. All transistor and solid state devices. 

BAKER 

50 WATT 

AMPLIFIER 

£69 Post£2 
Ideal for Halls/PA systems, Discos and Groups. Two inputs. 
Mixer Volume Controls Master Bass, Treble and Gain. 
RCS offers 
Mobile PA Amplifiers 
20 wan RMS 12v DC, AC 240v, 3 inputs £46 (PP £2). 
40 watt RMS 12v DC, AC 240v, 4 inputs £75 (PP £2). 
Mic 1; Mic 2; Phono; aux ; Outputs 4 or 8 or 16 and 100v line. 60 watt 
RMS. Mobile 24 volt DC & 240 volt AC mains. Input 3 mics + 1 music. 
4-8-16 ohm + 100 vo_lts line £95 (PP £2) 

FAMOUS LOUDSPEAKERS 

"SPECIAL PRICES" Post £2 ea. 
MAKE MODEL SIZE WATTS 

50 
OHMS PRICE 

SEAS TWEETER 4in 
GOODMANS TWEETER 3Vlin 25 

8 £7.50 
8 £4.00 

AUDAX TWEETER 3:Y4in 60 8 £10.50 
50 8 £7.50 SEAS MID-RANGE 4in 

SEAS MID-RANGE Sin BO 8 £12.00 
SEAS MID-RANGE 4Vzin 1114 8 £12.50 
GOODMANS FULL-RANGE 5Vzin 
GDODMANS FULL-RANGE Bin 

15 
30 
15 

8 £6.50 
8 £9.50 
15 £8.50 GOODMANS AUDIOM Bp Bin 

SEAS WOOFER Bin 30 8 £14.00 
CELESTION DISCO 10in 20 B/1 6 £11.50 
CELESTION DISCO 10in 60 8/16 £21 .50 

15 8 £6.50 RIGONDA GENERAL 10in 
GOODMANS AUDIOM PG 12in 60 8 £20.00 
GOODMANS PP12 12in 75 8/15 £24.50 
GOODMANS AUDIOM P 12in 50 8/1 5 £20.00 
GOODMANS GR12 12in 90 B/15 £27.50 
EMI HI-FI 13xB 10 318 £9.50 

CROSSOVERS, TWO-WAY 3000 c/s 3 or 8 or 15 ohm £1.90 
3-way 950 cps/3000 cps. 20 watt ratinq. £2.20. 
LOUDSPEAKER BARGAINS-
3 ohm, 4in, 5in, 7x4in, £1 .50; 6Ylin, 8x5in , £3; Bin, £3.50. 
8 ohm, 25Aiin , 3in, 5in, £1 .50; 6Y.1in, £3; Bin , £4.50; 12in, £6. 
15 ohm. 3Y.1in. 5x3in. 6x4m. £1.50. 
25 ohm, 3in, 5x3in, 7x4in, £1 .50.120 ohm, 3V4in dia . £1.50. 
MOTOROLA PIEZO ELECTRIC HORN TWEETER 
Handles lOOwatts . No crossover required. 4-8-16 ohm. 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
B.A. F. LOUDSPEAKER CABINET WADDING 18in wide 25p ft. 

£5.00 .... 

THE "INSTANT" BULK TAPE ERASER 
Suitable for cassettes , and all sizes of tape , • . -· ·• ' · 
reels. AC mains 200I250V. Hand held size ': : 
with switch and lead . Will also demagnetise - ~-

small tools . £8 F'" 
Head Demagmitiser only £5 Post 95p ""' 

337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day Wed. Open Sat. 9-5 RADIO COMPONENT SPECIALISTS 

Radio Books and Components Lists 30p. (Minimum post/packing charge 65p.) Access pr Barclaycard Visa . Ple~se Tel: 01-6841665 for same day despatch. Cash prices include VAT. 

www.americanradiohistory.com

www.americanradiohistory.com
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LINSLEY HOOD CASSETTE RECORDER 2 

-· 
Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our 
VFL 910 vertical front mechanism and ci rcuit modifications to Increase dynamiC range. Board 
layouts have been altered and improved but retain the outstandingly successful mother-and-
daughter arran11ement used on our Linsley-Hood Cassette Recorder 1. . 
This latest vers1on has the followinR extra features: Ultra low wow-and-flutter of .09% - easilY 
meets DIN Hi-Fi spec. Deck controls latch in rewin~ mod~s and do not have to be held. Full Auto
stop on all modes. Tape counter with memory rew1nd . 0 11 damped cassette door.Latchmg rl!cord 
button for level setting. Dual concentric input level .controls. Phone output. Microphone Input : 
facility if required. Record interlock prevents rerecording on valued casse~~s . Frequency ge~erat- · 
ing feedback servo drive motor with built-in speed control for thermal stability. All these desirable 
and useful features added to the excellent design of the Linsley-Hood circuits and the quality of 
the components used makes this new kit comparable with built-up units of much higher cost than 
the modest, £94.90 + V.A.T. we ask for the complete kit. 

LINSLEY-HOOD CASSETTE RECORDER 1 

We are the Designer Approved suppliers of kits fo.r this excellent design. The Author's reputation 
tells all you need to know about the circuitry and Hart expertise and experience guarantees the 
eng ineering design of the kit. Advanced features include : High-quality separate VU meters with 
excellent ballistics. Controls •. switches and sockets .mounted .on PCB to eliminate diffic4lt wirina._ 
Proper moulded escutcheon for cassette aperture. improves appearance and removes the need 
for the cassette transport to be set back behind a narrow finger trapping slot. tasy to use, robust 
Lenco mechanism. Switched bias and equalisation for different tape formulations . All wiring is 
terminated with plugs and sockets for easy assembly and test. Sophisticated modular PCB system 
gives a spacious, easily-built and tested layout. All these features added to the high-qual ity 
metalwork make this a most satisfying kit 1o bu ild. Also included at no extra cost is our latesl HS 
16 Send us Alloy super head, available separately at £8.20 but included free with the complete kit 
at £75plus VAT. 
Reprints of the 3 original articles desc-ribing this design 45p. No VAT. 
Repr int of the subsequent postscript art1cle 30p. No VAT. 

Part Cost of Post, Packing and Insurance . 

g;~:;~f1tgt~1~.jg5_2lf, P&P Export Order;-:;o~~cte,;{!;thaiflg~nin"J ~~~t~i~~~ 
Over £50 - £1 .50 

Please send 9 x 4 S.A.E. or telephone for lists giving fuller details and 
price breakdowns. 

Instant easy ordering, telephone your 
requirements and credit card number to us 0~ 

cfswesir-Y (os91 ).2a9·4 

FOTOLAK 
POSITIVE liGHT SENSITIVE AEROSOL LACQUER· 

Enables YOU to produce perfect printed circuits in m·inutesl 
Method Spray cleaned board with lacquer. When dry, place positive master of 
requ~red circu 1t on now sensitized surface . Expose to daylight, develop and etch . 
Any number of exact copies can of course be made from one master. Widely 
used in industry for prototype work . · 

Pre-coated 1/16 · Fibre-glass boa rei 

FOTOLAK .. .. .. .. .. .... .. ...... £2 .25 204mm x 114mm £1.50 
Developer ....... ...... .... .. .. .. .... ......... ...... .. 35p 204mm x 228mm £3.00 
Ferr ic Chlor ide ......... .. ...... .. ........... .. .... 55p 408mm x LL~mm £600 

467mm x 305mm £9 ._00 

Pla i n Copper-clad F ibre-glass . · Single-sided Double-sided 

Approx. 2.00mm thick ft. sq . £2.25 
Approx. foomm thick ft. sq. . . . . . . . . . . . . £2.00 
Clear Acetate Sheet for making master. 260mm X 26-0mm 

Postage and packing GOp per order. VAT 15% on total 

G. f . MILLWARD ELECTRONIC COMPONENTS LIMITED 
P.O. Box 19, Praa Sands, Penzance, Cornwall 

Telephone GEf:tMOE (073-676) 2329 

£1 . 75 

16p 
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LINSLEY-HOOD 300 SERIES AMPL.IFIERS . 

• 
-The~e latest . desig~s from the drawing·, board of John Linsley-Hood, engineered to the very 

highest standard, represent the very best that is available on the kit market today . The delicacy 
and transparency of the tone quality enable these amplif1ers to outperform, on a s1de-by-s!de 
comparison, the bulk of amplifiers in the commercial market-place and even exceed the h1gh 
standard set by his earlier 75-watt design. . ' 
Three versions are offered, a 30-watt with Darlington outp.ut trans1stors, and ~ 3~- and .45-watt, 
both with Mosfet output devices. All are of identical outs1de appearance wh1ch 1s des1gned to 
match and stack with our Linsley-Hood cassette recorder 2. . . 
As with all Hart kits the constructors interests have been looked after in a umque way by reducing 
the conventional (and boring) w iring almost to the point of extinction,. . . 
Any of these kils represents a most cost-effective route to the very highest sound quality w1th the 
extra bonus oflhe enjoyment of building a sophisticated piece of equipment. . . . . 
30-watt Darlington ampl ifier, fully integrated with tone controls and magnetic p1ck-up facility . 
Total cost of all parts is £81.12. Special offer price for co~pleta k1ts £72. . 
35-watt Mosfet amplifier. Total cost of parts £9S.41. Spec1al offer for complete k1ts, £87.40. 
45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete k1ts £94.80. 
-Reprints of origin<! I Articles from Hi-Fi News SOp. Post free. No VAT. · 
Reprints of MO"SFET article 25p. N~ V.A.T. Post free . 

FEED YOUR MICRO BYTES 
WITH OUR 

SOLENOID CONTROLLED CASSETTE DECK 

Front loading deck with full solenoid control of all functions including optional search in fast wind 
modes. 12 volt operation. Fitted 3-digit memory counter and Hall IC Mot1on Sensor. Standard 
erase and stereo R/P Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full 
technical specification included. 1 

HART TRIPLE-PURPOSE TEST CASSETTE TC1 
One inexpensive test cassette enables you to set up VU level, head azimuth and tape speed. 
Invaluable when fitting new heads. Only £2.70 plus V.A.T. and SOp postage . 

CASSETTE HEADS 
HS16 SENDUST ALLOY SUPER HEAD. Stereo A/ P. Longer life than Permalloy. Higher output than 

~~i~"sie~~~a~~~!:1t':R~P ~e:~d0fo"re;e~~~~~~n'f~~e~~~a~~ ·; ·;; i~ver~·.~!c :::: · ..... ... ............. ::::: ::: ~::~g 
HM90 Stereo R/P head for METAL tape. Complete w ith data... .. .. £7.20 

~llil!~1~~u~li~;!~?t~~~~~;:~~L ::: · :::::: : : : : : : :: : :: ::::: :: ::::: :::: : ::: ::: :: : :: :::::: : : :.,: . ::: :: :: : : : : ::: :· :JU~ 
ME1512/2 Ferrite Erase. Large Mtg........ ........ .. .... ......... .. . .. .. £4.25 
·cCE/8M 2f2 ,Erase. Std. Mtg.. .... .. ...... ...... .. .. .. ............ .. .. .... .... .. ...... .. . £7.90 

All prices plus VAT 

Ideal for the experimenter 

• THIS DOSIMETER WILL AUTOMATICALLY 
DETECT GAMMA AND X-RAYS 

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

• PRECISION INSTRUMENT 
• MANUFACTURERS CURRENT PRICE OF A 

SIMILAR MODEL OVER £25 EACH 

British design & manufacture 

Tested and fully guaranteed. Ex-stock delivery. 

01-723 1008/9 !!f.Y!Jsl 

404 EOGWARE ROAD, LONDON W21 ED ~ 
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TTLs by TEXAS ' 
7400 11p 
7401 . 12p 
7402 12p 
7403 14p 
7404 14p 
740S 18p 
7406 30p 
7407 30p 
7408 16p 
7409 16p 
7410 15p 
7411 20p 
7412 20p 
7413 25p 
7414 35p 
74C14 90p 

I 7416 2Jp 
7417 27p 
7420 17p 
7421 30p 
7422 22p . 
7423 25p 
742S 30p 
7426 30p 
7427 25p 
7428 30p 
7430 17p 
7432 30p 
7433 30p 
7437 30p 
7438 30p 
7440 17p ' 
7441 70p 
7442A SOp 
7443 112p 
7444 112p 
7445 BOp 
7446A 93p 
7447A 60p 
7448 70p 
7450 17p 
7451 17p 
7453 17p 
7454 17p 
7460 17p 
7470 36p 
7472 30p 
7473 32p 
7474 30p 
747S 38p 
7476 32p 
7480 SOp 
7481 lOOp 
7482 84p 
7483A 60p 
7484 lOOp 
7485 110p 
7486 30p 
7489 210p 
7490A 30p 
7491 60p 
7492A 40p 
7493A 30p 
7494 75p 
7495A 60p 
7496 SOp 
7497 180p 
74100 100p 
74107 34p 
74109 40p 
74116 lOOp 
74118 lOOp 
74119 100p 
74120 110p 
74121 34p 
74122 48p 
74123 60p 
74125 60p 
74126 60p 
74128 60p 
74132 60p 
74136 60p 

~!1!~ z~: 
74145 90p 
74147 120p 
74148 100p 
741SO 120p 
741S1A SOp 

.741S3 SOp 
741S4 90p 
741S5 60p 
74156 60p 
74157 60p 
74159 120p 
74160 70p 

' 74161 70p 
· 74162 70p 
74163 70p 
74164 90p 
74165 90p 
74166 90p 

~ 74167 200p 
74170 200p 

. 74172 300p 

. 74173 90p 
74174 75p 

,74175 75p 
' 74176 70p 
' 74177 90p 
74178 lOOp 
74180 SOp 
74181 160p 
74182 90p 
74184A 120p 
74185 120p ' 
74186 500p 

· 74188 325p · 
74190 90p 
74191 90p 
74192 90p 
74193 90p 
74194 90p 
74195 95p 
74196 70p 
74197 SOp 

. 74198 120p 
74199 120p 
74221 90p 
742S1 lOOp 
74259 120p 
74278 200p 
74279 110p 
74283 140p 
74284 2SOp 

. 74285 250p 
74290 lOOp 
74293 lOOp 
74298 100p 
74365 60p 
74366 60p 

'4025 
4026 
4027 
4028 
4029 
4030 

74LS SERIES 4031 
74LSOO 14p 4034 
74LS02 14p . 4035 
74LS03 1Sp 4036 
74LS04 16p . 4039 
74LS05 20p ' 4040 
74LS08 20p 4041 
74LS09 20p 4042 
74LS10 ZOp 4043 
74LS 1 1 30p 4044 
74LS 13 30p 4046 
74LS 14 SOp 4047 
74LS20 2Dp 4048 
74LS21 30p 4049 
74LS27 30p 4050 
74LS30 20p 4051 
74LS32 27p 4052 
74LS37 30p 4053 
74LS38 30p ag54 
74LS42 60p 55 
74LS47 60p 056 
74LS51 24p 4059 
74LS55 30p 4060 
74LS73 30p 4063 
7 4LS7 4 27p 4066 
74LS75 36p 4067 
74LS76 36p 4068 
74LS83 70p 4069 
74LS85 SOp 4070 
74LS86 36p 4071 
74LS90 40p 4072 
74LS92 70p 4073 
74LS93 50p 4075 
74LS96 110p 4076 
74LS 107 45p 4081 
74LS109 60p 4082 
74LS112 40p 4086 
74LS113 45p 4089 
74LS114 45p 4093 
74LS122 70p 4094 
74LS123 60p ·4095 
74LS124 1SOp 4096 
74LS125 SOp 4097 

·74LS126 50p 409S 
74LS132 60p 4099 
74LS133 30p 40100 
74LS136 45p 40101 
74LS138 55p 40102 
74LS139 55p 40103 
74LS145 ,20p 40104 
74LS147 160p · 40105 
74LS148 140p ·40106 
74LS151 70p · 40107 
74LS153 60p 40108 
74LS154 ZOOp 40109 
74LS155 50p 401 10 
74LS156 50p 40114 
74LS157 SOp 4502 
74LS158 60p 4503 
74LS160 75p 4507 
74LS161 75p 4508 
74LS162 90p 4510 
74LS163 60p 4511 
74LS164 70p 4512 
74LS165 lOOp 4514 
74LS166 120p ·4515 

; 74LS1 70 120p 4516 
' 74LS173 110p 4518 
· 74LS174 BOp 4520 
74LS175 70p : 4521 
74LS181 200p 4526 

. 74LS1'!10 75p 4527 
74LS191 75p 4528 

. 74LS192 75p 4532 
74LS193 75p 4534 
7 4LS 195 75p 4536 
74LS196 75p 4538 
74LS197 90p 4543 
74LS221 90p 4553 
74LS240 120p 4556 
74LS241 120p 4560 
74LS242 90p 4569 
74LS243 90p 4572 
74LS244 lOOp 4583 
74LS245 120p 4584 
74LS247 140p 4585 
74LS251 75p 4724 
74LS253 75p 40097 
74LS257 75p 14411 
74LS258 75p 14412 
74LS259 100p 14433 
74LS266 100p 14500 
74LS273 120p 14599 
74LS279 55p 
74LS283 75p 
74LS298 160p 
74LS323 250p 
74LS324 150p 
74LS348 ZOOp 
74LS365 48p 
74LS367 SOp 
74LS368 SOp 
74LS373 120p 
74LS374 120p 
74LS375 60p 
74LS377 lOOp 
74LS378 SOp 
74LS390 90p 
74LS393 90p 
74LS399 200p 
74LS445 140p 
74LS670 225p 

4000SERIES 
4000 15p 
4001 18p 
4002 20p 
4006 70p 
4007 20p 
4008 70p 
4009 40p 
4010 40p 
4011 16p 
4012 25p 
4013 35p 
4014 75p 
4015 70p 
4016 35p 
4017 SOp 
4018 70p 
4019 45p 
4020 65p · 
4021 75p 
4022 700p 
4023 20p 
4024 40p 

INTERFACE ICs 
AD536A £13 
AD561J 1400p 
AD7524 600p 
DM8131 375p 
DP8304 450p 
DS8835 25Dp 

· DS8836 150p 
DS8838 225p 
MC1488 65p 
MC1489 65p 
MC3446 300p 
MC3480 850p 
25S10 350p · 
58174 £12 
75107 160p 
75110 160p 
75114 160p 
75150 175p 
75154 175p 
75182 230p 
75324 375p 
75361 150p . 
75363 150p 
75365 150p 
75451/2 72p 
75491/2 70p 
BT26 1S0p 
8T28 160p 
8T95 180p 
8T97 1SOp 
81LS95 120p 
81LS96 140p 
81 LS97 120p 
81LS98 140p 
9602 220p 

45p 
180p 
120p 

~~~:1sor..Aro~~P Tiu 11 
MCT26 lOOp TIL112 
MCS2400 190p Tll116 

·· LEOS 
0.125" 
TIL32 55p 
TIL209 Red 13p 
TIL21 1 Gr 20p 
TIL212 Ye 25p 
TIL216 Red 18p 

'DISPLAYS 
3015F 200p 
DL704 140p 
DL707 Red 140p 
FND357 120p 
FND500 110p 
FND507 110p 
MAN3640 175p 

_ .MAN4640 200p 

0.2" 
TIL220 Red 
TIL222 Gr 
TIL228 Red 
Rectangular 
LEOs (R, G, Y) 
NSB5881 
TIL311 
TIL312 f3 
TIL321f2 
TIL330 
7750/60 

DRIVERS 
9368 
9370 
UDN6118 
UDN6184 

SOp 
SOp 
60p 
70p 
70p 
70p 
70p 
70p 

120p 
120p 
55p 

90p 
90p 
90p 

16p 
18p 
22p 

30p 
570p 
600p 
110p 
130p 
140p 
200p 

250p 
300p 
320p 
320p 

2101-4L 
2102-2L 
2107B 
2111-4 
2112·4 
2114 
2114-2L 
4027-3 

. 4044 
4116 
4118·4 
5101 
,IDS-. 
6514-45 
6810 
ROI\II/PROMs 
71301 
74S1B8 
74S2B7 
74S471 

. 74S571 
CPUs 
1600 
1B02CE 
2650A 
6502 
6800 
6802 
6809 
8080A 
8085A 
1NS8060 
TM59980A 
Z80 
Z80A 
EPROMs 
1702A 
2708 
2716 (+ 5V) 
2532 
2732 
S-UPPORT 
DEVICES 
3242 
3245 
6522 
6532 
6820 
6821 
6845 
6850 
6852 
6875 
8154 
8155 
8205 
8212 
8216 
8224 
8226 
8228 
8251 
8253 
8255 
8257 

700p 
225p 
350p 
650p 
650p 

1200p 
750p· 

£16 
500p .' 
370p 
S50p 

£16 
450p 
550p · 

1000p 
£20 

450p 
550p 

500p 
350p 
500p 
750p 
750p 

800p 
450p 
500p 
825p . 
375p 
180p 

£10 
180p 
370p 
600p 
950p 
SOUp 
320p 
200p 
200p 
250p 
250p 
250p 

TMS9918 
ZBOP10 
Z80AP10 
Z80CTC 
Z80ACTC 
Z80ADART 
Z80ADMA 
Z80S_10·1 
UART 
AY·3·1015P 400p 
AY-5-1013P 350p 
IM6402 450p 
CHARACTER 
GENERATORS 
R0-3-2513 U.C. 

SOOp 
R0-3-2513 L.C. 700p 
SN74S7~?AN £10 
KEYBOARD 
ENCODER 
AY-5-2376 700p 
74C922 _ _ 500p 

CRYSTALS 
32.768KHz 250p 
100KHz 300p 
200KHz 370p 
1.0MHz 320p 
1.008MHz 350p 
1.8432MHz 250p 
2.00MHz 250p 
2.45760MHz 250p 
3.276MHz 250p 
3.5795MHz 175p 
4.00MHz 290p 
4.194MHz 250p 
4.43MHz 125p 
5.0MHz 250p 
6.0MHz 250p 
6.144MHz 250p 
7.0MHz 250p 
7.168MHz 250p 
8.00MHz 250p 
8.867MHz 250p 
10.00MHz 250pi 
10.7MHz 250p 
1p.OMHz 350p 
16.00MHz 250p 
18.00MHz 250p 
18.432 250p 

· 19.968MHz 390p 
26.690MHz 300p 
27.145MHz 250p 
38.6667MHz 350p 
48.0MHz 300p 
55.5MHz 400p 

·116MHz 350p ·· 

87 

9p 
15p 

60p 
70p 
SSp 
75p 
9Sp 
85p 

105p 
110p 
130p 
130p 

£24 
£36 
£15 

£5.50 

EPROM ERASERS Type UV140. Will erase up to 14 
EPAOMS in approx. 20 mins. Has slide-In tray for safe 
use. MAINS and ERASE indicators £61.50 

with full 
board, 8K ROM, and can be expanded to 1 
ROM, 12K RAM . Included are UHF Modulator for 
connection to domest ic TV and Free Manual on Pro-

gramming in BASIC or Ma~~i£'f2~~g~ilt£lSO. P&P £2.SO. 

COUNTERS 
74C925 
74C928 
ICM7216B 
ICM7217A 
ZN1040E 

550p 
600p 

2000p 
&SOp 
700p 

DIGITAST 
180p Any colour 60p 
200p With LED 90p 

TTL&ECL 
MC4024 
MC4044 
10116 
10231 

325p 
325p 

70p 
350p 

*SPECIAL OFFERS* 

2114L(450ns) . 
2716 (+5V) 
4116 (200ns) 

1-24 
1.20 
2.90 
1.10 

25-99 
1.10 
2.75 
1.05 

100 
1.00 
2.25 
1.00 

* SPEECH SVNTHESISER * . (A Project by TEXAS INSTRUMENTS LTD) 

* Superb major solid state speech project for under £100 * Promises to have a dramatic impact on State-of-Art 
Electronics - now, and for generations to come * Complete talking library of over 200 words with further 
expansion space 

* Easy interfacing to a microcomputer through a few lines 
of BASIC * Pitch control has exciting electronic music applications * A reprint of original constructional articfe· bY" E&rvrM 
(June' 81) and aya il able at 65p plus large SAE. 

.complete Kit of parts (inc. PCB) £87 
(NB : We are fully authorised TEXAS INSTRUMENT supplier fo r above pro ject ) 

, NEW RETAIL SH~P ~ Please add 30p P&P & VAT 15% . - -

305 Edgware Road, W2 ' Government Colleges. etc Orders accepted 
Open: 9.30-5.30 Mon F" 930530 

CALLERS WELCOME Saturday 1u 304 Jo 
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AMPLIFIER 
WITH 
HEAT SINK 

Which amplifier? 
I.L.P. Amplifiers now come in three basic types, 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 hi-fi with extra versatility 
(MOS 120, MOS200) or Disco/PA/Guitar !HD120, HD200or HD400) you will 
then decide whether amplifiers housed within their own heats inks or plate 
amplifiers for bolting to a metal chassis will suit. With choice such as this and a 
brilliant 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. 

•=n:lH ~Standard, with heatsinks Without heatsinks 

DISTORTION 
OUTPUT T.H.D. I.M.D. SUPPLY 

MODEL POWER Typ 60HZ/1kHz VOLTAGE SIZE WT PRICE VAT MODEL SIZE WT PRICE 

NUMBER Wattsrms at 1kHz 4:1 TYP/MAX mm gms NUMBER in mm gms 

HY30 15w/4-8n 0.015% <0.006% ±18±20 76x68x40 240 £7.29 £1.09 

HY60 30w/4-8n 0.015% <0.006% ±25±30 76x68x40 240 £8.33 £1.25 .... 
HY120 60w/4-8n 0.01% <0.006% ±35±40 120x78x40 410 £17.48 £2.62 HY120P 1 20x26x40 215 £15.50 

HY200 120w/4·8f2 0.01% <0.006% ±45±50 120x78x50 515 £21.21 £3.18 HY200P 1 20x26x40 215 £18.46 

HY400 240wt4n 0.01% <0.006% ±45±50 1 20x78x100 1025 £31.83 £4.77 HY400P 120x26x70 375 £28.33 

Protection: load line. momentary short circuit (typically 10 sec) Slew rate: 1 5V/~s Rise time: 5~s 
SIN ratio: 1 OOdb Frequency response (- 3d8/: 15Hz - 50kHz 
Input sensitivity: 500mV rms Input impedance: 1 OOkn Damping factor: (8f2/1 00Hzl>400 

HEAVY DUTY with heatsinks Without heatsinks 

HD120 60w/4·8f2 0.01% <0.006% ±35±40 120x78x50 515 £22.48 £3.37 HD120P 120x26x50 265 £19.84 

HD200 120w/4-Bn 0.01% <0.006% ±45±50 120x78x60 620 £27.38 £4.11 HD200P 120x26x50 265 £23.63 

HD400 240wt4n 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 claim additional output power devices and complementary protection circuitry with performance specs. as tor standard types. 

I MIJ.."t I ::I Ultra-Fi, with heatsinks 

MOS120 60w/4·8f2 <0.005% <0.006% ±45±50 120x78x40 420 £25.88 £3.88 MOS120P 

MDS200 120w/4-8n <0.005% <0.006% ±55±60 120x7Bx80 850 £33.46 £5.02 MDS200P 

MOS400 240w/4f2 <0.005% <0.006% ±55±60 120x78x100 1025 £45.39 £6.81 MDS400P 

Protection: Able to cope with complex loads, without the need for very special protection circuitry (fuses will suffice). 
Ultra-fi specifications: 
Slew rate: 20V/f.1S Rise time: 3~s SIN ratio: 100db. Frequency response(- 3d8): 15Hz - 1OOkHz 
Input sensitivity: 500mV rms Input impedance: lOOkn Damping factor: (8nt100Hz)>400' 

POWER SUPPLY UNITS 
MODEL NO. FOR USE WITH 

PSU30 ± 15V combinations of HY6/66 series to 
a maximum of 1 OOmA or one HY67 

PRICE 

£4.50 

VAT 

£0.68 

Without heatsinks 

120x26x40 215 [23.32 

·120x26x80 420 £28.53 

120x26x100 525 £38.91 

FP480 
BRIDGI NG UNIT FOR 
DOUBLING POWER 

VAT 

£2.33 

£2.77 

£4.25 

£2.98 

£3.54 

£5.14 

£3.50 

£4.28 

£5 .84 

The following will also drive the HY6/66 
series except HY67 which requires the PSU30. 
1 or 2 HY30 

Designed specially by I.L.P. for use 

PSU36 
PSU50 
PSU60 
PSU65 
PSU70 
PSU75 
PSU90 
PSU95 
PSU180 

PSU185 

1 or 2 HY60 
1 X HY120/HY120P/HD120/HD120P 
1 xMOS120/ 1 xMOS120P 
1 or 2 HY120/HY120P/HD1 20/HD120P 
1 or 2 MOS 120/MOS 120P 
1 x HY200/HY200P/HD200/HD200P 
1 X MOS200/MOS200P 
2 x HY200/HY200P/HD200/HD200P or 
1 x HY400/1 x HY400P/HD400/HD400P 
1 or 2 MOS200/MOS200P/1 x MOS400/ 
1 x MOS400P 

£8.10 
£10.94 
[ 13.04 
£13.32 
[ 15.92 
£16.20 
£16.20 
£16.32 

£21.34 

£21 .46 
All models except PSU30 and PSU36 Incorporate our own toroidal transformers. 

£1.22 
£1 .64 
£1 .96 
£2.00 
£2.39 
£2.43 
£2.43 
£2.45 

£3.20 

£3.22 

ELECTRONICS 

with any two power amplifiers of the 
same type to double the power output 
obtained and will function with any 
l.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 8n. Contributory distortion less 
than 0.005%. 
Price: £4.79 + 72p. V.A.T. 

LTD. 
FREEPOST 2 Graham Bell House, Roper Close. Canterbury, Kent CT2 7EP. 

· Telephone (0277)54778 {Technical (0227) 64723) Telex 965780 

-~~~·· ..... Available also from MARSHALLS, TECHNOMATIC, WATFORD ELECTRONICS and certain othe r se lected re tailers . 

Which modules? 
In launching e.ig.hteen differ~nt units all within amazingly compact cases to help make 
complete aud1o systems us1ng I.L.P .. power amplifiers, we bring the most exciting, the 
most ~ersatile modular _assembly scheme ever for constructors of all ages and 
ex~enence . Study the l1st - see how these modules w ill combine to almost any audio 
project you fancy - and remember all/. L. P. modules are compatible with each other 
they connect easily. Modules HY6to HY13 measure 45 x 20x 40mm. HY66 to HYTl 
m~asure 90 x 20 x 40mm. They are so rel iable that aiii.L .P. modules carry a 5 year no 
qu1bble guarantee. · . . 

MODEL CURRENT 
NO. MODULE DESCRIPTION/FACILITIES REQUIRED PRICE VAT 

HY6 MONO PREAMP Mic/Mag. Cartridge/TuneriTape/ 10mA £6.44 £0.97 
Aux +Volume/Bass/Treble 

HY7 MONO MIXER To mix eight signals into one 10mA £5.15 £0.77 
HY8 STEREO MIXER :rwo channels, each mixing f ive signals 10mA £6. 25 £0.94 

1nto one 

HY9 STEREO PRE AMP Two channels mag. Cartridge/ 10mA £6.70 £1 .01 
Mic + Volume . 

HY1 1 MONO MIXER To mix f ive signals into one 10mA £7.05 £1.06 
+Bass/Treble controls · 

*HY12 MONO PREAMP To mix two signals into one 10mA £6. 70 £ 1.01 
+Bass/Mid-range/Treble 

* HY13 MONO VU METER Programmable gain/LED overload driver 10mA £5.95 £0.89 
HY66 STEREO PRE AMP Mic/Mag . Cartridge/Tape/Tuner I Aux 

+ Volume/Bass/Treble/Balance 
20mA £ 12. 19 £1.83 

HY67 STEREO HEADPHONE Will drive headphones in the range of SOmA £1 2.35 £1 .85 
4Q - 2KQ 

HY68 STEREO MIXER :rwo channels, each mixing ten signals 20mA £7.95 C l. 19 
rnto one 

HY69 MONO PREAMP Two input channels of mag. Cartridge/ 
Mic +Mixing/Volume/Treble/Bass 

20mA £ 10.4 5 £1 .57 

HY71 DUAL STEREO Four channels of mag. Cartridge/Mic 20mA £ 10. 75 £1 .6 1 
PREAMP +Volume 

* HY72 VOICE OPERATED Depth/Delay 20mA To be announced 
STEREO FADER 

* HY73 GUITAR PRE AMP Two Guitar (Bass/Lead) and Mic 
+separate Volume/Bass/Treble+ Mix 

20mA £ 12.25 £1 .84 

t HY74 STEREO MIXER Two channels , each mixing five signals 20mA £11 .4 5 £1 .72 
into one+ Treble /Bass 

t HY75 STEREO PRE AMP Two channels , each mixing two signals 
rnto one+ Bass/Mid-range/Treble 

20mA £ 10.75 £1.61 

t HY76 STEREO Two channels, each switching one of 20mA To be announced 
SWITCH MATRIX four signals into one 

t HY77 STEREO VU . Programmable gain/LED 20mA £9.25 £1 .39 
METER DRIVER overload driver 

* Ready August - may be ordered now 

tReady September - m ay be ordered now 
All the abo ve.modules op erate from ±t SV m1nim uin to ± 30V maximum - higher voltages heing 
accommodated b v use of dropper resistors . HY67 can only b~ used with the PSU 30power supply unit . 

The modules are 
encapsulated and include 
latest design high quality 
clip-on edge connectors. 

For easy mounting we 
recommend 
B6 Mounting board for 
modules HY6 - HY13 

78p + 12p. V.A.T. 
866 Mounting board for 
HY66 - HY77 

99p + 13p. V.A. T. 

AII I.L.P. modules include 
full connection data. 

l.l.P. Products 
are of Brit!sh 
Design and 
Manufacture. 

See also our ad. on page 107 ALL WITH ILP ·s 5 YEAR NO QUIBBLE GUARANTEE 
TO ORDER USING OUR 
FREEPOST FACILITY 
Fill in the coupon as shown , or w rite details on a separate 
sheet of paper , quoting the name and date of th is journal. 
By sending your orde r to our address as shown at the 
bottom of the page opposite . with FREEPOST clearly 
shown o n the envelope , you need not stamp it . We pay 
postage for you . Ch eques and money orders must be 
crossed and made payable to I.L.P . Electronics Ltd . If 
sending cash . it must be by registered post . To pay 
C.O.D. please add £ 1 to TOTAL val ue of order . When 
ordering, U.K. cus tomers must include the appropria te 
V.A. T. as sho wn. 
PAYMENT MAY BE MADE BY ACCE:SS OR 
BARCLAYCARD IF REQUIRED. 

WW- 021 FOR FURTHER DETAILS 

~------------------------~-----~------
To: I.L.P. ELECTRONICS LTD. ROPER C~OSE CANTERBURY CT2 7EP 

Please supply .. .. ....... .... .. .. .... ... ..... ... ... ... .... .... .. ...... .. ... ........ ... . . 

.. · ... ... ... .. ....... .. .. ... ... .... .. ........ .. .... ........ .. Total purchase price £ 

1 enclose Cheque 0 Postal Orders 0 International Money Order 0 

Please debit my Access/Barclaycard Account No ....... .. ..... .. ... ...... . 

NAME .. ....... ...... .. ... .......... ... ........ .. ..... ..... ... .. . . 

ADDRESS .. ..... .... ... .. ... ; ... ........... ...... . : ·· ··· .. ···· ·· 

Signature .... ...... ... ... . .' ...... ...... .. ... .. . 

www.americanradiohistory.com

www.americanradiohistory.com


90 

VALVES Minimum 
Order,£1 

· A1065 
A2293 
A2900 
ARB 
ARP3 
ATP4 
B12H 
CY31 
OAF96 
DET22 
OF96 
OK96 
OH76 
OL92 
OY86/87 
OY802 
E55L 
EBBCC 
EBBCC/01 
E92CC 
E180CC 
E180F 

· E182CC 
EA76 
EABCBO 
EB91 
EBC33 
EBC90 
EBFBO 
EBF83 
EBF89 
EC52 
EC91 
EC92 

·ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC86 
ECCBB 
ECC189 
ECC804 
ECF80 
ECF82 
ECF801 
ECH34 
ECH35 
ECH42 
ECH81 
ECH84 
ECLBO 
ECL82 
ECL83 
ECL85 
ECL86 
EF37A 
EF39 
EFBO 
EF83 
EF85 
EF86 
EF89 
EF91 
EF92 
EF95 
EF96 
EF183 
EF184 
EF804 
EF812 
EFL200 
EH90 
EL32 
EL34 

EL37 
EL81 
EL82 
EL84 
EL86 
EL90 
EL91 
EL95 
EL504 
EL803 

1.40 1 EL509. - - 2.70 ' QOVOOi4oA - 6AL5 
6AL5W 
6AM5 
6AM6 
6AN8A 
6AQ4 
6A05 
6AQ5W 
6AS6 
6AT6 
6AU6 
6AV6 
6AX4GT 
6AX5GT 
6BA6 
6BE6 
6BG6G 
6BJ6 
6807A 
6BR7 
6BW6 
6BW7 
6C4 

8.80 EL802 1.70' 16.10 
9.20 EL821 8.20 QV03-12 4.20 
0.75 EL822 9.95 SC1/400 4.50 
0.70 EM31 1.60 SC1/600 4.50 
0.60 EMSO 0.85· SP61 1.80 
3.90 EM81 0.85 TI21 16.50 
1.40 EM84 0.85· U25 1.15 
0.70 EM87 1.30 U26 1.15 

26.95 EY51 0.95 U27 1.15 
0.70 EY81 0.65 U191 0.85 
1.20 EY86/87 0.60 U281 0.70 
0.75 EY88 0.65 U301 0.65 
0.60 EZBO 0.70 U600 11.50 
0.65 EZ81 0.70 U801 0.90 
0.70 GM4 5.90 UBC41 1.20 

14.90 GY501 1.30 UA8C80 0.75 
1.60 GZ32 1.05 UAF42 1.20 
3.10 GZ33 4.20 UBFBO 0.70 
1.20 GZ34 2.75 UBF89 0.70 
2.80 GZ37 3.95 UBL21 1.75 
6.30 KT66 6.30 UCC84 0.85 
4.95 9.20* UCC85 0.70 
2.25 KT88 8.95 UCFBO 1.30 
0.60 13.(!1~ UCH42 1.65 

6C6 
6CH6 
6CL6 
6CX8 
6CY5 
606 
6EA8 
6F6 
6F6GB 
6F7 
6F8G 
6F12 
6F14 
6F15 

0.60 MH4 2.50 ' UCH81 0.75 
1.15 ML6 2.50 UCL82 0.95 
0.90 MX10/01 21.50 UF41 '1.35 
0.60 N78 9.90 UF80 0.95 
0.60 OA2 0.70 UF85 0.95 
0.80 082 0.80 UL41 2.30 
0.65 PABCBO 0.60 · UL84 0.95 
3.40 PC85 0.75 UMBO 0.90 
0.85 PCBS 0.95 UM84 0.70 
0.65 PC88 0.95 UY82 0.70 
0.60 PC97 1.50 UY85 0.85 
0.65 PC900 1.15 VR105/30 
0.60 PCC84 0.50 
0.60 PCC89 0.85 
1.70 PCC189 1.05 
0.80 PCFBO 0.80 
0.95 PCF82 0. 70 
0.90 PCF84 0.75 
0.85 PCF86 1.50 
0.65 PCF87 0.50 
1.05 PCF200 1.60 
2.25 PCF201 1.65 
1.70 PCF800 0.50 
1.20 PCF801 1.75 
0.70 PCF802 0.85 
0.80 PCF805 2.45 
0.70 - PCF806 1.20 
0.75 PCF808 2.75 
1.40 PCH200 1.35 
0.80 PCL81 0. 75 
0.90 PCL82 0.95 
2.15 PCL84 0.90 
1.80 PCL86 1.05 
0.65 PCLBOS/851.25 
1.75 POS00/510 4.30 
0.60 PFL200 1.10 
0.75 2.80 
1.05 PL36 1.25 
1.50 PL81 0.85 
2.90 PL82 0. 70 
0.65 PL83 0.60 
0.60 PL84 0.95 
0.80 PL504 1.46 
0.80 PL508 1.95 
4.95 PL509 2.90 
0.75 PL519 3.20 
1 .85 PL802 3.20 
0.85 PY33 0. 70 
1.10 PY80 0.70 
1 .80 PY81 /800 0.85 

2.90* PY82 0.65 
4.40 PY83 0.80 
2.45 PY88 0.85 
0.70 PYSOO 1.70 
0.80 PY809 6.46 
0.95 PY801 0.80 
1 00 QQV03/10 2.85 
4.20 OOV03-20A 
0.80 14.40 
1.70 OOV03·25A 
5.90 21.20 

1.25 6F17 
VR 150/30 1.35 6F23 
X66 0.95 6f24 
X61M 1.70 6F33 
XR1-640.0A 6FH8 

82.90 6GA8 
19.00 6GH8A 
0.75 6H6 
3.45 6J4 

Z759 
Z749 
Z800U 
Z801U 
Z803U 
Z900T 
1A3 
1L4 
1R5 
1S4 
1S5 
1T4 
1U4 
1X2B 
2021 

2K25 
2X2 
3A4 
3AT2 
306 
3022 
3E29 
354 
4832 
58/254M 
56/255M 
56/258M 
5C22 
5R4GY 
5U4G 
5V4G 
5Y3GT 
5Z3 
5Z4G 
5Z4GT 
6/30L2 
6AB7 
6AC7 
6AG5 
6AH6 
6AK5 
6AK8 

3.75 6J4WA 
16.00 6J5 
2.45 6J5GT 
0.85 6J6 
0.50 6J6W 
0.60 6JE6C 
0.45 6JS6C 
0.46 6K7 
0.45 6L6M 
0.80 6L6G 
1.40 6L6GC 
1.10 6L6GT 

1.85* 6L7G 
11.90 6L18 
1.15 6L06 
0.70 6LD20 
2.40 6KG6A 
0.50 607G 

23.00 6SA7 
19.00 6SG7 
0.60 6SJ7 

18.25 6SK7 
16.90 SSL7GT 
14.50 6SN7GT 
12.50 6SR7 
29.90 6507 

1.80 6V6G 
0.75 6V6GT 
0.75 6X4 
0.80 6X4WA 
1.50 6X5GT 
0.75 6Y6G 
1.05 6Z4 
0,90 787 
0.70 7Y4 
1.15 902 
0.60 906 
1.15 10C2 
0.65 10F18 
0.60 10P13 

0.60' 
0.85 ' 
4.20 
1.50 
2.50 
3.40 
1.00 
1.80 
1.15 
0.90 
0.60 
0.85 
1.30 
1.30 
0.55 
0.60 
1.60 
1.30 
0.85 
4.80 
6.20 
0.90 
0.50 
0.55 
8.20 
1.70 
3.80 
1.15 
0.70 
3.20 
1.60 
1.10 
2.80 
0.85 
1.50 
1.15 
1.30 
1.15 
0.75 
1.75 

10.50 
4.20 
0.90 
0.95 
1.60 
1.35 
2.00 

' 2.30 
0.90 
0.65 
0.90 
2.95 
2.95 
0.80 
2.80 
2.50 
2.10 
1.25 
0.65 
0.70 
2.95 
0.70 
2.70 
1.30 
1.00 
1.15 
1.05 
0.95 
0.85 
0.80 
1.10 
0.95 
1.50 
0.95 
0.75 
2.10 
0.65 
0.90 
0.70 
1.75 
1.25 
0.70 
2.90 
0.85 
0.70 
1.5o 

VALVES VAT 
IS INCLUDED 

11E2 
12A6. 
12AT6 
12AT7 
12AU7 
12AV6 
12AX7 
12BA6 
12BE6 
12BH7 
12CB 
12E1 
12J5GT 
12K7GT 
12K8GT 
12Q7GT 
12SC7 
12SH7 
12SJ7 
12507 
12SQ7GT 
12Y4 
1303 
1305 
1306 
1457 
19AQ5 
19G3 
19G6 
19H5 
2001 
20F2 
20E1 
20P1 
20P3 
20P4 
20P5 
25L6GT 
25Z4G 
30C15 
30C17 
30C18 
30F5 
JOFL2 
30FL12 
30FL 14 
30L15 
30L17 
30P12 
30PL13 
30PL14 
35L6GT 
35W4 
35Z4GT 
40K06 
50C5 
50C06G 
7581 
75C1 
76 
78 
80 
85A2 

723A/B 
807 
813 
8298 
832A 
866A 
866E 
931A 
954 
955 
956 
957 
1625 
1629 
2051 
5763 
5842 
5881 
59~ 
6057 
6060 

19.50 6064 2.30 ' . 
0.70 . 6065 -~ 
0.70 . 6067 2.30 
0.66 6080 5.30 
0.60 6146 4.515 
0.95 61468 5.20 i 
0.66 6360 2.85 . 
0.90 6550 6.60 . 
1.25 6870 14.00 . 
1.10 8552 8.20 ' 
0.65 6973 3.30 ' 

18.95 7199 2.85 : 
0.55 3BP1 11.00 : 
0.70 5FP7 18.00! 
0.80 4EP1 32.00, 
0.60 88J 14.00 
0.66 88L 14.00 
0.66 CV1526 16.00 
0.70 DG7-32 34.80 
1.46 DG7-36 36.00 
0.85 DPM9-1 1 38.40 
0.70 D13-33GM 

~:: • spec. Q 41 .80 ; 
0.80 

~:~ PLUMBICON 
l1.50 P8003LF 
8.50 ~~~ 

39·55 X01020R g:: XQ1020B 
1.30 SPECIALV. 
0·66 4CX 1000A 
0.7S 4CX 5000A 
125 BM 25L 
1.35 BW 153 
0.95 OM 25LB 
0.75 YL 1420 
0.50 YL 1430 
0.50 YL 1440 
2.46 G_XU 6 
1.15 CV1597 
1.40 CV2116 
1.25 4CX 15008 
2.15 BR189 
1.10 BR 179 
1.10 CV6131 
1.15 GMU2 
1.25 TY4-500 
2.46 BK485/5552A 
1.40 MIL 5948/1754 
0.80 IC 
0.80 SN5402N 0.28 
t~~ SN5410F 0.32 

u~ ·§~~~i~L ~:~ 
1_70 SN7407N 0.29 

0.95 ~~;:~~ g:~: 
0·95 SN74453P 1.10 
~:~ SN7453N 0.18 

2_55* SN74L73N 0.38 

11 .90 §~;~~~ g:;~ 
1.25 SN74L85N 1.10 

14.110 SN7491AN 0.32 
14.00 SN74123N 0.42 
8.90 OM74 1 23N 0.38 
3.80 SN15836N 0.26 
6.25 SN76013N 1.80 

13.110 SN76003N 1.60 
0.60 SN76033N 1 .95 
0.70 MC6800P 8.20 
0.60 MC68BOOP 9.80 
1.05 MC14511BA1 
1.80 2.95 
1.85 B 1 702AL 4.30 
2.90 MM6300-1J 
4.20 3.80 
7.50 MCM6810AP 
3.40 3.40 
6.90 6340-1 J 3.60 
2.20 MIC945-5D 0.28 
1.95 MIC936-5D 0.22 

VALVES AND TRANSISTORS 
Telephone enquiries for valves, transistors, etc: 
retail749 3934, trade and export 743 0899. 

FIELD TELEPHONES TYPE "J". 
Tropical, _i n metal cases. 

PRICES MAY VARY 
TEST SET FT2 FOR TESTING Transceivers A40, 
A41, A42 and CPRC26. 
HARNESS "A" & "B" CONTROL UNITS "A" "R" · 
"J1" "J2," Microphones No 5, 6, 7 connectors, 
frames, carrier sets, etc. 
DRUM C~BLE continuous connection YC 00433. 

COLOMOR 
(ELECTRONICS L TO.) 

170 Goldhawk Rd., London W.12 

10-LINE MAGNETO 
SWITCHBOARD. Can work with 
every type of magneto tele
phones. 

POST AGE: £1-£3 45p; £3-£5 55p; 
£5-£10 60p; £10-£15 75p; £15-
£20 SOp; over £20 free. 

Tel. 01-743 0899 
or 01-749 3934 

Open Monday to friday 
9 a.m.-5.30 p.m. 

WIRELESS WORLD AUGUST 1981 

''New Breed'' for the 80's 

7fi;ange ot Monolithic Ceramic Capacitors 

Full range of NPO and X7R dielectrics in 3 body sizes 
1pf- 1f.-IF 

Very robust construction 
Short rectangular rigid leads with meniscus free shoulder 

No flux trap 

Try the ''New Breed'' 
contact Vitramon Limited for further information 

I 
Vitramon Limited 
Wycombe Lane 
Wooburn Green 
Buckinghamshire 
Telephone : 06285 24933 

WW- 015 FOR FURTHER DETAILS 

TEST INSTRUMENTS 
THANDAR-

DIGITAL MULTIMETERS (LED): 
PDM35 £34.50 DM235 £52.50 
DM350 £72.50 DM450 £119.00 
DIGITAL MULTIMETERS (LCD): 
TM351 .. £99.00 TM352 .. £49.95 
TM353 .. £84.00 TM354 .. £39.95 
FREQUENCY METERS : 
PFM200 £49.80 TF040 £110.00 
TF200 £145.00 
PRE-SCALER : TP600 ............ £37.50 
OSCILLOSCOPE: SC11 0 .... £139.00 
PULSE GEN : TG 105 ... ..... ... . £85.00 
FUNCTION GENERATORS : 
TG100 ... £79.00 TG102 £145.00 
Carrying cases : 
DM235, DM350, DM450 ......... £7.70 
PDM35, TM354, PFM200 ....... £3.00 
TM351, TM353, TF040, TG102, 
TF200, TG105, T G100:. ... £5.95 
TM352 .... £1.75 SC110 ... .. £7.70 

Mains Adaptors: 

PDM35, DM450, PFM200 ....... £4.95 
DM235, DM350, TF040 ........... £4.95 
TF200, TP600, SC110 .. . .... .. .. . . £4.95 
Rechargeable Battery Pack : 
DM235, DM350, DM450, SC11 0 

..... ........ .. .. .. .......... .... .. .. ...... -- £7.50 
Universal Test Lead Set . .. .. .... £9.80 
40 kV Probe ... .............. .. ....... . £29.95 
Connector Pack (PFM200) ..... £9.80 
Probes (for SC11 0, TF040, TF200): 
X1 .. . .. ...... £7.00 X10 ...... ... £7.70 
Sprung Hook/Trimmer Pack 
(for SC110) ..... ...... ................... £2.50 
Instrument case ..................... £8.95 
Bench Instrument Rack ....... . £19.95 

SERVICE MANUALS (each) £3.00* 
*No VAT on manuals 

15% VAT on all other prices 
Thandar orders £1 p&p 

SAFGAN SCOPES 
DT-410 £169 DT-4 12 £175 DT-41 5 £188 

Probe (X1-REF-X10) £11.50. P&P £3.50 or parcel service £6.50 ( +15%) 

(All prices plus 15% VAT) 

Many more instruments in LEADER and TMK ranges 

All prices correct at 1 .6 .81 r•·d_:Jt-!.'1 
Cash w ith order or Credit Card u~ 

Catalogue available 30p 

DAROM SUPPLIES 
Open : Monday-Friday 9 a .m.- 5.30 p.m . 

4 SANDY LANE, STOCKTON HEATH 
WARRINGTON WA4 2A Y, CHESHIRE 

Telephone: (0952) 64764 

WW- 012 FOR FURTHER DETAILS 

WIRELESS WORLD AUGUST 1981 

TELETYPE ASR33 ICL TERMIPRINTER SCOOP PURCHASE 
1/0 TERMINALS 300 BAUD TERMINALS 12"VIDEOMONITORS 

· From £195 ! e~~ . 
Fully fledged industry standard ASR33 data ter
minal. Many features including: ASCII keyboard 
and printer for data 1/0, auto data detect circuitry , 
RS232 serial interface, 110 baud, 8 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 

PRICES 
REDUCED 

ONLY 
£295 
+CAR 
+VAT 

Made under licence from the world famous GE Co. 
The ICL Termiprinter is a small attractive unit with 
so many featu res i1 is impossible to list them in the 
space avai lable! Brief spec. as follows; RS232 
serial interface, switchable baud rates 110, 150, 
300, 130 cps). upper and lower case correspond
ence type face, standard paper, almost silent run 
ning, form feed , electronic tab settings, suited fo r 
word processor applications plus many more 
feattlres. Supplied in good condition and in work 
ing order. Limited quantity . 

CONNECT 
DIRECT TO 
YOUR MICRO 

Made by the "BALL MIRATEL" CORPORATION USA 
the CDI2 is a self contained, mains powered chassis 
professional monitor. All controls are inbuilt on a 
single PCB with exception of the brightness control 
which can be brought out for external use. Many 
features such as composite video, quoted bandwidth 
of 19 Mhz, superb linearity and definition make this a 
must for any MICRO/CCTVapplication. 
Brand new and boxed only £97 50 
+ carriage £7.50 + VAl · • + VAT 
Input harness, brightness pot and connector f2.50 
+ VAT. Dimensions 9"H x 11 "D x 1 H"W 

HURRY WHILE STOCKS LAST 

~~OCK SOFTY 
EPROM BLOWER 

Software development system 
invaluable tool for designers, hobby- , 
ists, etc. Enables open heart surgery 
on 2716, 2708 etc. Blows, copies, 
reads EPROMS or emulates 
EPROM/ROM/RAM in situ whilst 
displaying contents on domestic TV 
receiver. Many other features. £115 
+ carr. + VAT. Optional 2716, 2716 
Function Card £40 + VAT. PSU £20 

+£1.50carr. +VAT. 
Write or phone for more details. 

JUSTIN 
Secondhand chassis 9" Blue-best 
mains powered, video monitors, 
composite video input with inbuilt 
5v 3 amp DC P.S.U. Tested, but 
unguaranteed. 

£39.99 + E7.50 carriage 
Complete with circ~it. 
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The same module as used in most ALARM/CLOCK 
radios today, the only difference is our price! All 
electronics are mounted on a PCB measuring only 
3" x 1:1" 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. 

~~k~~~edt~;~~f~;~:r ~~~5~11 data only £5.25 

THE PRINTER SCOOP OF THE YEAR 
THE LOGABAX Z80 MICROPROCESSOR CONTROLLED 

LX180L MATRIX PRINTER 

')~~~;;,.;~~; ~ ~ A massive bulk purchase enables us to offer you this 
superb professional printer at a fraction of its recent 

cost of over £2000. Utilising the very latest in 
microprocessor technology, it features a host of 
facilities with all electronics on one plug in P.C.B. Just 
study the specification and you will instantly realise it 
meets all the requirements of the most exacting 

professional or hobbyist user. 
STANDARD FUNCTIONS* Full ASCII character set* Standard 

ink ribbon* RS23ZNZ4 serial interface-7 xtal controlled baud rates up 
to 9600 * 194 characters per line* Parallel interface *Handshakes on serial and parallel 

E._Orts * 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 27c.l eproms easily reconfigured for custom fonts etc. 

All this and more, not refurbished but BRAND NEW At Only £525 + VAT 

+-carriage and ins. £18.00 +VAT 
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 +..rhn.nln.nv ,nH"'"" 
disk drives at a price you can now afford. Just imagine absolutely masses 
data transferred or saved on your system by the time your finger leaves the 
return key!! All drives offered are made to the highest professional 
ORE Co., perhaps the largest of UK OEM peripheral manufacturers. All co1np;one~nts 
are batch selected to obtain the utmost reliability and after having run two series 
and a 4000 drive continuously 24 hours a day for over a year without a single 
read/write error we can most certainly vouch for the quality. 
DIABLO/ORE series 30. Fully refurbished this 2.5 MB drive accepts 2315 
able (via removing top cover) disk cartridges. Sectoring is a feature of the 
and may range from 8-48. Fully DEC RK05, Nova, Texas, system co1np•atal~le . • 

Amazing value mixed semiconductors, include ~::\~~~~ ;rt;'l~~~ ~Atp1~eries 30 Front Loader £695 +VAT 

SEMICONDUCTOR 
'GRAB BAGS' 

=~:~~~t~ig!~ 1d!%'~ 1g~~~~~~~·b~~~~~~~~e~ g~;o400os~p~~,~;5~ov:~ 4044. Technology at its finest, this drive 
spec. with manufacturers mar!(ings, fully guaranteed . manufactured by ORE features.10 MB's of on line storage split into two disk 

50 + BAG £2.95 100 + BAGS r5 .15 1, 5MB fixed and 1 top load 5MB type 5440 exchangable cartridge. Features, 

l ........................ ~··•llllllllll drive motor, built in air conditiong system, write protect; mains powered, etc. 
Supplied Brand New and Boxed complete with Manual and Rack Slides. 
Manufacturers current price £3100, our price £1495 + VAT 

.!!lilll..,.,llllllll._ll!_ll,.~~~~·..,. ..... ..,.-... * For DEC compatability or alternate sectoring please enquire. Xylogics DEC LSI11 
controller for 4 S30 or 2 4000 drives £:850 + VAT Newton Labs S100 controller for 4 
530 or 2 4000 £625 + VAT Controller for TASSO, PET. APPLE, price to be announced. 
NEW 231512 sectordisk packs £40 + VAT 

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, SIIVitches •. 
etc . etc. surplus 1o our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at g iveaway 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 

2.5kls £ 4.75+ pp £1.25 5kls £ 6.75+pp £1.80 
10kls £11.75+pp £2.25 20kls £19.99+pp £4.75 

NEW 5440 any sector packs £48 + VAT 
ORDER NOW!! These prices may never be repeated. Specialist carriage S30£15.00 +VAT 41100 
£20 +VAT. 

Dept. W.W. 64-66 Melfort Rd., Thornton Heath. MAIL ORDER 
Croydon. Surrey. :rei: 01·689 7702or 01·6896800 INFORMATION 
Unless otherwise state'd all priceS inclusive of V.A.T. Cash with order. Minimum 
order value £2.00 . Prices and Postage quoted for UK only . Where post and 
packing not indicated please add 60p per order. Bona Fida account orders 
minimum £10.00 . Export and trade enquiries welcome . Orders despatched 
same day where possible . Access and Batclaycard VIsa welcome . 

WW - 069 FOR FURTHER DETAILS 

STEP INTO THE 80's 
WITH TOMORROWS WORLD 

TECHNOLOGY TODAY 
THETANTEL 

PRESTEL-VEVVDATA 
ADAPTOR 

At last this amazing piece of micro technology is 

available at a price you can afford. Just connect to 
the aerial socket of any colour or black and white 

domestic TV receiver and to your Post Office 

installed jack socket and you are into the exciting 
world of PRESTEL. Via simple push button use you 

are able to view a staggering 170,000 pages of up to 
the minute information on many services and 

utilities, order goods from companies, even play 
games!! All this and more without ever leaving your 

armchair! 

ONLV£170 

from the U.S.A. made by the world tamous R.C.A. Co., the 
Series of cased freestanding keyboards meet all require

ments of the most exacting user, right down to the price! 
Utilising the latest in switch technology. Guarar.teed in excess 
5 million operations. The keyboard has a host of other 
including full ASCII 128 character set, user definable 
upper/lower case, rollover protection, single 5V rail, 
impervious to liquids and dust, TTL or CMOS outputs, even an 
on-board tone generator for keypress feedback, and a 1 year full 
R.C.A. backed guarantee. 
VP&01 7 bit fully coded output with delayed 
strobe, etc. 
VP611 Same as VP601 with numeric pad. 
VP&O& Serial, RS232, 20MA and TTL output, with , 
6 selectable Baud Rates. 
VP616 Same as VP606, with numeric pad, 
'Plug -and cable for V-P601, VP611 g.~5 
Plug fo·r VP600, VP616 £2.10 

the recent " SELL 
3 amp P.S.U. we have managed to secure a Ia 
tity of ex-computer systems P. S.U.'s with thetollow1ngJ. 
spec.; 240 or 110v A .C. input . Outputs of 5v @ 
amps, 7 .2v @ 3 amps and 6 .5v@ 1 amp. The 5v 
7 .2v outputs are fully regulated and adjustable 
variable current limiting on the 5v supply. Un it is 
contained on a P.C.B . measuring only 12" x 5" x 
The 7 .2v output is ideal for feeding "on board" 
lators or a further 3 amp LM323K regulator to give a 
effective 5v@ 7 amp supply . 
Supplied complete with circuit at only £10 .9!i + £1. 75pp 
Believed working but untested, unguaranteed . 

www.americanradiohistory.com

www.americanradiohistory.com
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ANGLI~ COMPONENTS 
ELECTRONIC COMPONENTS 

FROM STOCK 

-------

-FROM 
V Ul{VV 1 STOCK 

BURDETT ROAD, WISBECH, 
CAMBS., PE 13 2 PS 

TEL: 0945 63281 
TELEX 32630 

Anglia is a franchised distributor with a wide product 
range. Our catalogue is available to all professional users 

~ ....... •nDUUDDIIIUIIIlllllUIIUlffillllliiU:QJ . . . 
l_·::f"'TiiEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply. Speed 50 bauds per "illl min Slhand good cond. (no parts broken), £28.75. OR G.P.O. MODEL, as above e_xcept 
: ~ mot~r, ll0/l30v. a.c., £34.50. Carriage either type £9.50. Send .S.A.E. for hst of 

Teleprinter spares available . · d :' TS.147 RADAR :rEST SET Combina.tio. n Sig. generator and frequency meter an 

1
. : power meter. Provtdes C.W. and F.M. Signals, l!Sv. a.c., £225. Carr. £7. · , HEWLETT PACKARD Signal Generator HP608B. Freq. l0-400MHz C.W. and A.M. 

• Output 1 microvolt to 8v,50. Mod. 400-lOOOHz. 230v. a.c., £225. Car~. £10. . • TRANSISTORISED 3cm. RADAR AMPLIFIER SWITCH: with 24v. wavegmde 

I switch, 9 x 4cm ins. with crystal CV .2355 and spark gap VX !04!\, £17 .~5 'i: £1 post .. INSULATION TEST SET 0 ro IOKV, negative earth, with lomsat10n Amplifier, 
100/230 volts a.c., £48.87 +carr. . . . . . = BC-221 FREQUENCY METER: 125-20,000kc/s, complete with ongmal cahbrauon = 9 charts,£24.15 +carr. ' - ~ ROTARY INVERTER TYPE: PE218E: Input 24-28v DC, 80 amps, 4,800r.p.m. Output. 

~ llv AC, 13 amp400c/s. 1Ph.P.F.9. £23+carr. 
• RE"SONATOR PERFORMANCE CTC 424 8.5 to 9.0 krnc/s 3 em, £80.50 +post £2. 
• INVERTER 24v. DC input 400 cycles I pH 6600 r.p.m. 200v, peak, £8.05 + £2 post. 8 OXYGEN BOTTLE 1800lb, w.p. £11.50 x carr. . • NOISE SOURCE UNIT with CV.l881 noise source mount. \roduces thermal potse 

= 
lS.SdB 200/250v. AC. £80.50. · 

17
d · . SIEMENS POWER METER REL3U/84/Alb: 0-12kmHz lmw SOOmw 6 ranges. 0. b = SO ohms;£92 +carr. . · b =: CV.1596 CATHODE RAY TUBE: (09D, 09G), 4m. screen, green electrostatic ase 

• B 12B HT1200 volts, heater 4 volts, £U.50. . . · • VACUUM AND PRESSURE DEAL TEST EQUIPMENT: complete wnh 2 x 4m. C: gauges indicating 0.201b. p.s.i. 0.30lb. vacuum. With stand, hand pump, etc., £34.50 +carr. E TX·RX RADAR UNIT, 3cm, complete with magnetron, pulse transformers, crystals, , 
waveguides, blower unit, etc. £126.50 +carr. C: MARCONI RF POWER METER, 1020A/l dualrange SO or lOOW £69 +carr. :C HEWLETT PACKARD POWER METER Type 431C, £75.50 +carr. 

• TWENTY MILLION MEGOMETER,£95 +carr. . = GAUSSMETERTypeG1,3ranges,5,000/l0,000/25,000.£85+carr._ , . . · • SPERRY TRANSISTORISED SERVO-AMPLIFIERS TYPE Cl with ctrcu!t diagram, -

I 
£11.50 + £1.50 post. ,. X-Y PLOTTER, £74.75 + £7 carriage . 
C.C.T.V. EHT UNIT, SOKv. £75 + £10 carr. . · . C.C.T.V. CABLE, 22-Way, 500 metres, £650 +carnage. • 

BARGAIN MAPS 
. Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

. including: • 
: ·oNC-li1- UK iri full and part NW. Europe. Scale 1:1,000,000. ~ 
• JNC-9N- N. Europe, U.K., Scandmavia. Scale 1:2,000.000. = : JN-21N- Europe (Mediterranean). Scale 1:2,000,000, . = • SIZE 58" x 42". colour. Many others. Please send SA.E. for list. 
; Price each 75p (inc. P&P) e 
i 

25 x Maps (either same type OR assorted). £10 + ,£1.60 P&P. .,. : 10 x Maps (either same type OR assorted). £6.50 (m. P&P), = 
= All prices include VAT at 15% = ·= ·carriage quotes giVen are for 511-mlle radius of Herts. _ = e : e I The Maltings, Station Road • · W M J L L S · SAWBRIDGEWORTH, Herts. C: : • Tel: Bishop's Stortford (0279) 72587:.:. = . . ' -, auffitWUIUilllWIIUUUIIIIIU lllllllllllllliiiiiDillb:. 

WIRELESS WORLD AUGUST 1981 

CLEF ELECTRONIC MUSIC 
SPECIALISTS SINCE 19n 
DOMESTIC & STAGE TYPES 
Kn:s OR MANUFACTURED 

WW - 043 FOR FUR THE~ J?E!_AILS ... 

LOW VOLTAGE 
POWER DRILLS 

AND ACCESSORIES 
Illustration shows Than Dri~ and Stand 
(Price £27 inc . VAT and Postage) which 
is One of the combinations which can be 
purchased from pur comprehensive range 
of Drills and Acces~6ries. 
Prices from £8.34 (Reliant Drill only) inc. 

· vAT and Postage. 

Send 25p for Catalogue. 

A. D. BAYLISS & SON LTD. 
.... PFERA WORKS, RED MARLEY-
~ GLOUCESTER GL19 3JU 
'sarclaycard. Acces~ Wel~o~~ _ . 
Tel. Bromesberrow (053 181) 273_ 
Stockists: Richards Efectric, Gloucester o & D Models, Hereford 

Hoopers of Ledbury 
Hobbs .of ledbury 

P.&R. COMPUTER SHOP 
EPSON MX-80 80.GPs DOT MATRIX PRINTER WITH 
SPECIAL INTERFACES. 3982 IBM 1/0 PRINTERS. 
VDUs ASCII KEYBOARDS, ASR, KSR, TELETYPES, 
PAPER TAPE READERS, PAPER TAPE PUNCHES, 
SCOPES, TYPEWRITERS; FANS 4" 5" 6". POWER 
SUPPLIES, STORE CORES, TEST EQUIPMENT AND 
MISCELLANEOUS COMPUTER EQUIPMENT. OPEN: 
MQNDAY TO FRIDAY 9am-5pm SATURDAY TILL 
1pm. 

COMEANDLOOKAROUND 
SALCOTT MILL, GOLDHANGER ROAD 

HEYBRIDGE, ESSEX 
PHONE MALDON (0621) 57440 

ONLV£18.95 
+ VAT£2.85 + P&P £1.65 

+VAT £5.70 per New improved battery operated Telephone 
No 

NO WIRES. Made to high Amplifier with detached plug-in sp~aker. 
Placing the receiver on to the cradle activates Safety and Telecommunications Standard. The on/off switch lor immediate two·way conver-modern way of instant 2-way communications. sation without holding the handset. Many 

Just plug into power socket. Ready for use. people can listen at a time. Increases effi-Crystal clear communications from room to ciency in office, shop, workshop. Perfect for 
room. Range 1!4 mile on the same mains phase conference calls, leaves the user's hands free with call buzzer and light indicator. On-off to make notes, consult files. No "holding on", switch. Volume control. Useful as inter-office save money and long-distance _calls. Volu!"e 
intercom between office and warehouse, in control. Model with conversatiOn recordmg 
surgery and in homes, between house and facilities. Price £20.95 + VAT £3.15, post and garage. Also useful as burglar alarm. 6 months' packing for either model £1.65. 

!'hZ~~=I g~:d~jt£~5.:~ £~:~· ~~= ~Mp,.Zp B~~c~:J~~r~t~~~e1~~~s~~~~;~~ee 
£2.l5 perpair. WEST LONDON DIRECT SUPPLiES (WW) 

STREET LONDON WB 6SN. 

WIRELESS WORLD AUGUST 1981 

I BF257 0.31 OAZ201 1.73 BD!32 0.55 BF258 0.31 GEX66 1.73 OAZ206 1.73 3.45 0.12 ASZ!S 1.38 BC172 0.13 BD1 35 0.46 BF259 0.32 GEX541 5.75 OAZ207 1.73 OC20S 3.16 AAY30 0.20 ASZ16 1.27 BC173 0.13 BD136 0.46 BF336 0.39 GJ3M 1.73 OC16 2.88 OC206 3.16 AAY32 0.48 ASZ17 1.15 BCI77 0.32 BDI37 0.46 BF337 0.38 GM0378A 2.02 OC20 2.88 OC207 2.88 AAZ13 0.17 ASZ20 2.64 BC178 0.16 BD! 38 0.55 BF338 0.41 KSlOOA 0.5.2 OC22 2.88 OCP71 2.30 AAZIS 0.17 ASZ21 2.88 BCI79 0.32 BD139 0.55 BFS21 4.60 MJE340 0.69 OC23 4.60 ORPI2 1.15 AAZI7 0.17 AU!13 2.88 BCI82 0.35 BDI40 0.58 BFS28 2.58 MJE370 0.84 OC24 3.45 R2008B 2.30 AC107 0.63 AUYIO 3.45 BCI83 0.13 BDI44 2.30 BFS61 0.23 MJE371 0.82 OC25 1.15 R2009 2.59 ACI25 0.29 AUIIO 2.88 BC184 0.13 BDI81 1.38 BFS98 0.23 MJE520 0.54 OC26 1.73 R2010B 2.30 ACI26 0.29 BAI45 0.15 BC212 0.13 BDI82 1.36 BFWIO 1.12 MJE521 0.84 OC28 2.30 TIC44 0.31 ACI27 0.29 BA148 0.17 BClB 0.13 BDI37 0.62 BFWII l.lO MJE2955 1.50 OC29 2.30 TIC226D 1.38 ACI28 0.35 BA154 0.12 BC214 0.13 BD238 0.62 BFX84 0.35 MJE30S5 1.27 OC35 1.73 TIL209 0.18 AC141 0.32 BA155 0.13 BC237 0.13 BDXIO 1.05 BFX85 0.35 MPF102 0.40 OC36 1.73 TIP29A 0.49 AC141K 0.40 BA156 0.12 BC238 0.13 BDX32 2.30 BFX87 0.35 MPF103 0.40 OC41 1.04 TIP30A 0.52 AC142 0.32 BAW62 0.06 · BC301 0.38 BDY20 1.73 BFX88 0.35 MPF104 0.40 OC42 1.04 TIP31A 0.38 AC!42K 0.40 BAXI3 0.07 BC303 0.39 BDY60 3.16 BFYSO 0.29 MPF105 0,40 OC43 1.73 TIP32A 0.41 AC176 0.35 BAX16 0.07 BC307 0.13 BFl!S 0.40 BFYSI 0.29 MPSA06 0.30 OC44 0.98 TIP33A 0.62 ACI87 0.32 BC107 0.18 BC30S 0. 13 BF152 0.18 BFY52 0.29 MPSA56 0.32 OC4S 0.75 TIP34A 0.77 ACI88 0.32 BC108 0.18 BC327 0.14 BF153 0.18 BFY64 0.35 MPSUOI 0.61 OC71 0.63 TIP41A 0.51 ACYI7 1.50 BCI09 0.18 BC328 0.14 BF154 0.20 BFY90 1.09 MPSU06 0.75 OC72 1.15 TIP42A 0.48 ACY 18 1.32 BCI13 0.17 BC337 0.14 BF159 0.20 BSX19 0.31 MPSUS6 0.79 OC73 1.15 TIP29S5 0.81 ACYI9 1.27 BCII4 0.17 BC338 0.14 BF160 0.20 BSX20 0.31 NES55 0.52 OC74 0.81 T!P30S 5 0.64 ACY20 1.27 BCl!S 0.21 BCY30 1.44 BFI67 0.28 BSX21 0.33 NKT401 4.03 OC75 0.75 T!S43 0.49 ACYll 1.32 BC116 0.22 BCY3I 1.73 BFI73 0.35 BTI06 1.38 NKT403 2.88 OC76 1.15 ZSI40 0.29 ACY39 2.88 BC117 0.26 BCY32 1.73 BF177 0.40 BTY79/400R NKT404 2.53 OC77 1.15 ZS170 0.24 ADI49 0.86 BC!I8 0.21 BCY33 1.27 BFI78 0.40 2.30 OAS 1.38 OC~I 0.75 ZSI78 0.62 ADl61 0.40 BC125 0.21 BCY34 1.15 BF179 0.40 BU20S 1.50 OA7 0.69 OC81Z 1.38 ZS271 0.26 ADI62 0.40 BC126 0.21 BCY39 3.91 BF180 0.32 BU206 1.73 OAlO 0.63 OC82 1.04 ZS278 0.65 AF106 0.40 BCI35 0.17 BCY40 3.22 BFISI 0.32 BU208 2.30 OA47 0.14 OC83 0.92 ZTXI07 0.14 AFII4 0.86 BC136 0.22 BCY42 0.35 BF182 0.35 BYlOO 0.46 OA70 0.29 OC84 0.92 ZTXI08 0.14 AFIIS 0.86 BC137 0.22 BCY43 0.35 BF183 0.32 BY126 0.15 OA79 0.14 OCI22 3.16 ZTX!09 0.14 AFI16 0.86 BCI47 0.14 BCY58 0.22 BF184 0.32 BYI27 0.16 OASI 0.20 OC123 2.30 ZTX300 0.15 AFII7 0.86 BC148 0.14 BCY70 0.20 BF185 0.35 BZX61 0.20 OA85 0.20 OC139 3.45 ZTX301 0.16 AF139 0.38 BCI49 0.15 BCY71 0.21 BFI94 0.16 Series OA90 0.09 OC140 4.60 ZTX302 0.21 AF186 1.15 BCI57 0.15 BCY72 0.20 BFI95 0.14 BZY88 0.12 OA91 0.09 OC141 4.93 ZTX303 0.21 AF239 0.45 BC158 0.15 BCZll 2.01 BF!% 0.15 Series OA95 0.09 OCI70 1.44 ZTX~04 o:23 AFZI1 4.60 BCI59 0.15 BDl1S 0.48 BFI97 0.16 CRSl/40 OA200 0.17 OC171 1.44 ZTX311 0.15 AFZI2 4.60 BCI67 0.13 BD!21 1.96 BF200 0.46 CRS3/06 OA202 0.17 OC200 1.73 ZTX3! 4 0.29 ASY26 1.61 BC170 0.13 BD123 3.22 BF224 0.29 CRS3/40 OA211 1.73 OC201 2.88 ZTXSOO 0.16 ASY27 1.04 BC171 0.12 BDI24 BF244 0.32 1.73 ZTXSOI 0.16 
E130L 19.39 . GXU! PC97 4B32 E180CC 8.86 EF89 1.84 GXU2 28.43 PC900 1.38 333.91 4C3S AI fil:J5 E180F 7.83 EF91 2.07 GXU3 30.49 PCC84 1.15 QZ06-20 30.48 4CX2SOB }1.63 A2087 13.58 E182CC 9.90 EF92 6.68 GXU4 32.77 PCC85 1.38 RlO 5.75 UY41 1.44 4CX350A 48.88 A2134 20.13 E!86F 12.58 EF93 1.15 GXUSO 17.25 PCC88 1.38 R17 1.89 UY8S 1.20 4X!SOA 24.41 A2293 8.62 El88CC 9.40 EF94 1.24 GYSOI 3.16 PCC89 1.56 Rl8. 4.89 VLS631 15.24 4XISOD 28.75 A2426 17.63 E280F 25.88 EF95 6.27 GZ32 1.44 PCC189 1.61 R19 1.38 XG 1-2500 42 .04 5B254M 23 .12 A2S21 24.38 E283CC 9.02 EF98 1.44 GZ33 4.60 PCC805 1.51 RiO 1.66 XGZ-6400 SB255M 23.12 A2900 14.43 E288CC 18.54 EF183 0.92 GZ34 2.88 PCC806 2.07 RG3-250 35.77 113.50 SC22 74.75 A3343 25 .56 EAS2 23.69 EF184 0.96 GZ37 4.60 PCE82 2.07 RG3-250A 37.49 XG 5-SOO 28.52 SJI80E 1380.00 AZ31 1.26 EA76 2.30 EF804S 12 .65 KT61 4.02 PCF80 1.15 RG3-1250 36.23 XGZ-6400 SR4GY 2.30 AZ41 1.32 EABC80 1.38 EF80SS 12.65 KT66 11.50 PCF82 1.15 RG4- 1250 43.93 106.15 SU4G 3.86 BK448 110.27 EAC91 0.92 EH90 1.61 KT88 13.80 PCF86 1.84 RG4-3000 89.64 XR1- l600A 5U4GB 2.90 BK484 149.09 EAF42 1.44 EK90 1.24 KTW61 2.02 PCF87 1.84 RR3-250 53.54 38.53 5V4G 1.75 BS90 52.27 EAF801 2.02 EL32 1.73 KTW62 2.02 PCF200 3.74 RR3-1250 94.83 XR I-3200 93.15 SY3GT 0.98 BS810 35.24 EB41 2.30 EL33 4.02 KTW63 2.02 PCF201 2.45 SllEI2 40.25 XR I-3lOOA SZ3 1.73 BT5 58.13 EB91 1.01 EL34TH 2.53 M8079 12.29 PCF801 1.84 5130 3.45 93 .15 SZ4G 1.75 BTI7 106.89 EBC33 2.02 EL34MUI 3.16 M8080 9.49 PCF802 2.19 S130P 4.03 XRl-6400 SZ4GT 1.75 BT19 36.17 EBC41 1.44 EL36 1.84 M8081 11.30 PCF805 1.84 STV280-40 102.01 6-30L2 1.79 BT29 327.69 EBC81 1.26 EL41 1.44 M8082 9.87 PCF806 1.84 11 .50 XRI-6400A 6AB4 1.44 BT69 333.50 EBC90 0.97 E~42 2.02 M8083 8.54 PCF808 1.84 STV280-80 164.23 6AB7 1.73 BT7S 102.46 EBF80 0.58 EL81 2.88 M8091 11 99 PCL8l 1.15 24.15 YD1120 264.50 6AC7 1.61 BT9S 127.02 EBF83 1.44 EL83 4.03 M8096 4.31 PCL83 2.30 SU41 2.88 YD1240 366.62 6AF4A 1.84 CBUI 2.30 EBF89 0.97 EL84 1.15 M8097 4.09 PCL84 1.15 SU42 10.35 Z7S9 19.32 6AG7 2.30 CL33 2.30 EBUI 2.88 EL86 2.88 M8098 5.50 PCL85 1.24 TD03- IO 32.78 ZMIOOO 6.03 6AH6 5.52 CY31 1.15 EC90 1.28 EL90 1.10 M8099 5.98 PCL86 1.24 TD03-1 OE 32.78 ZMIOOI 6.19 6AK5 4.15 CIK 21.30 EC91 8.69 EL91 8.21 M8100 9.49 PCL80S/85 1.24 TD03-29F 33.93 ZM1020 10.83 6AK6 2.81 C3A 11.50 EC92 . ' 1.44 EL95 1.51 M8136 9.75 PDSOO 4.14 TI!S 34.50 ZMI021 10.17 6ALS 1.01 C3JA 23 .23 ECIS7 310.50 ELl 56 27 .60 M8!37 9.73 PE06-40N 31.40 TI21 14.16 ZM1022 10.60 6AM4 2.65 DA41 21.50 ECC33 4.02 EL360 9.77 M8!40 5.17 PFL200 2.07 TT2Z 18.98 ZMI023 8.81 6AM5 8.21 DA42 12.30 ECC3S 4.02 ELS00/504 2.16 M8141 5.52 PL36 1.38 TIIOO 59.51 ZMI040 22 .26 6AM6 2.07 DAIOO 112.62 ECC40 2.30 EL509 3.63 M8142 7.77 PL8 1 1.38 TY2-1 25 69.01 ZM1041 19.16 6ANS 4.45 DAF91 0.46 ECC81 1.01 EL821 11.46 M8144 4.31 PLSIA 1.38 TW4-400 74.07 ZM1042 20.44 6AN8A 3.97 DAF% 1.15 ECC82 0.82 EL822 12.55 M8149 5.86 PL82 1.38 TY 4-500 101.44 ZM!OSI 100.05 6AQS LJO DET22 32.78 ECC83 1.01 EM34 5.75 M8!61 9.11 PL83 2.55 TYS-500 178.25 IB3GT 2.58 6AS6 5.73 DET24 52.90 ECC84 1.36 EM80 1.26 M8!62 10.36 PL84 1.24 TY6-800 181.70 IB24 11.50 6AS7G 9.49 DF91 0.46 ECC8S 1.38 EM81 1.15 M8163 5.17 PLS04/5 1.61 TY6-5000A 1B35A 28.75 6AT6 0.98 DF96 1.15 ECC86 2.30 EM84 1.15 M8190 5.29 PL508 2.07 337.51 1B63 57.50 6AU5GT 4.97 DK91 1.21 ECC88 2.07 EM8S 1.~ M8195 4.25 PL509 3.73 TY6-SOOOB IRS 1.21 6AU6 1.24 DK92 1.44 ECC89 1.88 EM87 1.73 M8196 7.47 PLS19 3.73 264.50 ISS 0.46 6AVSGA 4.52 DK96 1.26 ECC91 10.27 EN32 16.28 M8204 6.57 PL801 1.27 TY6-SOOOW 1T4 0.46 6AV6 0.98 DL92 1.26 ECC!89 1.90 EN9! 2.94 M8212 12.47 PL802 3.40 290.98 2ASIS 11.50 6AXSGT 3.57 DL94 1.38 ECC807 2.02 EN92 6.18 M8223 3.80 PY33 1.27 TY7-6000A 2C39A 21.85 6B7 1.73 DL% 1.26 ECC808 2.59 EYS1 2.02 M8224 4.66 PYS I 0.97 357.49 2C43 20.70 6B8 2.02 DLSIO 9.48 ECF80 1.24 EY81 1.89 M8225 2.99 PY82 0.92 TY7-6000W l DZI 2.94 6BA6 ·us DLS!S 12.37 ECF8l 1.38 EY83 2.02 M8248 13.32 PY83 0.81 286.33 2E26 15.34 6BA7 5.89 DLSI6 12.37 ECF86 1.73 EY84 10.57 MUI4 1.73 PY88 1.01 TZ40 17.25 2J42 89.70 6BA8A 4.31 DLSI9 12.37 ECH3S 2.30 EY86 0.96 MX1!9 58.65 PYSOOA 2.07 U18-l0 2.88 2JSS 239.97 6BC4 4.27 DM70 1.44 ECH42 1.32 EY88 2.02 MXI23 67.85 PY800 0.97 Ul9 15 .81 2J70A 270.25 6BE6 1.24 DM71 1.44 ECH81 1.38 EYSOOA 2.23 ·MX145 58.65 P¥801 0.97 U2S 1.33 2J70B 418.34 6BH6 1.75 DM160 3.96 ECH83 1.44 EY802 94 MXISI 17.25 QQV02-6 14.44 U26 1.66 2K25 40.25 6BJ6 1.24 DY87 0.74 ECH84 1.47 EZ35 97 MXI52 135.70 QQV03-20A U37 10.35 3-400Z 57.50 6BK4 . 4.84 DY802 0.96 ECL80 1.15 EZ40 1.44 MX161 166.75 20.13 UABC80 1.44 3-SOOZ 63 .25 6BL6 97.75 E5SL 25.17 ECL81 1.73 EZ41 1.44 MX163 23.11 QQV06-40A UAF42 1.44 3AS 2.70 6BL7GT 4.44 E80CC 10.13 ECL82 1.15 EZ80 0.96 MX164 25.88 47.15 UB41 1.44 3B24 9.20 6BM6 97 .75 E80CF 12 .96 ECL83 1.73 EZ81 0.96 MXI66 142.60 QQV07-SO 60.66 UBC41 1.73 3B28 8.63 6BN6 1.89 E80F 14.19 ECL84 1.61 EZ90 1.38 MX168 48.30 QQZ03-20A UBF89 1.38 3B29 11.50 6BQ7A 4.28 E80L 13.98 ECL85 1.28 FW4-500 2.88 N78 1035 59.80 UCCM4 1.26 3B240M 17.25 6BR7 4.60 ES!CC 6.62 ECL86 1.38 FW4-800 2.88 OA2 2.36 QQZ06-40A UCC85 1.38 3B241M 17.25 6BR8 2.02 E81L 14.06 EF37A 4.02 Gl.37!K 41.40 OA3 5.69 55.10 UCF8P. 1.32 3C23 18.73 6BS7 4.60 E82CC 7.03 EF39 3.16 GSSIK 12.65 "OA4 4.02 14.38 UCH42 1.38 3C45 28.18 6BW6 4.60 E83CC 7.16 EF40 3.45 GI80 .2M 18.42 OB2 1.44 5.13 UCH81 2.67 3CX!OOAS 6BW7 1.75 E86C ' 12.48 EF41 2.30 G240.2D 12.85 OB3 2.20 2.88 UCL82 1.20 23.00 6BX7GT 5.70 E88C 7.12 EF42 2.30 G400 .1K 19.28 OC2 3.o4 UCL83 1.66 29.67 6BZ6 2.73 E88CC' 3.86 EFSO 1.73 GN4 8.62 OC3 2.20 UF41 1.15 1.26 6C4 1.01 E90CC 9.90 EFS4 S.75 GN4A 8.62 003 2.20 UF42 1.44 1.38 CB6A 2.86 E90F 10.38 EF55 2.88 GSI6 10.35 OZ4 1.84 UFSO 1.66 29.15 6CD6GA 5.83 E91H 5.34 EF80 0.92 GT!C 14.38 PC86 1.61 UF85 L66 41.99 6CG7 2.62 E92CC 9.40 EF83 4.03 GUS O 14.31 PC88 1.61 UF89 1.66 41.99 6CH6 9.78 E99F 10.16 0.92 !.49 

749S 0.84 
7496 0.94 

7400 0.18 7423 0.38 7460 0.21 7497 3.62 BASES CRTs 7401 0.20 742S 0.35 7470 0.44 74100 1.77 
7402 0.20 7427 0.35 7472 0.38 74107 0.52 

B7G unskirted 0.25 ZAP I 9.78 SADPl 40.25 VCRJ38A 14.38 7403 0.20 7428 0.50 7473 0.44 74 109 0.84 
B7G skirted 0.35 2BPI 10.35 SBPI ll .50 VCR139A 9.20 7404 0.21 7430 0.20 7474 0.44 74110 0.59 
B9A unskined 0.25 3BP1 11.50 SCP1 11 .50 VCR517A 11.50 740S 0.21 7432 0.35 7475 0.62 7411 1 0.82 B9A skirted 0.35 3D PI 5.75 SCPIA 46.00 VCR5 !7B 11.50 7406 0.49 7433 0.46 7476 0.48 74116 2.13 lntOctal 0.40 3EGI 8.05 SFP ISII 17.25 VCR51 7C 11 .50 7407 0.49 7437 0.37 7480 0.64 74118 1.15 Loctal 0.63 3FP7 6.911 5UP7 28.75 7408 0.23 7438 0.37 7482 0.86 74 119 1.77 N uvistor base 0.86 3GPI 6.90 DG7-5 72 .82 7409 0.23 7440 0.37 7483 1.15 74120 0.95 Spin D1L 0.17 3]1'1 9.20 DG7-3 1 66.78 7410 0.20 7441 1.04 7484 1.21 74121 0.49 14 pin DIL 0.17 3JP2 9.20 DG7-32 66.78 Tube Bases 7412 0.33 7442 0.83 7486 0.45 74 122 0.71 16 pin DIL 0.20 3JP7 11.50 DH3-91 67.65 Prices on 7413 0.37 7447AN 1.35 7490 0.69 74123 1.36 Valve screenmg 3KP1 17.25 DH7-ll 130.09 application 7416 0.37 7450 0.21 7491 G.94 74125 0.67 cans all sizes 0.35 3RP I 40 .25 VCR97 13.80 741 7 0.37 7451 0.21 7492 0.69 74126 0.67 3WPI 23.00 VCR138 11.So 7420 0.21 745 3 0.21 7493 0.69 74128 0.72 

7422 0.23 7454 7494 0.94 74132 0.83 
Terms of business : tWO. Postage and packing valves and semiconductors 40p per order. CATs £1 . All prices include VAT. Price ruling at time of despatch. 
In some cas~~ prices '?f Mullard and USA valves ~ill h!gher.t~an those advertised. Prices c:orrect when ~oing to press. Accountfllc111t1e!l available to approved compames With mtnunum o rder charge £ 10. Carnage and packmg £1 tm credit orders. Over 10,000 types of valves, tubes and semiconductors in stock. O.uotations for any types not listed. S.A.E. 
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1. 
ZTX503 0.22 2Nl613 0.37 2N3772 1. 
ZTX504 0.24 2Nl671 1.73 2N3773 2.07 
ZTX531 0-28 2Nl893 0.37 lN3819 0.35 
ZTXSSO 0.29 2N2147 4.60 lN3820 0.45 
!N914 0.06 2N2148 4.31 lN3823 0.69 
IN916 0.10 2N2218 0.37 2N3866 1.15 
IN4001 0.07 2N2219 0.37 2N3904 0.20 
IN4002 O.o? 2N2220 0.23 lN390S 0.20 
1N4U03 O.o? 2N2221 0.23 2N3906 0.20 
IN4004 0.08 2N22ll 0.23 2N40S8 0.23 
IN400S 0.10 ZN2223 0.64 2N40S9 0.23 
IN4006 0.13 2N2368 0.29 lN4060 0.18 
IN4007 0.14 2N2369A 0.29 lN4061 0.18 
!N4009 0.08 2N2484 0.29 2N4062 0.18 
IN4148 0.05 ' 2N2646 0.58 lN4124 0.18 
IN5400 0.15 2N2904 0.37 2N4126 0.18 
IN5401 0.15 2N2905 0.37 lN4286 0.17 
1S44 0.05 ZNZ906 0.24 2N4288 0.21 
IS920 0.09 2N2907 0.24 2N4289 0.21 
!S921 0.10 2N2924 0.30 2NS457 0.37 
2G301 1.15 2N29lS 0.25 2N5458 0.37 
2G302 1.15 2N2926 0.17 2N54S9 0.37 
2G306 1.15 2N30S3 0.30 2S017 11.50 
2N404 1.50 2N3054 0.63 250 19 13 ,80 
2N696 0.37 2N305S 0.75 2S026 28.75 
2N697 0.37 2N3440 0.81 lSI03 1.73 
2N698 0.37 2N3441 0.98 lS302 2.30 
2N705 1.44 2N344l 1.44 25303 1.73 
2N706 0.29 2N3614 2.53 25322 4.03 
2N708 0.29 2N3702 0.13 2S324 4.03 
2N930 0.29 2N370J 0.13 2S701 2.30 
2Nll31 0.35 lN3704 0.13 lS745A 1.09 
lN1132 0.35 2N3705 0.13 2S746A 1.09 
2N1302 1.38 2N3706 0.13 
2NI303 0.92 lN3707 0.13 
2NI304 1.38 2N3708 0.12 
2Nl305 1.15 2N3709 0.13 
2N1306 1.73 2N3710 0.12 
2NI307 1.27 lN371 1 0.12 
2N1308 2.01 

2.79 S670 5.18 
602 1.01 llBH7 1.29 S675 19.91 . 
6DK6 3.00 12BY7 3.11 S687 6.31 6DQ6B 4.69 !lEI 19.67 S696 4.35 6EA8 3.38 llEllTI 19.26 S718 7.87 6EB8 2.44 llE14 34.50 S725 5.62 
6EW6 1.73 13El 123.05 S726 3.62 6F6 2.02 19H4 28.75 S727 5.42 
6F23 1.84 19HS 40.25 S749 5.14 6F28 1.33 24B9 55.20 S7SI 4.80 
6F33 29.90 3UC1S !.S4 . S763 4.66 6H1 14.38 30CI7 1.84 S814A 4.28 
6H2N 1.21 30Cl8 1.84 S840 5.06 
6H3N 1.21 30FS 1.93 S842 13.911 6H6 1.73 30FL1 2 1.28 S876A 19.55 
6]4 6.10 30FL12 2.07 SM79 5.38 
6J6 6.21 30FL14 1.84 5886 12.08 6]7 8.07 30Ll 1.15 5963 3.38 6K4N 1.44 30Ll5 2.07 5965 4.00 6K6GT !.50 30LI7 2.07 600S 5.62 6K7 1.73 30P4 1.06 602 1 5.13 6K8 2.02 30P19 1.38 60S7 4.02 6KD6 7.31 30PL1 2.88 6058 12.47 6L6G 2.88 30PL14 1.93 6059 4.60 6L6GA 1.73 30PL15 2.07 6061 4.89 6L6GT 2.24 35W4 0.69 6062 4.31 6L6GC 2.88 sacs 0.81 6063 4.20 6L7 2.30 75BI 5.38 6064 8.54 6N2P 1.21 75Cl 2.70 6067 4.02 6N3P 1.21 85AI 8.63 6072 5.80 6N7 1.73 85A2 2.75 6080 7.88 6P2S 4.14 90AG 14.90 6097AxBxC 6Q7 2.53 90AV 14.90 46.00 6R7 2.07 90C1 2.81 6146A 10.30 6SA7 1.67 90CG 16.72 6146B 8.12 6SC7 1.73 90CV 17.50 6159B 17.27 6SF7 1.84 92AG 14.90 6189 10.03 6SH7 1.73 92AV 14.90, 6201 5.28 6SJ7 1.84 95AI 7.48 6442 17.25 6SK7 !.50 15082 3.47 6883B 12.77 6SK7GT 3.08 150B3 6.39 6973 4.38 6SN7GT 1.84 ISOC2 2.21 7025 2.73 6SQ7 !.50 150C4 2.75 7551 6.45 6SR7 1.73 211 21.85 7S86 11.66 6SS7 2.07 723AB 40.25 7S87 20.11 6USG 2.30 803 11.50 7609 36.57 6U8 0.92 805 23.00 7868 5.04 6U8A 3.38 807 4.31 7895 13.25 6V6GT 1.84 811A 18.32 800S 75.03 6X4 1.38 812A 18.26 8068 6.33 6XSGT 0.97 813 85.87 8122 60 .11 7B7 1.96 833A q8.80 8136 2.48 7C5 3.40 866A 15.23 8417 6.76 7C6 2.60 872A 21.47 18042 8.63 7H7 2.30 922 5.01 18045 !2 .06 7R7 1.73 931A 16.97 7S7 i . 59 1624 2.59 Tested 7Y4 1.84 162S 1.96 Ex-Equipment 724 2.13 2050 8.00 4CXl508 5.7~ !IE3 60.82 421 2E 304.75 12AT6 1.38 4212H 304.75 12AT7 1.01 SS44 62.10 llAU6 2.97 S545 67.85 12AU7 0.83 SSSIA 106.03 12AV6 2.55 SSS2A 143 .35 12AV7 4.00 SS 53A 259 .10 12AX7 1.01 5642 6.45 llAY7 4.69 5654 3.93 l l B4A 3.62 565 1 2.65 . 

74136 0.59 741 7S 1.17 TBA480Q i.IZ 
74141 1.02 741 76 1.33 TBASZOQ 2.65 
741 42 2.64 741 78 1.56 TBA530 2.28 
74143 2.99 74179 1.56 TBA540Q 2.65 
74 144 2.99 74180 1.38 TBASSOQ 3.?0 
74 14S 1.15 74190 2.19 TBAS60CQ 3.70 
74147 2.30 74191 2.19 TBA673 2.52 74148 2.02 74192 2.19 TBA700 1.75 74 150 2.07 74193 2.19 TBA720Q 2.65 7415 1 1.08 74194 1.44 TBA7SOQ 2.38 741 S4 2.07 7419S 1.38 TBA800 1.38 741SS 1.04 74196 1.55 TBA920 3.34 741S6 1.04 74197 !.55 TBA920Q 3.34 741 S7 0.86 74198 3.11 TBA990Q 3.34 741 59 2.53 74199 2.64 TCA270Q 3.34 74170 2.76 760l3N 2.02 TCA760A 1.59 74 172 5.06 TAAS70 2.65 
74173 1.63 TAA630S 4.02 
741 74 1.84 TAA700 4.50 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 

Open to callers Monday-Friday 9 a.m.-5 p.m. 
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50+ CASES FOR . 
SPECIALISTS 
referred by JENSEN 

JTK 17 
Avaitabte in 1 2 different case 
modifications. 
Specially suited for maintenance of 
electronic equipment, 
communications, radar, computers 
and office machines. 
57 top quality toots . VOM Test Meter 
optional. 
Deluxe attache case of hardwood 
construction , llama grain covering 
and solid brass fittings . 
Metric conversion kit available. 

. J.TK 16 
Designed for the professional electronic 
_ technician requiring a complete set of 

tools in a compact package 

50 professional tools. VOM Test meter 
optional. 

Also available with metric tools 
(JTK16mm) . 

See these cases together with more than 
20 other complete specialist tool kits and 
a complete range of over 30 empty cases 

in the Jensen catalogue available on 
request from: 

Special Products Distributors Limited 
81 Piccadilly, London W1V OHL 

Tel. 01-629 9556 Cables: Speciprod, London, W .1 

WW-009 FOR FURTHER DETAILS 

Featuring 

* DUAL or QUAD 8 inch 300K 
Byte floppy disc drives 

• 8080A processor 

* Dual serial interfaces 
externally switchable for Baud 
rate (110-9600B), parity and fill 
characters 

* 7K EPROM (2708) monitor 

* CPM , BASIC, WORDSTAR, 
letter writing software etc 
available. 

* Front panel status indicators 
and 4 digit programmable 
Hexadecimal display . 

* Prices from £495.00 for 
secondhand 8K system with 
dual floppy to £995.00 for 
NEW 56K system with quad 
floppy . 

LOGABAX LX 180L MATRIX PRINTER 

£525.00 
* BRAND NEW SURPLUS 

* 180C.P.S . 

* 7 Crystal controlled Baud rates 
to9600B . 

* V24/RS232 and parallel 
interfaces. 

* Z80 controlled with 
firmware in 
2708 EPF30Ms. 

• Upper/lowercase, italic 
and double width . 

WIRELESS WORLD AUGUST 1981 

~·-· ·• .. -' ... lu.. ppM. . -B o·x ;~~r:~~~;F~~~~~:a:~r:1~~ : tL:JI. __ l11 coaxially mounted pointers of 
the TWIN offer an unrivalled 
method.of monitoring stereo Left 
and Right, or Sum and Dif
ference controlled by a front 
panel switch . Meets IEC65-2, 
BS415 safety. Also single ver
sion and boards for building into 
equipment. _ 
PPM2 and PPM3 drive circuits· 
·Ernest Turner movements 
640, 642, 643 and TWIN with 
flush mounting adaptors and· 

·.illumination kits * Peak Devia
tion Meter * Programme and 
Deviation Chart Recorders * 
Stereo Disc Amplifier 2 and 3 * 
Moving Coil Preamplifier * 1 0 · 
Outlet Distribution Amplifier * 
Stabilizer * Fixed Shift Circuit 
Boarps. ____ _ . 

SURREY ELECTRONICS 
The Forge. Lucka Green f' 

Cranleigh . . . 
IJneY G1J6 7BG. Tel: 048~& ·5991 

STILL THE LOWEST PRICED 
QUALITY PERFORMANCE 

AUDIO SIGNAL GENERATOR 

Distortion 
lower 
than .002% 

AVAILABLE ANYWHERE 

1vRMS 
variable 

output 

1OHz-1 OOKHz Sine/square 

~ 
Based on Lin:7;;-H.ood design. Pri~es from:·1.50 (pp £2) 

TELERADIO ELECTRONICS, 325 Fore Street, London N9 OPE 
Tel : 01-807 3719. Closed Thursdays 

SAE for leaflets. Also RF Sig. Gen., Function Gen ., Frequency Meters 
THO Analyser, SWR Meters, MVMT 

IBM 1053CORRESPONDENCE PRINTER 
• Secondhand with 

refurbished mechanism 

• IBM 735 compatible, and 
can be wired to connector 
suitable for off-the-peg 
interfaces which are 
available 

• Wide range of 
correspondence heads 
available from IBM at low 
cost 

* 15 c .p .s . with Tab . and 
backspace facility . 

DATA DYNAMICS Model 
ASR 390 TELETYPE 
* ASC11 coded plain paper 

printer 

* 110 Baud V24 interface 

• Keyboard 

* Papertape reader/punch 
(papertape is still the only 
medium suitable for data/ 
program transfer between 
different systems) 

* Fully tested secondhand 
machine 

Please note: • VAT and carriage extra on all items. • Please contact us for terms of sale. • Other secondhand equipment currently in stock includes PDP11123 systems, PDP11/34A system, DEC system 310, peripherals by DRE. FACIT, PERTEC, TEKTONIX, HOUSTON, LEAR SIEGLER, CIFER, 
DATA GENERAL, ETC. . 

WIRELESS WORLD AUGUST 1981 

THE W.W. DISK OFFER 
RE-OPENS AT LAST 

We have 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 arid send to: 

W.W. DISK OFFER 
49 Milford Hill 

Batford 
Herts 

Please call 0582-429122 to check on availability 
before ordering 

Allovy 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 

Replacement tape heads from-Monolith ·could mean a big 
improvement in sound quality from your tape recorder. A foil 
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 Siereo playback £ 4.62 
824-02 Stereo rip £ 7.66 
824-07 Stereo rip for Dolby systems £ 9.05 
C42RPH20 Stereo rip sendust head . suitable for ct-.rome & 

metal tapes £10.67 
C42RPH04 Stereo rip glass ferrite . the ultimate long l ife. 

high performance head £13.34 
C42APS18 Stereo twin gap rip long life head for record 

monitoring £28.99 
C21ES18 Mono/Stereo erase head £ 2.13 
C44RPH03 Four channel/track rip £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 : 
46306 MONLTH G. 

TRANSFORMERS 
CONTINUOUS. RATINGS 

MAINS ISOLATORS. 12or24-VOLT 
Pri 0-1 20; 0-100-120V (120, 220, 240V) Sec 60 Separate 12Vwindings Pri 220-240Y 
55-0-55 60 twice to give 55, 60, 110, 115, 120, Ref. 12v Amps 24v £ P&P 
125, 175, 180,220,225,230,235, 240V. 111 0.5 0.25 2.42 .95 
Ref. VA (Watts) £ P&P 213 1.0 0.5 2.90 1.00 
07* 20 4.84 1.20 71 2.0 1.0 3.86 1.00 
149 60 7.37 1.20 18 4.0 2.0 4.46 1.20 
150 100 8.38 1.44 85 5.0 2.5 6.1 6 1.20 
151 200 12.28 1.72 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 1.60 
154 500 22.52 2.20 116 12.0 6.0 9.89 1.60 
155 750 32.03 OA 17 16.0 8.0 11.79 1.72 
156 1000 40.92 OA 115 20.0 1 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 3ooo 95.33 oA 30 VOLT RANGE (Split Sec 
t;i1 J~2f~-~:g~- sec only. State volts required. Pri 220-240V. Voltages available 3, 4, 5, 6, 8, 9," 

10, 12, 15. 18. 20, 24. 30V or 12V-0-12V and 
50 VOLT RANGE . 15v-o-16v 

Pri 220-240V. Voltages available 5, 7, 8, 10, 13, Amps 
15, 17, 20, 25, 30, 33,40 or 20V-0·20V and 25V- Ref. 30v 15v £ 

2.90 
3.93 
6.35 
7.39 
8.79 

0-25V 112 0.5 1 
Amps 79 1 2 

50v 25v £ P&P 3 2 4 
.5 . 1 3.75 1.20 20 3 6 
1 2 4.57 1. 20 21 4 8 
2 4 7.88 1.44 51 5 10 10.86 

12.29 
16.45 
18.98 
21.09 
24.18 

3 6 9.42 1.60 117 6 12 
4 8 12.82 1.72 88 8 16 
6 12 16.37 1.84 89 10 20 
8 16 22.29 2.20 90 12 24 

10 20 27.48 OA 91 15 30 
12 24 · 32.89 OA 92 20 40 32.40 OA 

60 VOLT RANGE 
Pri 220-240V (Split Sec) 

Voltages available 6, 8, 10, 12, 16, 
18, 20, 24, 30, 36, 40, 48, 60V, or 
24V-0-24V and 30V-0-30V 

Amps 
Ref. 60v 30v £ P&P 
124 .5 1 4.27 1.20 
126 1 2 6.50 1.20 
127 2 4 8.36 1.60 
125 3 6 12.10 1.72 
123 4 B 13.77 1.96 
40 5 10 17.42 1.84 

120 6 12 19.87 2.04 
121 8 16 27.92 OA 
122 10 20 32.51 OA 
1.89 12 24 37.47 OA 

MAINS ISOLATORS 
400/440 to 200/240 

VA Ref. £ P&P 
60 243 7.37 1.20 

250 246 4.61 2.04 
350 247 18.07 2.04 
500 248 22.52 OA 

1000 250 45.94 · OA 
2000 252 67.99 OA 
3000 253 95.32 OA 
6000 254 189Jl2 OA 

CASED AUTOS 
240V cable input USA 1 15V outlets 

SCREENED MINIATURES Pri 240V 
Ref. mA Sec Volts £ 
238 200 3-0-3 2.83 
212 1 A, 1 A 0-6, 0-6 3. 14 

13 1 00 9-0-9 2.35 
235 330,330 0-9, 0-9 2.19 
207 500, 500 0-8-9, 0-8-9 3.05 
208 1A, 1A 0-8-9,0-8-9 3.88 
236 200,200 0-15, 0-15 2.19 
239 50MA 12-0-12 2.88 
214 300, 300 0-20, 2-20 3.08 
221 . 700 (DC) 20-12-0-12-20 3.75 
206 1 A, 1 A 0-15-20, 0-15-20 5.09 
203 500,500 0-15-27,0-15-27 4.39 
204 1A, 1A 0-15-27, 0-15-27 6.64 

AUTO TRANSFORMERS 
Voltages available 105, 115, 190, 200, 210, 220, 
230, 240. For step up or step down. · 
Ref. VA (Watts) TAPS £ P&P 
113* 15 0-115-210-240Y 2.17 1.00 
64 - 80 0-115-210-240Y 4.41 1.20 
4 150 0-115-200-220-240V 5.89 1.20 

67 500 " 12.09 1.84 
84 1000 20.64 2.20 
93 1500 25.61 OA 
95 2000 38.31 OA 
73 3000 65.13 OA 

80s 4000 0- ;,0-115-200-220-240 84.55 OA 
57s 5000 98.45 OA 

V ~ :~~~; - P~~ 5~~ 1-::c-=o:-N:-:S=TA---N.:..:T-=V.::.O.:..:L..=T A_:.G::_:_:E ..=TR:!:A:...:N:.!S:..F:..:O_:R:.:M::.!E::._R::.S::.:.::±:_:_1_%_ 

1;6 £~~ :~~ 1 :~ 6!~ For 'clean' mains to computers, peripherals. 
200 £12.02 1.44 65W 250VA £95.00 + ~ - -250 £13.38 1.44 69W 500VA £127.00 p&p 1 Also I.C. 
500 £20.13 2.04 67W 1kVA £147.00 +. 

1 
sensingtypes 

1000 £30.67 2.20 B4W 2kYA £229.00 VAT . to6%forlow 
2000 £54.97 OA 95W voltage 

SPLIT BOBBIN TRANSFORMERS I problems 0-15 VCT (7.5-0·7.5V) 
Ref. Amp Price P&P 
171 500MA 2.30 .52 
172 1A 3.26 .90 
173 2A 3.95 .90 
174 3A 4.13 .99 
175 4A · 6.30 1.10 

Pri 0-115; x2. Sec voltages available: 3, 4, 5, 6, 8, 9, 10, 12, 
15, 18, 20. 24. 30V, or 12-0-12V or 15-0-15V. 1 Amp £2.06 + 
98p p&p + VAT. 2Amps£4.11 + £1 .20 p&p + VAT. 

End of Line offers - M679 120V-2; 36V 1 6A £3 pp 78p + 
VAT. BE7 0-110·120 220 240V Sec 20V 1 Amp £1.80. P&P 
32o + VAT · · ·· · 

WW- 027 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


96 
WIRELESS WORLD AUGUST 1981 

PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

Happy Memories 
Stripline r.f . power amp-Sept. 197 5- 1 d .s. 
Audio compressor I limiter-Dec. 19 7 5-1 s.s . (stereo) 
F.m . tuner(advanced) - April1976-1 s .s . 
Cassette recorder-May 1976-1 s.s. 
Audio compander-July 1976-1 s.s. 
Time code clock-August 1 g76-2 s.s. 3 d.s. 
Date, alarm , b.s.t . switch-June 1977 - 2 d.s. 1 s.s . 

. Audio preamplifier-November 1 976-2 s.s . 
Additional circuits-October 197 7-1 s:s. 
Stereo coder-April 1977-1 d.s. 2 s.s. 
Morse keyboard and memory-January 1977-2 d .s . 

(logic board 1 0'/4in . x 5in.) (keyboard and matrix 13in . x 1 Oin.) 
Low distortion disc amplifier (stereo)-September 1977-1 s.s. 
Low distortion audio osci llator- September 1 97 7-1 s .s. 
Synthesized f.m . transceiver-November 1977-2 d.s. 1 s.s. 
Morsemaker-June 1978-1 d .s. 

. Metal detector- July 1978-1 d .s. . . . .. _ . _ - .... . 

£5.00 
£4.25 
£5.00 
£5.00 
£4.25 

£15.00 
£9.50 
£8.50 
£4.00 
£8.50 

£14.00 
£2.00 
£3.50 

£12.00 
£4.50 
£3.75 

Part type 1 off 50-99 

4116 200ns 1.20 1.05 
4116 250ris 1.10 .95 
2114200ns 1.55 1.40 
2114450ns 1.50 1.35 
2708 450ns 2.90 . 2.50 
2716 450ns 5 volt 2.95 2.65 
2716450nsthree rail 7.40 7.00 
2732 450ns Intel type 6.40 5.60 
2532 450ns Texas type 6.40 5.60 

Low profile IC sockets: Pins 8141618 20 22 24 2840 
Pence 9 10 11 14 15 18 19 25 33 

100 up 

.95 

.85 
1.30 
1.25 
2.25 
2.40 
6.75 
5.00 
5.00 

Oscilloscope waveform store-October 19 78-4 d.s. 
Regulator for car al~ernator-Au9ust 1 9 78-1 s.s . 
Wideband noise reducer-November 1978-1 d .s. 
Versatile noise generator-January 1979-1 s.s. 
200M Hz frequency meter-January 1979~ 1 d.s . 

£18.00 
£2.00 
£5.00 
£5.00 

Soft sectored mini discs in plastic library case often discs: 
1 case : £19 10 cases: £17 25 cases: £15.50 

High performance preampl ifier-February 1979-1 s.s . 
Distortion meter and oscillator-July 1979-2 s.s. . . 
Moving coil preamplifier-August 1979-1 s.s. 
Multi-mode transceiver-October 1979 - 10 d .s. 

. £7.00 
£5.50 
£5.50 
£3.50 

£35.00 
£4.20 each 

- £7.50 
£18.50 
£10.50 

£8.00 

TRS-80 Memory upgrade kits (4K to 16K) £10.50 
Other kits available, please phone for details 

Please add 30p post and packing to orders under £15 
and VAT at 15% 

Access and Barclaycard accepted 

,Amplificajio~ system-Oct. 1~79-3 preamp 1 poweramp 
Digital capacitance meter-April 1980-2 s.s. . ... 
Colour graphics system -Apnl 1 980-1 d .s. 

24-l.r. service on (054 422) 618 
Audio spectrum analyser-May 1980-3 s.s 
Multi-section equalizer - June 1980-2 s.s . 
Floating-bridge power amp-- Oct. 1980- 1 s.s. (12V or 40V) 
Nanocomp -Jan. T98 1 - 1 d .s . 1 s.s 

£4.00 
£9.00 
£6.00 
£2o .. o·o 

Government and Educational orders welcome, £15 minimum 
Trade accounts operated, phone or write for details Logic probe- Feb . 1 981 - 2 d.s. 

-Modular frequency counters-March 1981 - 8 s.s. . 
Opto-electronic contact breaker (Delco)-Apri l1 981-2 s.s .. . . : . . .. · . - · £4.00 
Boards are glassfibre, roller-tinned and drilled. Prices include 
V.A.T. and U.K . postage . 

HAPPY MEMORIES, DEPT. W.W. 

Airmail add 20% , Europe add 10%, Insurance 10% . 
Remittance with order to 
M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 

GLADESTRY, KINGTON 
HEREFORDSHIRE HR5 3NY 
Tel. (054422) 618 or 628 

De-mystify the micro with ... 

Practiqal 
CompJ.ttmg 

Getting through the jargon 
barrier is the first problem tor 
those who are learning about 
micro computers - and the 
August issue helps you to do 
just that with an entertaining 
glossary of those technical 
terms which seem designed as 
much to obscure as to convey 
meac:1ing. 

Other Features in the August issue include 
• Reviews of the randy Model Ill and Sharp PC3021 business systems. 
• Evaluation of Micromodeller- a business modelling package similar 

to Visicalc. 
• How a solicitor in weymouth is using a microcomputer in his practice. 
• Education- which comes first- hardware ~r softw~re? . . 

Guidelines for those in schools who are gettmg to gnps w1th micro-
computers. 

All this together with our regular advice columns For users 
of Pet,' Apple, Tandy, Sinclair ZXS0 / 81 micros and now the 
Acorn Atom too. 

r T::rk= ::rt= . ::-FI= a=ct= ,:::; - ., 

I 
Quadrant House, The Quadrant, Sutton, Surrey SM2 5A.~. I 
Please send me Practical Computing for one year. I enclose 
cheque/ P. 0. for£/() (U.K.)/£ /6 (o1-erseas) made payable to !PC 

I z:%:es_s_P_r_e_s_s_L_t_d_. ___ --------~--- I 
PLUS the official guide to the 1981 Micro
computer Show being held at wembley from 
July 30-August 1. All for only SOP from your 
newsagent or post this coupon now. 

out Julv 15 I Address I 
------- - - - · 

L 
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Item No. 
1 TEKTRONIX STORAGE OSCILLOSCOPE Type 434. Current Model. As 

new. 12monthswarranty(Nowarranty£1.400l £1,850 
2 TEKTRONIX STORAGE OSCILLOSCOPE type 564 with 3A6 & 384 £350 
4 TELEQUIPMENT OSCILLOSCOPE type D6 1A. Dual Trace 10M HZ £200 
5 SCOPEX OSCILLOSCOPE type4D10. Dual Trace 10MHZ £170 
6 HEWLETT PACKARD OSCILLOSCOPE type 1208. IX-Y) £120 
7 MARCONI WAVE ANALYSER TF2330. Good condition £150 
8 AVO UNIVERSAL BRIDGE 8150with adaptor A151 £80 
9 ADVANCE SIGNAL GENERATOR type E2 lOOKHZ-1 OOMHZ £40 

10 B & K AUTO VIBRATOR EXCITER CONTROL type 1016 £50 
11 SOLARTRON Digital Voltmeter type LM1450 £20 
12 SOLARTRON PULSE GENERATOR type G01101 .2 £40 
13 ADVANCEV.H.F. Millivoltmeter type VM79 - No probes £35 
14 ADVANCE A. F. SIGNAL GENERATOR type J2 £25 
15 KNIGHT RF Sig Gen KG686 with Sweep Marker Gen KG687 . The Pa ir £90 

1~ ~~~~~5ts~~E~~~~~OA~~~~~~~~5HZ to 50KHZ ~:~ 
20 AVO UNIVERSAL BRIDGE Type 1 £75 
21 P.S.I. RMS VOLTMETER type A1301 £90 
22 LABGEAR 625 COLOUR MATCH GENERATOR CM 6004-PG £30 
23 ADVANCE LF OSCILLATOR type SG65A £75 
24 TAYLOR AMIFM SIGNAL GENERATOR type 62A Mk II £125 
25 MARCONI UNIVERSAL BRIDGE type TF1313 1/4% £200 
26 MARCONI WIDE RANGE OSCILLATOR type TF1370 1 OHZ-1 OMHZ £90 
27 SOLARTRON TRUE RMS VOLTMETER type VM1484 £75 
28 RANK V.H.F. SIGNAL STRENGTH INDICATOR £25 
29 RACAL COUNTER ELECTRONIC FREQUENCY 32MHZ type 836 £75 
30 WAYNE KERR CAPACITANCE BRIDGE type B541C £40 
31 WAYNEKERRCOMPONENTBRIDGEtype8121 £45 
32 HEWLETT PACKARD DC CURRENT SOURCE type 6161B 0- lOOV; 

0-250MA £175 
33 MARCONI SAUNDERS LEVELLING AMPLIFIER type 6587 £175 
35 RACAL H. F. SELECTIVE ANALYSER type 9056 £375 
36 MARCONI STANDARD SIGNAL GENERATOR type TF144H 10KHZ-
nM~ £2~ 

37 SCHLUMBERGER!SOLARTRON AUTOMATIC COUNTER type FB2602 
£150 

38 BRANDENBURG PHOTOMULTIPLIER POWER UNIT 0-2500Volts £90 
39 SCHLUMBERGERISOLARTRON COMPUTING VOLTMETER type J M 1776 

£90 
40 HEWLETT PACKARD AC CONVERTOR type 3461A £90 
41 MUIRHEAD WAVE ANALYSER K-134-A 30-31 OHZ £90 
42 PHILIPS COMPARATOR 278KHZ £75 
43. HEATHKIT CAPACITOR CHECKER IT-28 £25 
44 HEWLETT PACKARD DIGITAL VOLTMETER type 3440A £60 
45 HEWLETT PACKARD FREQUENCY CONVERTOR type 8729A £130 
46 RACAL AUTO FREQUENCY CONVERTOR type 803R SOOMHZ £35 
47 AIRMEC ELECTRONIC VOLTMETER type 314A £75 
49 KEITHLEY INSTRUMENTS REGULATED HIGH VOLTAGE SUPPLY TYPE 

241 Accuracy + / - 0.05%or lmv £250 

53 RHODE & SCHWARZ UHF TEST RECEIVER BN1523 
(4600MHZ) 

54 R & S Z-g DIAPRAPH 300-2400 MHZ BN3562 
55 R & S Unbalanced Standard ATTENUATOR BN18042/50 
56 R & S VHF-UHF FREQUENCY METER 30-3000MHZ BN442 
57 R & S DIRECT CAPACITANCE METER BN5201 
58 WAYNE KERR UNIVERSAL BRIDGE type 8521 ICT375) £75 
59 B & K HETERODYNE VOL TM£TER type 2005 £250 
60 HEWLETT PACKARD CLIP ON DC MILLIAMPMETER type 428A w ith 

probe £70 
61 SOLARTRON DIGITAL VOLTMETER type LM1420.2 £30 
62 SOLARTRON DIGITAL VOLTMETER type 1420.2 with Mean AC Unit £35 
63 SOLARTRON DIGITAL VOLTMETER type 1867 · £55 
64 MARCONI SIGNAL GENERATOR type TF995A/3/S ICT402) £225 
66 HEWLETT PACKARD VALVE VOLTMETERtype412A £35 
67 HATFIELD SELECTIVE LEVEL METER type 1001 £90 
68 COSSOR NOISE LEVEL METER CT454 £18 
69 HEATHKIT DECADE RESISTANCE BOX DR1U £10 
70 MARCONI VARIABLE ATTENUATOR type TF1073A/S ICT421) £40 
71 ROCHAR UNIVERSAL COUNTER TIMER type A 1149 £40 
72 WAYNE KERR UNIVERSAL BRIDGE type B221 £50 
73 WAYNE KERR AF SIGNAL GENERATOR typeS 121 1 OHZ·120KHZ £60 
76 MARCONI RFATTENUATOR type TF1073A £35 
77 HEATHKIT VALVE MILLIVOLTMETER AV-3U £15 
78 TELONIC SWEEPER 450-900MHZ £55 
79 COSSOR SWEEP OSCILLATOR type CT202 £35 
80 WEIR DIGITAL VOLTMETER type 500 Mk 3 £20 
81 AIRMEC AM/FM SIGNAL GENERATOR type 204 1-320MHZ £130 
82 HATFII;:LD TRANSISTORISED SELECTIVE LEVEl. METER SPO 7820 £90 
63 S.T.C. LEVEL MEASURING SETtype 743098 £90 
86 R & S MICROWAVE POWER METER BN2412150 0-3200MHZ £80 
87 ADVANCE SIGNAL GENERATOR B4B 100KHZ-1 00MHZ £25 
88 1-!_EWLETT PACKARD DIGITAL RECORDER type 50508 £25 

8 & K LEVEL RECORDER type 2305. 50d8 Potentiometer . Br.and 
New. With accessories £950 ea 
HEWLETT PACKARD X-V RECORDER type 70158 £600 ea 
GENERAL RADIO type 1360-B Microwave Osc. 1.7-4.1 Ghz £750 
GR type 1142-A Frequency/Discriminator Meter 0-1.5MHz £225 
GR type 1807 DC Microvoltmeter/Nanoammeter 1.5Kv maz £175 
GR OSCILLATORS types 1209-C; 1209-0L; 1215-C (50-900MHZ) 
with Power_unittype 1269-A · £225 

A MUST FOR THE COMPUTER 
OR VIDEO MAN 

CONRAC 14" MONITOR. Solid-state - sync. plus v ideo input sockets. Not 
cased . Used but tested. 

£35 each. Carriage £5 
Other monitors available including co lour. Please enquire. 

CREED MODEL 75 
Printer with keyboard. Late model. . 

Still the cheapest way to get a printout 
from your microprocessor. Basic data and 
connections supplied. 

Used, good condition 

ONLY £25 each 

MINIATURE ' 
VARIAC 0.6 AMP 

In an attractive Blue Case with Carrying 
Handle. Size 101!4 x 61!4 x 6V2''. 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 

Rotary, complete with Waveguide 
Couplers. These are brand new, Ministry 
boxed. Very impressive. Dish diameter 27 
inches. £85 each. Carriage £5 

EX-MINISTRY MASTS 
40ft. HEAVY DUTY 

W ith guys, etc. In transit case 
£50 each. Carriage £5 

INVERTOR. TYPE 350 
Input 115 Volts DC. Output 115 Volts AC 
400HZ, 3-Phase. Supplied with connection 
details. 

Tested, good condition. £30. each 
Tested but scruffy. £15 each 

Carriage t:o 

FRA RED IMAGE 
CONVERTER Type 9606 

(CV 144) 
50 T.O.A. ELECTRONIC POLYRECORDER type EPR-2T £90 
51 STODDARD AIRCRAFT Rad io Interference and Field Intensity Meter type 

1%in. diameter. Requires single low cur
rent 3KV to 6KV, supply individually ._ _________ ~ ________ ..... boxed. With data. £12.50 each 

NM-52A 375-lOOOMHZ 12 pieces) £275 
Infra Red Lamps also advertised 

CONVERT THIS UNIT TO A 
SUPER BATTERY CHARGER 

Attractive green ministry quality case with remova
ble top and bottom plates -'- heavy duty power 
switches, high powered resistors to control current, 
good quality centre mounted amp meter, strip of 
wing nut terminals on front panel which can be 
used for connecting leads. All this for £3.50. P&P 
£3. Four units £12. Carr iage £6. 

STEPPING MOTORS 
6/12 position with additional where the rotor is 
coils. Device can be used as a tacho. Diagram 
supplied. Will actually work on 5 volts. 12/24 
recommended. 

£1.50 each P&P 75p 
~r 5 for £5 P&P £1.50. 

STEPPING MOTORS 
200 Steps. 20 oz/in. torque, 12/24 volt input 5-wire 

£12each. P&P£1 .50 : 

KEYBOARD PAD 
Size 3x2V2x2" with 12 Alma Reed Switches. Blue 
keys marked in green 0-9 and a star with one blank. 
£4each. P&P£1, or 5.for £15 P&P £2. 

MiNIATURE KEYBOARD 
Push contacts, marked 0-9 and A-F and 3 optional 

function keys. £1.75 each. 

CRYSTALS 50peach 
Flat metal case - 19.2KHZ; 844.6KHz; 87G -1~ 

PULSE TRANSFORMER. Sub m in. Size 112 x 5/16 x 1J4" 
Secondary centre tapped . New 20p ea. 
~~~~·ffe:::e MULTIPLIER. Two high voltage outputs and 

~~~70~~~-~~~:r~~~~e~~:~~~~,i;r~~·~ f2HT CABLE. 10p per 

~~Po:.~~~~~r~~ £~~~~&:~~~~0230V 500 watt. Screw cap. 
INFRA RED QUARTz. LAMPS. 230V 620 watts . Size 131!2" x 
t/8 " dia. £1 .50ee. 240V 1650watts. Size 223/4" x 112 " dia. £3ea.1 BRIDGE RECTIFIER. 2 Amp SOp ea. 
PHOTODIODE DETECTOR 4' ' fly leads, 26p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 

~~~Cin~ia~5da~d - MAINS LEAD. Moulded (3 vertical flat p ins 
centre offset) 60p ea. 
FANS. 115V 13 watts. Size 3lJ4x3lJ4x11!.!" BRAND NEW. 
£4.50 ea. Secondhand £2.50 ea. 
DELAY LINE. 50 nanosecs. 3 connections - ground-in-out. 
Size 2 x 7/16x5/16 " New 25p ea. 

DIODES TRANSISTOR INVERTOR SOME TEKTRONIX 500 
RANGE OSCILLOSCOPES 

. with Single Trace Plug-ins. Working. 
From £100. Phone for details 

All new full spec. devices 
IN3063 BAX 13. 1S44, 1N4148; 
1N3470; 1N4151 . 

115V AC 1.7 Amp Input. Switching is at 
20Khz. Output w indings from Pot Core. 
Can be rewound to suit own purpose or 
unit can be broken for host of COf11ponents. 100off£1 .50, 1,000off£10 
Circuits supplied. £1.25 each. P&P £2. 

MULTIMETER 
Russian Type 4324 

AC/DC volts : AC/DC current · 
ohms, etc. ' 

METROHM INSULATION 
AND CONTINUITY 

TESTER 500 volts 

COSSOR VDU with 
KEYBOARD 

80 characters x 13 lines; 600/1200 baud ; 
RS232; standard 240 volts input ; screen 

size 9 inches. 
Brand New, boxed. 

£12.50 each 
P&P £2.50 

Portable, Battery Operated , Standard P.P.7 
(Battery not supplied). Complete with carrying 

case. 
Very good condition . Tested. Limited 

quantity. 
As new £40 each 

Used but good condit ion £25 each . 
£70 each. Carriage at cost. P&P£3. 

MOTOR 12V DC w1th pulley and Integral sem1conductor 
Speed Control. New £1 ea. 
LEDEX ROTARY SOLENOIDS. 115V DC. No switch assembly. 
15pea. 

~~~M~~~~~ c~=~~t~~:!~~Ps!'1~~fo~~~0~ole 1 o-
RAPID DISCHARGE capacitors Bmfd 4kV £6 each. P&P £2. 
DECOI.!PLING CAPACITORS 
0.05mfd lOV; O.Q1 mfd; 0.047mfd 250V; 33K, 330pf. All values. 
100 for £1 .50. 

~o~:~~~ut~fc~~~K~::s~aC~BLE. New 40p per metre. 
10 metres for £3. 
GEC UHF 4-button tuner £1.50 each. 
CENTAUR 115V FANS. 4112x4112x t1!2". £4.50 ea. Ex-equip- . 
ment, tested 60p each. 
CONTACTORS. Heavy Duty 24V DC 5 make £1 each. 
GEC UHF/VHF 6-button tuner£2each. 
931A PHOTO MULTIPLIER £2 each. P&P £1. 
RANCO 250V 18A THERMOSTATS with Control knobs cali· 

~~[M ~~l~~ ~e~F~U~~~~~ ;;:Hz. £1 each. 
BRAND REX blue wire wraps . 30 metres for £1. P&P 25p. 
TRANSFORME~S 
AUTO 240V input 1 15V. 1 Amp output£1.25 each. P&P £1 .25. 
240V input. Soc. 6V, 1.86A. Size 2112x2x2". Good quality £1.50 
ea. P&P£1 . 
240V Input Soc. 12V 0 :92A. Size 21!2x2x2 " . Good quality. 
£1 .50 ea. P&P £1 . 
240V input 12V 100M A. Size 60x40 x 42mm . 50p each. 
240V input. Sec. 12-0-12V SOMA. Size 53 x 45 x 40mm. £tea. 
115V Input. Sec. SV 250MA. Size 1 11/16 x 1112 x 11f4". 2 for 50p. 
115V input. Sec 10-0-1 OV1 A. Size 2112 x 2 x 2", 2 for £1 .50. 
SEMICONDUCTQRS 1N4005- Sp; 1N4002 - 3p. 

. At5p each: 
8C147, BC157, BC158, 8C237, BF197, OA90, OA81, BC1488, 
BA154, BA243. 
At 25p each : 
TIP31 , TIP41A, 2N5£96, AF139, 2TX341. 
8Y127 10p. BF181 20p; 8D239 49p; 8D241 40p; MA343AT 
49p; BD228 SOp; BD233 & 8D234 Camp Pair 25W - SOp per 

at 50p each. 

MOTOROLA DUAL in line 6-pin Opto Coupler 30p each. Gold 
plate tester version 50p each. 
ELECTROSTATIC VOLTMETER. 7.5KV £8 ea. P&P £1 .50: 
_Q_t~~-@!!ll_es_aya_i~able ~ please enquire. 
TRIMMERS. Sub niln. 0.25 to 1.25 pf. 1 to 4.5 pl . 7 to 45 pl. All 
at6peach. 
HONEYWELL humid ity controllers SOp each. 
THYRISTOR TIMER. Solid State. 15 sees adjustable (reset) in 

~iNl~r~~~~ c~ef,..SJIT~~r~z~~En ~X~~JH'.ri~s Pd~~a~ s~;·,c~P 
· each. 

: ~!~:~87 ~i~~:-'~~~ rae;h~~~'tf~tst~:ip,~~~eo~~~o.,:i~~ ~:cr~ua~ 
places between digits. Good brill iance at 1.5V. 15 connections 
£2.50each. 
Some E.H.T. TRANSFORMERS and CAPACITORS available. 
Please enquire. 
TELEPHONES 706 style b lack; grey or blue £5.50 ea : 746 style 
black or grey £7.50. Older style black £2.50 each. Discoloured 

&c~~~t/6 :o;~~ ~\5~ ~~5 ':~~hc~n~inuous . Double shaft . 
Brand new. 4wire 4 brush £18 ea. Plus carria!Je. 
PC Mount POTS. Wire wound with knob 200 ohm & 10 ohm. 
10pea. 
MIN. RELAY 24V. 2 pole c/o. Brand new 75p each. 
TIME DELAY RELAY 0.1 to 10 sees. 115V AC. DPDT. £5 each. 
CAPACITORS at Sp each. 0.1 uf 400V. Small rec. block PC 
Mount German class; 3300pf; 220nf 250V; O.Olmfd 160V. 
INSERT can be used as Microphone/Earpiece (Like used as 
insert in telephone but superior quality) . Ex-Min. Brand new 

~o~dW>'ll5~::~s~o~'UER~6-Input o-120-240 Volts . o utput 

~~~~Vdo~~ovne~~~~f~~ -~~~~~'/i §f,~t£j~~la~~fcE ~~e~~-c~l~~ 
£1 .50. 
TANTALUM CAPACITORS - All at lOp each - 100 off £7.50. 
22mfd 6V; 39mfd lOV; 22mfd 35V; lmfd 35V. 
MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each. 
10off90p. 
HEAVY DUTY RHEOSTAT. 7.50hm, 5.5Amp. Diameter 5". 
Standard 1;4" shaft £2~5!l_!ach ._P&_!' £1 .50. 

lARGE EX-MINISTRY SPEAKERS. OUTSIDE 15 ohm or 
500ohm. Tested £25each orSfor£100. 

MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £1.50- where P&P not stated please 'use own discretion- excess refunded. £5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED To" ALL ORDERS. CALLERS VERY WELCOME STRICTLY BETWEEN Sam-1pm and 2·5pm Monday to Saturday inc. 
BARCLA YCARD (VISA) and ACCESS taken. Official orders welcome. . 

. __ CHIL -y-.. EAD L TO 
NORWOOD ROAD, READING . . . TELEPHONE NO. READING 669656 (2nd turning left past Reading Technical College in King's Road then first right- look on right for door with "Spoked Wheel") 

www.americanradiohistory.com
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MICRO TIMES 
19 Mill Street, Bideford, North Devon, EX39 2JR 
Telephone Bideford (023-72) 79798 Dept. WWI 

***THIS MONTH'S SUPER SAVERS*** 

MEMORIES 

TIL AND CMOS RANGE AVAILABLE SEPTEMBER 1981 

4116 200ns 
1 + 25+ 

£1 .30 £1.25 
£1.70 £1.65 

£15.50 £15.25 
1 + 25 + 

2114450ns £1.30 £1 .25 
2114300ns £1.45 £1 .40 

From TOSHIBA TC5514P 
4K CMOS RAM (1 k x 4) 450ns £3.65 £3.45 
CMOS RAM 5101 £3.45 £3.40 

6809 Single Board Computer *kit* 
Complete kit £160 plus 15% V.A.T. £1 P. & P. 
Uses Motorola's powerful MC6809 CPU. 
4K/8K/16K ROM 2K RAM, ACIA, PIA, 8080, 
simulated 1/0, RS-232 Handshake. 8-sel. Baud 
Rates. Manual includes: 11 x 17in. Schematic 
Parts List. User notes. Software l istings and 
more! 
Ba re Board £48** 
Uses 6809; 6850 :6821 -
buy set for £18.50. 
ADMONS (2716) £24.00 
Data available. S.a.e. please . 

Low Profile THYRISTORS D/FaceWipe C106D DIL Sockets 
40 pin 39p 
28 pin 29p 

Tlls 24 pin 25p 
22 pin 24p TIL32 
18 pin 20p TIL209 red 
16 pin 18p TIL232 green 
14 pin 16p TIL212 yellow 
8 pin 12p TIL216 red 
Quantities 100- TIL228 red 
Discount 5% TIL220 red 

TIL 224 
TIL31 

LINEARICs TIL312/3 
NE555 18p TIL321/A 
NE556 SOp TIL330/A 
RC4136 65p 
LM301AN 26p 
LM 311P 48p 

CPUs LM318 £1 .50 
LM 324N 43p 6502 
LM 339N 43p 6504 
LM 348N BOp 6802 
LM 358P 40p 6809 
LM 380 65p 8080A 
LM 3900N 48p BOSSA 
LM 3914 £2.10 Z80 
LM 3915 £2.10 Z80A 
LM 13600 £1.20 
SN 76477N £1 .70 
LM741 15p 

SUPPORT UA70.9 30p 
UA733 75p DEVICES 

'UA747 SOp 6520 
UA748 30p 6522 
TL074CN £1.25 6532 
TL081CP 40p 6810 
TL082CP 70p 6821 
TL084CN £1 .00 6845 
LM3302 6850 

28p 

45p 
lOp 
18p 
16p 
18p 
20p 
12p 
18p 

£5.50 
£1 .00 
£1.15 
£1.15 

£5.45 
£7.25 
£5.85 

£15.00 
£4.15 
£6.45 
£5.45 
£6.45 

£3.15 
£5.60 
£7.75 
£2.50 
£1.90 

£15.00 
£1:95 

4116150ns 
HM 6116P-3 (16k 150ns) 

EPROMS 
2708 450ns 
2716450ns 
2732 Intel type leach) 
Buy 5 off for 

AY-3-8910 

£2.55 £2.50 
£3.00 £2.95 

£9.90 
£49.00 

Gl SOUND CO MUTER CHIP 
Features: 
- Full software control of sound generation 
- Interfaces with most 8-bit and 1-6-bit 

microprocessors • 
- 3 independently programmed analog out

puts 
- Two 8-bit genera l-purpose 1/0 ports 
- Single +5-volt supply 

**SPECIAL PRICE £6.95** 
Data £1. Large S.A.E. please 

INTERSIL ICL 7660 £2.25 
Voltage Converter 

Now ex-stock 

FEATURES : 
*Simple conversion of +5V Logic 

supply to ±5V supplies 
*Simple voltage multiplication (V out= 

(-) n. Vin) 
* 99.9% typical open circuit voltage 

conversion efficiency 
* 98% typical power efficiency 
*Wide operating voltage range 1.5V to 

10.0V 
*Easy to use, requ ires only 2 externa l 

non-critical components 

DATA AVAILABLE 50p 
S.A.E. please 

JUST ARRIVED FROM VERO 
S100 Prototyping Boards 

Microboard Pattern 06-2175L £16.40* 
Square Pad Universal Pattern 06-2338F 

£16.40 
Prototyping Board for your APPLE/ITT 
2020 £8.37* 

FLOPPY DISC CONTROLLERS 
FD1771 £19.50 
FD1791 -2 £32.00 
WD1691D £14.50 
WD2143-01 £5.00 
*SPECIAL Complete Packing £50 
includes FD1791-2 + WD1691D 
+ WD2143-01. 
Set of Data on the above £3 

95p 
TL490 £1 .10 6852 
1488 75p 8212 ~u~ 1--------------· 
1489 75p 
8T26 £1 .50 
8T28 £1.SO 
8T95 £1.50 

ENCODER/ 
TRANSMITIER 
LM1871 £1 .90 

RECEIVER/ 
DECODER 
LM1872 £1.90 

8216 
8228 
8255 
ZSOCTC 
Z80PIO 
Z80ACTC 
Z80APIO 
ZBODMA 
ZSOADMA 
Z80S10/0 
Z80AS10/0 
Z80 S10/1 
Z80AS10/1 
Z80S10/2 
Z80AS10/2 

£1.75 
£3.95 
£4.10 
£4.25 
£4.25 
£5.40 
£5.40 

£16.00 
£18.00 
£18.00 
£24.00 
£18.00 
£24.00 
£18.00 
£24.00 

COMBO CHIPS 
Intended for Z80 Usage 
ZBO Combo Chip (MK3886), 2112 meg. £25.00 
ZBOA Combo Chip (MK3886N-4), 4 meg .£2

9
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ANTEX SOLDERING IRONS 

Model CX. 17W £4.25 
Kit SK.1 15W £6.00 
inc. base/stand & solder. 

Kit SK.3 17W £6.00 

VOLTAGE 1--------l Kit SK.4 25W £6 .00 
SK.3 and SK.4 complete with stand. REGULATORS 

1A 
7805 SV SSp 
7812 12V 55p 
7905 5V 60p 
7912 12V 60p 

100mA 
78L05 · 5V 29p 
78L12 12V 29p 

500mA 
79M 12 12V 64p 
79M05 5V 64p 
723 32p 

· SN 76477N £1 .70 
A single ch ip versatile 
SOUND EFFECTS 
GENERATOR SN76477N 
is ideally suited for 
app lications such as 
arcade or home video 
games, alarms, sound 
effects boxes and toys. 
DATA £1.25. 
SOp large S.A.E. 

MLX Repair Kit can be used where no 
mains e lec. is available £4.80 

VEROBLOC SOLDER LESS BREADBOARD 
360 reliab le contacts 

Will accommodate any size of IC. Can be fully 
interlocked, one with another. 
SPECIAL PRICE £3.55 

KITS FOR BEGINNERS 
AROUSE THE MICROCHIP INTEREST IN THE YOUNGSli:HS STArHER K 'TS 

UL TRONIC FLY 
REPELLER 

A must for campers 
features : 
- LED indication 
- Pocket-size case 
- Low power consum pt ion 
Kit + all parts + case with in
structions for easy assembly. 
Battery not included. 

£4.50 

LIGHT AC11VATEO 
SWITCH 
Used for automatic lighting 
control , elec. appliance 
control, elect ronic gun burglar 
alarm and auto-open door 
system . 
Switch on/off 200W. elec. ap
pliances 
Kit + parts + instructions for 
easy assembly. 

£3.50 

ORDERING INFORMATION 

ELECTRONIC 
WHEEL OF 
FORTUNE 

Fun Kit 
Easy to assemble. 

Case included. 

Wonderful game. 

£5 

Please add 50p P. & P. Pl us 15% V.A.T. to 
all orders . 
EXPORT ORDERS ACCEPTED. Add 15% 
P&P on total order. V.A. T. not applic
lable. 

It is our policy to offer you brahd
new, full-spec. dev i tes , Prices 
subject to change without notice. 
Schools, Univ. Off1c1al Ordars wei
com~. 

.... ACCESS/BARCLAYCARO WELCOME 

ww- 054 FOR FVRTHER DET AILS 

WIRELESS WORLD AUGUST 1981 

HASBROOK TRADING 
POSTAL ADDRESS: P.O. BOX 25, 

CLEMENTI CENTRAL, SINGAPORE 9112. 

Lowest Prices - Prompt Delivery - Quality Products 
LINEAR ICs. 

TBA 120 0.55 TBA 810 0.80 TDA 1060 1.59 TDA 2523 1.70 
TBA 120T 0.67 TBA 890 0.67 TDA 1170 1.50 TDA 2540 1.60 
TBA 1205 0.67 TBA 900 1.20 TDA 1190 1.50 TDA 2541 1.60 
TBA 120AS 0.55 TBA 920 1.20 TDA 1270 1.50 TDA 2560 1.60 
TBA 2408 1.12 TBA 940 1.25 TDA 2002 1.17 TDA 2570 1.60 
TBA 395 1.20 TBA 950 1.60 TDA 2010 1.55 TDA 2571 1.60 
TBA 510 1.20 TBA 990 1.16 TDA 2140 1.55 TDA 2580 1.55 
TBA 520 1.05 TBA 1440 1.15 TDA 2150 1.55 TDA 2590 1.70 
TBA 540 1.05 TBA 1441 1.15 TDA 2151 1.55 TDA 2591 1.60 
TBA 550 1.20 TCA 270 1.15 TDA 2160 1.55 TDA 2593 1.65 
TBA 560 1.20 TCA 540 115 TDA 2161 1.65 TDA 2611 1.56 
TBA 570 1.05 TCA 800 1.48 TDA 2510 1.55 TDA 2640 1.60 
TBA 720 1.80 TDA 440 1.60 TDA 2520 1.65 TDA 2652 1.65 
TBA 750 0.96 TDA 1037 1.60 TDA 2522 1.70 TDA 2661 1.60 

74 LS SERIES DIODES. 
SN 74 LS 48N 0.56 SN 74 LS 197N 0.52 OA 47 0.10 IN 916 0.04 
SN 74 LS 85N 0.65 SN 74 LS 241N 0.69 OA 90 0.05 IN 4001 0.04 
SN 74 LS 107N 0.29 SN 74 LS 248N 0.58 OA91 0.06 IN 4002 0.04 
SN 74 LS 123N 0.42 SN 74 LS 249N 0.58 OA 95 0.06 IN 4003 0.05 
SN 74 LS 124N 0.55 SN 74 LS 259N 0.85 OA 200 0.06 IN 4004 0.05 
SN 74 LS 132N 0.42 SN 74 LS 260N 0.32 OA 202 0.08 IN 4005 0.05 
SN 74 LS 148N 0.56 SN 74 LS 280N 1.07 IN 914 0.04 IN 4006 0.06 
SN 74 LS 173N 0.49 SN 74 LS 290N 0.47 

DIODES. SN 74 LS 174N 0.56 SN 74 LS 298N 0.60 
SN 74 LS 175N 0.45 SN 74 LS 375N 0.40 IN 4007 0.06 IN 5404 0.10 
SN 74 LS 190N 0.47 SN 74 LS 378N 0.60 IN 4148 0.04 IN 5405 0.17 
SN 74 LS 191N 0.47 SN 74 LS 395N 0.85 IN 5401 0.09 IN 5406 0.17 
SN 74 LS 192N 0.56 SN 74 LS 399N 0.94 IN 5402 0.10 IN 5407 0.17 

I SN 74 LS 193N 0.47 SN 74 LS 670N 1.85 IN 5403 0.10 IN 5408 0.18 

L.E.Ds Quantity discount available. Trade enquiries welcome. 
Round 3mm/5mm All components brand new and subject to availability . 
Priced by colour: Please add SOp for carriage on all orders. 
Red 0.05 Terms: Money Order/Postal Order or Bankers draft 
Green 0.07 with orders please. 
Yellow 0.07 All orders despatched on day of receipt with full refund 
Orange 0.-10 guarantee for out of stock items. 

Digital Quartz Clock for your car , boat and caravan £7. 20 
Size: 102 x 42 x 40mm 

E. & . 0 . E. 

POWER UNITS 
Now available with 

3 OUTPUTS. 

Type 250VRU/30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2:.0-70v, 10A.A:c 

OUTPUT 3 : 0-250v, 4A AC 

ALL 
Continuously 

Variable 

WIRELESS WORLD AUGUST 1981 

METALFILM RESISTORS 
1% Tolerance, Y4 Watt 

1 OOR 1k 1 Ok 
110R 1k 1 11k 
120R 1k2 12i< 
130R 1 k3 13k 
150R 1k5 1 5k 
160R 1k6 16k 
180R 1 k8 18k 
200R 2k 20k 
220R 2k2 22k 
240R 2k4 24k 
270R 2k7 27k 
300R 3k 30k 
330R 3k3 3-3k 
360R 3k6 36k 
390R 3k9 3~k. 
430R 4k3 43k 
4 70R 4k7 4 7k 
510R Ski 51k 
560R 5k6 56k 
620R 6k2 62k 
680R 6k8 68k 
750R 7k 5 75k 

lOOk 
110k 
120k 
130k 
150k 
160k 
180k 
~OOk 
220k 
240k 
270k 

330k 

470k 

560k 

680k 

820R 8k2 82k 820k 

ONLY 3 EACH . .2.!..QB_ 9k1 ~ l k 1M 

. . p Special Offer: 5 PCS of EACH (445 RESiS-
M<nlmumorder£10 TOR~)ONLY£1 1.50. 

Minimum 5 pes per value High Q u ality High Stability Huge 
89 Values (E24) Strength. ' 

VAT inclusive. A dd £1.00 p&p all areas, 

ORION SCIENTIFIC PRODUCTS LTD.-
4 Golden Sq., London W1 

WW - 050 FOR FURTHER DET AiLS 

TV TUBE REBUILDING 
Faircrest Engineering Ltd. manufacture a comprehensive 
range of equipment for proces~ing all types of picture tubes, 

:colour ana mono. 'Standard or- custom built unhs for 'estab
-lished or new businesses . We export world -wide and have an 
.~xcellent spares service backed by a strong tech nical team. 

Full train1ng courses are ind1v1dually tailored to customers' 
requirements . 

For full details of our service contact Neii Jupp 

FAIRCREST ENGINEERING L TO. 
4 Un.ion Road, Croydon, CRO 2XX 

01-6841422/01-684 0246 

WW - 042 FOR FURTHER DET AILS 

A TIROFESS/ONAL 
TOOLCASE FOR ~-
UNDER£40 
Designed for the professional Electronics, T.V or 
Instrument Technician who needs to carry a large 
number of specialist tools . 

The T L 99 sets a standard as a low cost alternative 
to more expensive cases. 

It offers strength with a practical use of space 
and many other features . 

DC 
RADIOMICROPHONES 

DESIGNED & BUlL T BY 

PROFESSIONALS 

' 

'PIKAMIC's the name, 
The Broadcast one. ' • ,• 

A SENSATION that 
lets you use the Mic you 
love, in an instant. 
Unplug the lead, plug in 
the ' Pikamic' transmitter, and 
INSTA NT CORDLESS 
FREEDOM is yours! 

* 
* 
* 
* 
* 

Crystal controlled. 
Light weight 6ozs complete wit h battery. 
Integral Aeria l. 
M ax. dim. 31mm dia. X 101mm iong. 
British built. H.O. approved. 

For full details contact: 
EDC (Eikom Design Limited), . 
29a West Street, Wareham, Dorset, England BH20 4JS 

Tel: Wareham (092 95) 6050 

ECC 
WW - 071 FOR FURTHER DETAILS 

e 2 sided Reversible Multi-purpose 
tool pallet 

e 3" deep ABS lid and base 

e Twin handles with 8 fixing points 
on aluminium frames 

e Burst proof toggle locks. with keys 

e Moulded adjustable tray in base 

e Heat sink for hot sold.eri'ng iron 

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

also available TL 100 19" x 14" x 6" split 

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

99 
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WHO'S 
~--LOOKING .... 

FOR 
STRONG, INEXPENSIVE 

MULTI· PURPOSE 
BOXES. 

WITH THAT LITTLE TOUCH OF 
AESTHETIC SOPHISTICATION 

YOU ARE? 
WELL SLIDE OPEN A 

TUB OX 
AND EXPERIENCE REAL 

TOUGH ELEGANCE 

* Anodised aluminium, 'U' section base 
extrusion providing long term rigidity 

* Contrasting, black PVC covered, single 
piece slide-out covers 

* 75mm wide x 40mm deep in 6 lengths 
ranging from 70mm to 220mm 

* 4 screw fixing enabling rapid access 
So if you're into 

Hand Held Instruments 
Walkie Talkies 

or 
In-Field Test Gear 

You should look into a 

TUBOX 
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- 013 FOR FURTHER DETAILS 
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• BRITISH MADE 

The 'CHERRY' 
Computer · 
Keyboard • 52 KEY 7 BIT 

ASCII CODED 
• POSITIVE STROBE • CHIP BY GENERAL 

+5V. 12V. INSTRUMENT (G I) 
·F ULL ASCII TIL OUTPUT 

CHARACTERS • SUPERBLY MADE 
• ESCAPE SHIFT 

RETURN & RESET 
KEYS • PARALLEL OUTPUT SIZE 13 x 5.5 x 

·CONTROL REPEAT 
& BELL 

WITH STROBE 1.5 ins. 
• POWER LIGHT ON • BLACK KEYS WITH 

Complete with DATA CONTROL WHITE LEDGENS 

The ~p· pie" Power Supply Suitable for use with 
most computers 

A PROFESSIONAL BUILT & TESTED . CASED & 
VENTILATED POWER UNIT WITH BUILT IN OVERLOAD 
& CUT OUT PROTECTION CIRCUITS 

The Apple Power Supply is a h1gh·voltage 
SPECIFICATIONS 
Input voltage: 210·250v 
Supply voltages : +5 .0; 
+II 8; - 120; - 5.2 
Power consumption: 60 
walls max. (fullload) 
Full load power output · 
+5v: 2.5 amp; -5v: 250ma 
+ 12v: 1.5 amp; -12v: 250m a 
Size : 10" x 33••' x 21f," 
Weight(Approx.)31bs · 

"switching" power supply. While most 
other power supplies use a large 
transformer with many windings to 
convert the input voltage into many lesser 
voltages and then re ctify and regulate 
these lesser voltages. the Apple Power 
Supply first converts the AC line voltage 
int o a DC voltage. and then uses th1s DC 4~~~~~/ voltage to drive a high·frequency 
oscillator The output of this oscillator is 
fed intoasmalltranslormerwithmany 
windings . The voltages on the secondary 
windingsarethenregulated 

PREVENTS DAMAGE & RETURNS UNIT TO NORMAl 
Complete with lull data 
& information · . 
Supplied brand new . WORKING CONDITIONS ----.:..· ------------

11 'Cherry'Add-.on Keypad 
A COMPACT 12 BUTION KEYPAD SUITABLE FOR USE 
WITH CHERRV.KEVBOARO TO EXTEND ITS FUNCTIONS 
PLUS FOUR EXTRA KEYS 

· SUPPLIED BRAND NEW WITH DATA 
A 3 x 4 non ·encoded smgle mode keyboard 1n sloped format 

COMPERKIT DIVISION 
404 Edgware Road. London. W2. England 
Telephone : 01 ·402 6822 . 
Telex: 262284 Mono Transomcs 

Wirewound Ceramic Resistors 
Axial or vertical mounting 
5w-17w OR5-39K 
from £9.35 
per100 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

from £3.15 per 100. 

Carbon film Resistors 

%w5% 

£2 
Per 
1,000 

Carriage & VAT extra . . 
Send for lists of valves avail
able-Cable Sleeves and Markers from 

£1.38 per 1,000. also 1/8W, 112w, 1w etc. 
Crimp Terminals from £9.60 per 
1LQ00. . . , - • Audible Warnmg Dev1ces. Buzz-: 
tone, Bleeptone, Banshee, Bed
lam, etc, from £1.14 ea~h. 
Self-adhesive Pcb gu1des from 
£5.04 per 1 00. 

- PBRA LTD. 
Golden Green, Tonbridge 
Kent TN 11 OLH 
Hopfield (073274) 34~ 
Member Crystalate Group 

WW - 063 FOR FURTHER DETAILS 

~", XLR CONNECTORS 
Lin~Femai~· A3F:: . :· ·· · - ----- ··· .:.:· ...... £1.07 .. Chassis Female D3F... .. . ..... ... ........ £1.34 Line. Male A3M .... .. ... £0.93 Chassis Male D3M ..... .. .. .... .... ....... £0.77 

@) N EaGTvRlsKiargese'iLRu~O~;EC~~~~S _ 

Latch less chassis NC3-FZ. ... . ... .. .. .. .. £0.67 Latch less Chassis Male NC3-MZ .. .. .. ... .. .... £0.59 ~~n,:;~:~~~s~i;t~;~FP· :: : ::::::::::.: ::::::::: :.::: ~~ :~: . . ~~=s~i:~~~~3N~fMP· ·: ··.·:::: ···: ········· .... ·: ~~.!; 4~ 5 and Black Versions and large select1on of Aud1o Audio Adaptors avada~le 
XLR LNE MAIN SERIES 

.~t~ t~~ ~1~: : : : : ::: : :: ::: : :::: :::::::::::: :::::::::::: g::~· ·~t~ t~~ j~~ ::::::: :: :::::: : : : :: :: :::::;::: :::·:·: .. ·:: ~!:~~ 
. BE(CLER.E AU.DIO TRANSFORMERS 

EN6422 R§!IP + '1"2+ ;i:-Fr!lq 4oHz-35K-Hz PRi1so/600f1. sec 600/2 4K!l . EN6423 Rat1o 1 + 1·6 45 + 6 45 Freo . 40HZ·25KHz PRI150/600fl sec 6 25K/25K!l 

.. £3.64 
.. .. £3.64 
.. .. 1£1 .05 SKT-723 MuMetal Screening can, 39d8 reduction 50Hz ext. field ... .. ... ... .. ... .. .... · Trade enqui ries welcome; qua ntity discounts avai lable. All prices subject to V.A.T. Call, write or phone. Min. order £10. Please add £1 postage. Access, Am ex. Barclaycard. · 

.. KELSEY ACOUSTICS LTD. 
28 POWIS TERRACE, LONDON W11 lJ-H 

01-727 1046 
WW - 061 FORFURTHER DETAILS 
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80140 0.30 
2L 0.09 80159 0.85 

26 8C213 0.09 80166 0.46 
27 8C109C 0.11 8C213L 0.09 80179 0.72 

AC128 0.28 8C114 0.11 8C214 0.09 80182 0.70 
AC128K 0.32 8C116A 0.12 8C214l 0.09 80201 0.83 AC141K 0.34 8C117 0.19 8C237 0.09 80202 0.85 AC142K . 0.30 8C119 0.24 8C238 0.09 80203 0.78 
AC176 0.22 8C125 0.12 8C251A 0.12 80204 0.70 AC176K 0.31 8C140 0.31 8C252A 0.15 80222 0.46 AC187 0.26 8C141 0.25 8C258A 0.39 80223 0.48 AC187K 0.28 8C142 0.21 8C300 0.30 80225 0.46 
AC188 0.22 8C143 0.24 8C301 0.30 80233 0.35 AC188K 0.37 8C147 0.09 8C303 0.26 80234 0.35 A0142 0.90 8C148A 0.09 8C307 0.09 80236· 0.45 
A0143 · 0.82 BC1488 0.09 BC327 0.10 80237 0.30 
A0149 0.70 BC149 0.09 8C337 0.10 80238 0.33 AD161 0.39 BC157 0.10 8C338 0.09 80410 0.55 A0162 0.39 8C158 0.09 8C461 0.30 80434 0.55 
AD161/2 1.04. 8C159 0.09 BC478 0.20 80437 0.50 AF124 0.34 8C160 0.28 BC547 0.10 80438 0.80 
AF125 0.32 8C161 0.28 8C548 0.10 80517 0.80 AF126 0.32 8C1708 0.10 8C549A 0.08 80520 0.85 AF127 0.32 8C171 0.08 8C550 0.07 80X32 1.50 AF139 0.42 8C171A 0.10 8C5508 0.07 BF115 0.35 AF150 0.42 8C1718 0.10 8C557 0.07 8F127 0.24 
AF239 0.42 BC172 0.09 8C5578 0.07 BF158 0.18 
AU106 2.06 BC172B 0.10 BC558 0.07 8F160 0.27 AU107 1.75 8C172C 0.10 80115 0.30 8F167 0.24 AU110 2.00 BC1738 0.10 80116 0.52 8F173 0.22 . 
AU113 1.48 BC174 0.09 B0124P 0.56 8F177 0.38 BC107 0.10 BC174A 0.09 80131 0.32 8F178 . 0.26 8C107A 0.10 BC182 0.09 80132 0.35 8F179 0.34 BC107B 0.1 0 BC182LB 0.10 80133 0.40 8F180 0.29 8C108 0.10 8C183 0.12 80135 0.30 8F181 0.29 BC108A 0.10 BC183L 0.09 80136 0.30 BF182 0.29 BC108B 0.10 BC184LB 0.09 80137 0.28 
8C108C 0.10 BC204 0.10 80138 0.30 

0.13 80139 

EM81 
EM84 

A1714 .0.78 EM85 
A1998 E82CC 0.93 EM87 
A2087 E83CC . 1.50 ECLBO 0.66 EMM803 2.50 
A2134 E83F 2.50 ECL82 0.58 EN32 14.00 
A2293 E86C 6.00 ECL83 1.13 EN91 0.95 
A2521 E88C 4.00 ECL84 0.74 EN92 4.00 
A2900 E88CC 2.80 ECL85 0.74 ES1500 115.00 
ACP 3.00 E130l 13.00 ECLB6 0.74 EY51 0.80 
AC/HL/00 E180F 5.25 EF22 2.50 EY83 1.50 

~:~ E182CC 4.50 EF37A 3.60 EY84 8.00 
AC/PEN E280F 19.50 EF39 2.00 EY86/87 0.50 
AC/SP3 4.50 E283CC 8.25 EF40 1.20 EY88 0.60 
ACVP1 3.50 E810F 8.25 EF41 1.25 EY500A 1.50 
ACVP2 1.50 EASO 1.00 EF42 1.95 EZ41 1.20 
ARB 0.70 EAA91 0.80 EF50 1.50 EZ80 0.56 
ARP12 0.70 EABC80 0.58 EF55 2.25 EZ81 0.56 
ARP34 2.00 EAC91 0.90 EF71 1.50 EZ90 0.96 
ARP35 1.50 EAF42 1.40 EFBO 0.48 G1/371K 30.00 
AAP37 1.00 E841 2.30 EF83 3.50 G55/1K 8.00 
AU3 1.50 EB91 0.52 EF85 0.48 G120/1B 8.00 
836 1.85 EBC33 1.00 EF86 0.70 G150/20 4.00 
8729 1.20 EBC41 0.85 EF89 0.75 G1B0/2M 7.00 
BT58 33.00 EBCB1 0.85 EF91 1.22 GClOB 9.00 
BT17A 95.00 EBC89 0.85 EF92 5.00 GC100 9.00 
CBL31 2.00 E8C90 0.75 EF93 0.65 GC1048 9.00 
C1K t4.00 EBC91 0.75 EF94 0.55 GN4 4.00 
C3JA 10.00 EBFSO 0.55 EF95 0.78 GN10 15.00 
03A 30.00 E8F89 0.70 EF96 0.85 GN24 1.50 
OAC32 1.20 EC52 0.70 EF97 0.95 GR07 9.00 
OAF91 0.45 EC86 1.00 EF183 0.56 GS10C 12.00 
OAF96 0.65 ECBS 1.00 EF184 0.56 GTIC 13.50 
DC90 1.20 EC90 0.45 EF731 1.80 GU50 11.50 
OCX4/1000 EC91 3.00 EH90 0.65 GXU1 13.50 

5.00 EC92 0.80 EK90 0.85 GXU50 12.50 
00620 1.20 EC93 0.80 EL32 0.95 GY501 1.20 
OET10 6.00 ECC33 4.00 EL33 2.50 GZ30 0.85 
OF33 1.20 ECC40 2.30 EL34 1.54 GZ32 0.85 
OF91 0.45 ECC81 0.55 EL34 Mullard GZ33 3.25 
OF92 0.60 ECCB2 0.55 2.45 GZ34 2.00 
OF96 0.65 ECC83 0.60 EL36 1.80 GZ37 4.00 
OF97 1.50 ECC84 0.60 EL37 9.00 HL41 1.50 
OH63 2.20 ECC85 0.60 EL38 4.50 Hl42DD 2.00 
OH77 0.90 ECCBB 0.65 EL41 1.50 HL92 1.50 
OK91 0.90 ECC91 0.65 EL81 2.05 HL 133/00 1.50 
DK92 1.20 ECC1B9 0.78 ELB2 0.58 HPS 1.50 
OK96 1.00 ECCB03S 1.50 ELB4 0.60 HY90 1.00 
OL92 0.80 ECC804 0.40 EL85 3.85 KT6 1 3.50 
OL94 1.20 ECC807 1.30 ELSG 0.80 KT66 USA 4.95 
OL96 1.00 ECCB08 2.00 EL90 0.82 KT66 UK 9.00 
OLS10 9.00 ECFBO 0.85 EL91 6.00 KT77 5.00 
DLS16 10.00 ECF82 0.60 EL95 0.70 KT88 USA 8.00 
DM70 1.10 ECF86 1.50 EL360 9.00 KTSS UK 11.50 
OM160 1.50 ECF802 1.20 EL504 1.40 KTW61 1.50 
OY80 1.20 ECF804 6.00 EL509 2.60 L63 1.00 
DY86/87 0.55 ECF812 1.20 EL821 7.00 M8079 6.00 
OY802 0.80 ECH3 2.50 EL822 8.25 M8083 3.25 
E55L 14.00 ECH35 1.50 EM1 4.00 MB100 2.85 
E80CC 4.75 ECH42 1.00 EM4 4.00 M8137 2.85 
ESOF 6.25 ECH81 0.58 EMBO 0.70 M8162 3.85 

M8196 3.25 
M8225 1.20 
ME1400 4.00 
ME1402 4.50 

87G 0.15 ME1403 10.00 
B7G ME1501 14.00 

BZX61 0.'\5 Skirted 0.30 MH4 2.10 
BBG 0.70 MH41 2.10 

6V2 7V5 8V2 9V1 10V 11V 12V 13V 99A 0.15 MS49 5.00 
15V 16V 18V 20V 22V 24V 27V 30V B9A MU12 1.50 
33V 36V 39V 47V Skirted 0.30 MU14 1.60 

6106 0.16 N18 ~:~~ 8139 0.50 N78 
BZV880.07 8 Pin OIL 0.20 NR14 9.00 

14 Pin OIL 0.22 NR73 3.50 
2V7 3V 3V3 3V6 3V9 4V3 4V7 5V1 14 Pin DIL/0 NU3 1.50 
SVG 6V2 6V8 7V5 8V2 9V1 1 OV 11 V 0.30 NU17 1.50 
12V 13V 15V 18V 24V 27V 16 Pin OIL 0.30 1.50 

VALVE 0.80 
SCREENING 3.00 s 0.27 

BY176 0.85 OA95 0.06 
l:lY179 0.63 OA202 0.11 19 0.08 8Y199 0.28 IN914 0.03 02 0.17 BY206 0.14 IN4001 0.04 8A115 0.13 9Y208.BOO 0.33 IN4002 0.04 BA145 0.17 8Y21 0.800 0.33 IN4003 0.04 aA148 0.17 BY223 0.90 IN4004 0.05 

* BA154 0.08 BY298.400 0.22 IN4005 O.b!; BA155 0.13 BY299-800 0.22 IN4006 o.o!i ALL 
9A156 0.15 

BYX10 0.2b IN4007 0.06 O~DERS BAX1~ 0.04 BYXSS/600 IN4148 0.02 DESPATCH BAX16 0.06 
0.30 IN4448 0.10 881058 0.30 9YX71/SOO IN5401 0.12 SAME DAY ll8105G 11.30 
0.80 INS402 0.14 WHENEVER 8Y126 0.10 OA47 0.09 IN5403 0.12 POSSitlLE BY127 0.11 OA90 o.os 11\15404 0.12 BY133 0.15 OA91 O.Of; IN5405 0.13 * 
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BF194 0.11 BFX84 0.26 RCA16335 
BF195 0.11 8FX85 0.28 TIP29 0.40 0.70 TCA270S 1.10 BF196 0.11 8FX86 0.30 TIP29C 0.42 TBA120U 1.00 TCA270SO 8F197 0.11 8FX88 0.25 TIP30A 0.40 LA4400 4. 8 TBA395 1.50 1.10 8F198 0.10 8FY50 0.21 TIP30C 0.43 MC1327P 0.95 SL9178 T8A396 0.75 TCA800 2.1 5 8F199 0.14 8FY51 0.21 TIP31C 0.42 MC1330P 0.76 SL1310 TBA440N 2.55 TCA940 1.65 8F200 0.30 8FY52 0.25 TIP328 0.40 MC1349P 1.20 Sl1327 T8A4800 1.25 TDA440 2.20 8F241 0.15 8FY56 0.48 TIP32C 0.42 MC1350P 0.76 SL 13270 T8A510 1.65 TDA1004A 1.85 8F256 0.28 . 8FY90 o.n TIP338 0.55 MC1351P 1.00 SL1430 TBA5100 1.65 TDA1170 1.95 8F256/LC 0.28 8A100 0.19 TIP41C 0.45 MC1352P 1.00 SL1431 TBA520 1.10 TDA1190 2.15 8F257 0.28 8R101 0.30 TIP42C 0.47 MC1495 3.00 SL1432 1.37 T8A5200 1.10 TDA1327 1.70 8F258 0.25 8AC4443 0.85 TIP47 0.65 MC140118CP SN76003N .1.65 T8A530 1.10 TDA13270 8F259 0.28 0.29 TIP2955 0.84 0.32 AC76013N .1.15 TBA5300 1.10 1.70 8F271 0.26 8T106 1.00 TIP3055 0.66 MC140138CP AC76023N .1.15 T8A540 1.25 . TDA 13528 1.43 8F273 0.13 8T108 1.22 TIS91 0.20 0.70 SN6023N .. 1.45 T8A5400 1.35 TDA1412 0.85 8F336 0.34 BT116 1.20 2N2219 0.28 MC14049BCP SN76033N .1.65 T8A5500 1.45 TDA2020 2.45 BF337 0.29 8U105 1.22 2N2905 0.40 0.43 AC76033N .1.65 T8A5500/E TDA2030 2.80 BF338 0.32 BU108 1.89 2N3054 0.59 Ml231B 1.75 SN7611 ON .0.89 1.45 TDA2522 1.95 8F355 0.37 BU124 1.00 2N3055 0.59 ML2328 1.75 SN76131 N.1.30 T8A560C 1.45 TDA2523 1.95 8F362 0.38 BU126 1.22 2N3702 0.12 Ml236 5.35 SN76226ND T8A560CO TDA2530 1.54 8F363 0.31 8U204 1.55 2N3703 0.12 ML237 1.95 1.55 1.45 TDA2532 2.40 8F371 0.20 BU205 1.30 2N3704 0.12 ML238 4.20 SN76227N .1 .05 T8A570 1.00 TDA2540 2.15 BF394 0.19 8U208 1.39 2N3705 0.12 ML239 2.10 SN76532N .1.40 T8A720AO TOA2541 2.15 BF457 0.23 8U208A 1.52 2N3706 0.12 Ml920 4.12 SN76533N .1.30 2.45 TOA2560 2.15 BF458 0.23 8U208/02 1.89 2N3708 0.12 ML922 3.29 SN76544N .1.30 T8A750 1.85 TDA2581 1.25 8F459 0.38 8U326A 1.42 2N5294 0.38 ML926 1.65 SN76650N .1.05 TBA 7500 1.85 TDA2590 2.95 BF595 0.23 BU407 1.24 2N5296 0.48 ML928 J:ro SN76660N .0.80 T8A800 0.89 TDA2591 2.95 BF597 0.25 BU500 1.75 2N5298 0.52 SAA1025 SN76666N .0. 70 T8A810S 1.35 TDA2593 2.95 BF639 0.28 MRF477 10.00 2N5496 0.66 SAA1124 5.00 SW153 2.74 TBA810AS TDA2600 2.95 8FR39 0.23 MJ3000 1.98 2N6107 0.68 SAS560S 1.80 TA7205AP .1.95 1.35 TDA2611A 1.95 8FR40 0.28 MJE340 0.40 2SC1172Y 2.20 SAS570S 1.80 TAA550 0.25 TBA820 1.45 TOA2640 2.50 BFR41 0.28 MJE520 0.48 2SC1306 1.25 SASSBOS 2.85 TAA570 1.80 T8A920 1.65 lOA2690 1.35 8FR79 0.28 R20088 1.70 2SC1307 1.85 SAS590S 2.85 TAA6618 1.20 T8A9200 1.65 TDA3950 2.50 BFR80 0.28 R20108 1.70 Sl480 1.40 TAA700 1.70 TBA950-2X UPC566H 2.95 8FR81 0.28 R2322 0.58 T8A120B 0.70 2.35 BFT42 0.28 R2323 0.66 TBA990 1.49 8FT43 0.27 R2540 *NEW TO THE RANGE* TBA120S 0.70 

TBA9900 1.49 2.48 T8A120AS0.70 VA1104 0.52 8FW92 R25404 2.80 UPC57C2 2.95 
2SA715 0.95 MB3712 2.50 

T8A120SB 0.70 
UPC1025 VA8650 0.45 

OC3 2SC495 0.80 MRF450A 11.50 
0.60 20P4 1.05 2SC1096 0.80 TA7130 1.50 6SA7GT 1.00 003 13.95 2SC2029 1.80 TA7204 2.15 6806GA 2.00 6SH7 1.50 . 20P5 1.15 OM4 1.00 OQZ06-40A AN2140 2.50 TA7222 1.80 6807A 0.72 6SK7 0.80 30 2.85 OMSB 3.80 45.25 AN240 2.80 TA7310 1.80 6BL8 0.65 6SL7GT 0.72 30C15 0.40 OMS 2.00 OS150/45 7.00 LA4031P 2.70 UPC1156H 2.15 6BA7 3.75 6SN7GT 0.69 30C17 0.40 PABCBO 0.50 OS1200 3.15 6BRBA 1.20 6SS7 1.50 30FS 0.95 PC !IS 0.80 OS1209 1.50 

3.00 
6BS7 3.30 6U56 1.80 30FL1 0.95 PC88 0.80 0$1212 320 UCH21 1.20 2A3 68S8 1.88 GUS 0.60 30FL2 0.95 PC92 0.85 OV03-12 3.50 UCH41 1.20 2AS15A 11.00 6BU6 2.00 6V6GT 0.90 30FL12 1.10 PC97 0.95 OV05-25 1.75 UCH42 1.20 2C39A 19.00 6BU8 1.15 6W4GT 1.00 30FL 14 1.85 PC900 0.85 OY3-125 30.50 UCH81 0.65 2C51 0.80 68W4 1.30 6X4 0.80 30PL 13 0.80 PCC84 0.45 QY4-250 52.15 UCL82 0.76 287 1.50 6BW6 4.50 6X5GT 0.60 30PL14 2.25 PCC85 0.54 OY4·400 80.85 UF41 1.15 2021 0.95 6BW7 0.75 787 1.40 35A5 1.20 PCC88 0.80 OY5-500 99.00 UF42 1.15 2021W 2.00 6BW8 4.00 706 1.40 35W4 0.70 PCC89 0.80 Rl 1.50 UF80 0.80 2K25 10.00 6BX7GT 2.00 7H7 1.50 35Z3 1.85 PCC189 0.80 R2 1.50 UF86 1.10 3A/147J 7.50 6BZ6 2.00 7S7 2.00 40KD6 2.80 PCC806 0.80 R3 1.50 UF89 1.10 3A/167M 10.00 68ZB 0.95 7Y4 1.00 41 0.80 PCE82 0.80 R10 4.00 UL41 1.85 3A2 3.00 6C4 0.45 808 2.75 431U 1.25 PCF80 0.70 R12 0.80· UL84 0.78 3A3A 3.00 6C6 0.50 8F07 0.75 sacs 0.95 PCFB2 0.80 R16 12.00· UU5 1.50 3A4 0.60 6C8G 1.25 9BW6 1.20 50CD6G 1.15 PCF84 0.85 R17 2.00, UU6 3.50 3AW2 3.35 6C11 2.50 10C1 5.50 52KU 0.85 PCF86 1.20 RIB 8.00 UU7 3.75 3828 5.00 6C15 . 2.50 10C2 0.70 57 0.85 PCF87 0.40 R19 1.20 UUB 3.75 306 0.50 6C18 2.50 1002 1.25 75C1 1.20 PCF200 1.35 R20 1.20 UY1N 0.90 3W4GT 2.50 6C31 1.50 10F1 0.75 80 1.40 PCF201 1.35 RG1-125 3.50 UY85 0.70 4-125A 35.00 6CB5 1.50 10F9 0.75 84 0.85 PCF800 o:40 RG1-240A UY224 2.50 4-250A 38.00 6CB6 1.50 10F18 0.611 85A1 5.40 PCF801 0.92 11 .75 V914 2.00 4-400A 40.00 6CD6GA 4.00 10GK6 1.95 BSA2 1.20 PCF802 0.72 RG3-250A VLS631 13.00 4CX2508 26.80 6CF6 1.50 10P14 2.50 89 1.20 PCF805 1.80 11.75 VP41 1.50 4CX350A 39.00 6CGBA 1.00 11E2 15.50 90C1 1.69 PCFB06 0.80 AG4-1000 VP133 2.00 5A-170K 5.25 6CH6 7.00 12A4 2.50 90CG 10.85 PCF808 1.48 10.00 VR75/30 3.00 5A/206K 9.00 6CL6 1.50 12AC6 0.80 92AG 9.00 PCH200 1.10 RK-20A 12.00 VR101 1.50 58-254M 14.50 6CZ5 2.00 12AD6 0.80 92AV 9.00. PCL81 0.60 RPL16 12.00 VR102 1.50 5B·255M 14.50 6DC6 2.00 12AE6 0.8$ 15082 1.50 PCL82 0.74 RR3·1250 VR105/30 1.05 506 4.00 6DW4 1.20 12AG8 1.51J 15083 3.90 PCL83 2.00 65.00 VR150/30 1.15 5021 15.50 SEAS 0.80 12AH7GT 0.85 150C4 1.50 PCL84 0.76 RV120/350 VT25 5.00 5022 38.00 6F1 2.00 12AH8 5.50 155UG 25.00 PCL85 0.80 1.50 VT120 1.15 5R4G8 2.00 6F6G 2.00 12AT6 0.5t 185BT 1.50 PCL86 0.76 SllA 1.50 VT138 4.25 5U4G 0.85 6F8G 1.50 12AT7 0.55 257A 6.00 PCL200 1.80 S130 2.50 VU39 1.50 5U4GB 1.50 6F12 1.30 12AT7WA 1.50 408A 4.00 PCL805 0.80 S130P 3.00 VX6120 5.00 5V4G O.S5· 6F14 1.00 12AU6 0.80 708A 5.00 P0500 2.95 SP41 4.00 VX9133 5.00 5Z4G 0.85 6F22 0.70 12AU7 0.55 715A 6.00 PEN4DO 1.50 SP42 2.50 W25 0.65 6/30L2 0.70 6F23 0.48 12AV6 0.80 715C 15.50 PEN25 1.50 STV2B0/40 W6·1 1.50 6A/203K 9.00 6F24 1.25 121\X7 0.55 717A 1.50 PEN45 1.80 8.00 W63 0.70 6A6 1.50 6F25 1.25 12AX7WA 1.50 801A 2.00 PEN46 1.60 STV280/80 W77 5.00 6A8G 1.50 6F26 0.48 12AY7 4.00 ,803 16.00 PENA4 2.50 23.00 W107 0.70 6A87 0.80 6F28 1.25 12AZ7A 1.50 ' 807 1.09 PFL200 1.13 T41 2.00 W142 1.15 6A88 0.66 6F33 8.50 1284A 1.60 808 3.00 PL33 0.75 TP25 1.50 W147 2.00 6AC7 1.00 6FG5 1.50 12BA6 0.75 811A 9.00 Pl36 1.05 TI11 1.50 W727 0.85 6AF4A 1.20 6FH5 1.50 12BE6 1.05 813 11.30 Pl81A 0.74 TI21 14.50 W729 1.00 6AG7 1.20 6FN5 1.50 12BH7 0.95 833A 47.85 PL82 0.60 TY2·125A X24 1.00 6AH6 1.00 6FL2 1.50 12BL6 0.70 845 8.00 PL83 0.52 45.00 X65 0.85 6AJ7 1.00 6GHBA 0.80 12C8GT 0.70 866A 3.00 PLB4 0.85. TY4-350 90.00 X66 0.85 6AK6 2.00 6GK5 1.00 12E1 16.50 868 5.00 PL500 1.12 TY4-500A X719 0.58 6AL5 0.52 6GK6 1.00 12GN7 3.25 885 2.00 PL504 1.20 41 .50 XG5-500 19.50 6AM4 2.50 6H2N 0.70 12HG7A 3.25 954 0.50 PL508 1.48 U10 1.50 XR1 ·1600A 6AM5 6.00 6H3N 0.70 12J5GT 0.48 955 0.60 PL509 2.30 U15 1.50 29.00 6AM6 1.30 6H6 1.00 12J7GT 0.70 958A 0.90 Pl519 2.80 U17 1.50 XR1·6400A 6AN5 2.00 6HF5 4.50 12K5 1.00 1299A 0.80 Pl802 2.50 U18-20 2.00 128.00 6ANBA 2.50 6HG8 1.50 12K7GT g:~ 

2050A 3.90 PL820 3.00 U19 11 .95 Yl1020 29.00 6A05 0.82 6HZ6 1.00 1207GT 4212E 230.00 PT4 4.00 U22 1.00 Yl1060 15.00 6AS5 1.50 6J5GT 0.75 12SA7GT 1.00 5557 19.50 PT15 4.50 U25 0.68 263 1.00 6AS6 3.50 6J6 0.55 12SJ7 0.60 5636 3.00 PY31 0.80 U26 0.90 Z77 1.20 6AS7G 4.50 6J7 0.70 12SL7 1.50 5642 5.00 PY32 0.60 U37 12.00 2303C 9.00 6AT6 0.80 6J7GT 1.00 1 2SN7GT 1.85 5651 1.75 PY33 0.80. U41 0.70 • Z502C 12.00 6AVSGTA 1.50 6JE6 2.10 12SR7 0.70 5670 3.50 PY81 0.66 U191 0.70 25045 13.50 MUS 0.55 6JS6C 2.55 12U7 t.50 5687 8.t5 PY82 0.55' U193 0.65 Z700U 1.00 6AV6 0.72 6K4N 1.00 12Y4 0.60 5696 2.55 . PYB3 0.70 U281 1.00 2749 0.48 6AW8A 2.50 6K7 0.70 1303 3.20 5718 3.50 PY88 0.74 U282 1.00 Z759 9.00 6AZ8 1.80 6KD6 3.95 1307 3.20 5725 3.50 PYSOOA 1.35 U291 0.80 Z803U 12.50 6810 ·2.so 6L1 2.50 1308 3.20 5726 1.50 PYBOO 0.85 U301 0.80 ZC1040 8.00 GBAG 0.50 6L6GC 1.75 14S7 1.00 5727 2.00 PYB01 0.65 U309 0.80 ZM1001 5.00 68A7 3.75 6L6GT 1.10 1502 1.00 5749 2.00 PZ30 0.60 UB01 0.80 ZM1020 4.00 GBABA 3.50 6L7 0.55 17J2B 1.60 5751 1.50 093-300 30.50 UABCBO 0.85 lACS 1.20 68E6 0.50 6L 15 1.50 1803 1.60 5763 3.20 OE03·10 3.20 UAF42 1.00 183GT 1.00 6806 1.00 6L 17 1.50 19A05 0.70 5814A 2.75 OP25 1.00 UBC81 1.00 185 2.50 6BH6 1.80 6L18 0.60 20A2 4.00 5842 6.50 OOE06·40 U9F80 0.60 105 1.00 61iiJ6 1.05 6L03 0.85 2001 0.70 6080 4.20 13.95 · UBF89 0.80 15G 1.00 6BK4 2.75 6L020 0.80 2004 1.75 6080WA 6.00 QQV02·6 10.50 UBL21 1.20 1L6 1.50 6BN4 1.25 GP1 0.60 20F2 0.75 6146 4.20 OOV03-10 2.50 UC92 0.80 1LA6 1.00 6BN6 1.30 6P15 0.80 20L1 0.95 6146A 4.45 QQV03-20A UCC84 0.70 1U5 1.00 6BN7 3.50 6P25 · 2.50 0.55 61468 4.45 0.60 1X2B 1.15 6BN8 0.85 6P28 7360 7.50 

Many other items available s Please phone qr send list for quote 

CALLERS WELCOME In eve 25/30/32 7.80 PH ILIPS GB 9.00 
PHILIPS G9 7.35 PHILIPS G11 12.50 * Entrance on * Hours PYE S91/693 13.50 

Mon.-Fri. 9.30-5.30 PYE 731 10.1S Wrothall'l Rd. (A227) RANKT20A 10.80 Satu rday 9.30-12.00 THORN 8000 9.00 Near Meopham Sth. THORN 8600 10.00 
P. & P. SOp. Please add V.A.T. at 15% fHOfiN 9000 8.00 

MAINS TRAIIISFO~MI:RS 
iHORN 3000/3500 10.00 

* 24·HOUR ANSAPHONf: SERVICE * WW- 046 FOR FURTHER DETAILS 
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TRANSCENDENT 2000 single-board synthesizer 

Compfeie Kit £168.50 
Designed by consultant Tim Orr 
(formerly synthesizer designer for . 
EMS Ltd.) and featured as a con
structional article in ETI, this live 
performance synthesizer is a 3-oc
tave instrument transposable 2 oc
taves up or down giving sweep 
control, a noise generator and an 
ADSR envelope shaper. There is 
also a slow oscillator, a new pitch 
detector, ADSR repeat, sampe and 
hold, and special circuitry with 
precision components to ensure 
tuninlj stability amongst its many 
features. 

The kit includes fully-finished metalwork, fully assembled solid teak cabinet, filter sweep 
pedal, professional quality components (all resistors either 2% metal oxide ~r V2% metal 
film), and it really is complete - right down to the last nut and bolt and last p1ece of w~re! 

There is even a 13A plug in the kit - you need buy absolutely no more parts before . 

plugging in and making great music! Virtually all the components are on the one profes
sional quality fibreglass PCB printed with component locations. All the controls mount -

directly on the main board, all connections to the bqard are made with connector plugs 
and construction is so simple it can be built in a few evenings by almost anyone capable of 
neat soldering! When finished you will possess a synthesizer comparable in performam;e 

and quality with ready-built units selling for many times the price. 

Comprehensive handbook fully describes construction and tells yo~ how to set up your 

synthesiz,er with nothing more elaborate than a multi-meter and a pa1r of ears! 

The Transcendent DPX is a really versa
·tile 5 octave keyboard instrument. These 
.are two audio outputs which can be 
used simultaneously. On the first there 
is a beautiful harpsichord or reed sound 
- fully polyphonic, i.e. you can play 
chords with as many notes as you like. 
On the second output there is a wide 
range of different voices, still fully 
polyphonic. It can be a straightforward 
piano or a hanky tonk piano or even a 
mixture of the two! Alternatively you 
can play strings over the whole range of 
the keyboard or brass over the whole . _ . 
range of the keyboard or should you prete·r - strings on the top of the keyboard and brass 
on the lower end (the keyboard is electronically split after the first two octaves) or vice 

versa or even a combination of strings and brass sounds simultaneously. And on all 

voices you can switch in circuitry to make the keyboard touch sensitive! The harder you . 
press down a key the louder it sounds - just like an acoustic piano. The digitally 

controlled multiplexed system makes practical touch sensitivity with the complex dyna

mics law necessary for a high degree of realism. There. is a master volume and tone 

control, a se'parate. control for fhe hr-ass sounds ancraTS-ci -a vib-ratoCTrc-ulf wlffi 

WIRELESS WORLD AUGUST 1981 

TRANSCENDENTPOLVSYNTH 
expandable .Polyphonic synthesi.zer 

ComPsiln~~~v~~!,£320 
Plug-in extra voices £52 (or £48 

- if ordered with kit) 

By brilliant design work and the use of 

~~Y:s;~thh~rl~~~Yt~~~Pr~~~h~f ~~~ 
home constructor a machine whose 
versatility and range of sounds is 
matched only by ready-built equip
ment costing thousands of pounds. 

.Designed by synthesizer expert Tim 
Orr and published in Electronics To
day International, this latest addition 
to the famous Transcendent family is 
a 4-octave transposable over 71J2 oc
taves) polyphonic synthesizer with internally up to 4 voices· making it possible to play simultaneously up to 4 
notes, whereas conventional synthesizers handle only one at a time. 

The basic instr'ument is suppli:d with 1 voice and up to 3 more may be plug.ged in. A further'4 v~·ices may be 

added by connecting to an expander unit, the metalwork and woodwork of which is designed for side-by· 

~g;~~';~2j :~a tCV(~~~~~r~~u~n~~~o~~~~~ ~~~~:g~s ~~~~g~~~ ."JP~~~~~!rv~~c~s;~~;;r~t~r~ a~;c?~e~ 
suitable for modular systems). One of these voices is automatically allocated to a key as it is operated. There 
are separate tuning controls for each VCO of each voice. All other controls are common to all the voices for ; 

?ase of control and to ensure consistency between the voices. • ' 

!'~rc0hu~: !~~~i~g:;n a~:~~c~~n~!~:~~~.i~~~~~~~~~~. ~~~h~2~a~~~;t'.:'ds~~~~h~i~~i~~n~~~
1rd"~rmg.;..it'h';c0J . 

mounted plugs and sockets. The kit includes fully finished metalwork, solid teak cabine), professional 

quality components {resistors 2% metal oxide or metal film of 0.5% and 0.1%), nuts, bolts, etc. 

variable depth control together with a 
·variable delay control so that the vibrato 
· comes in only after waiting a short time 
after the note is struck for even more 

. realistic string sounds. , 
To add interest to the sounds and make 
them more natural there is a chorus/en-

. semble unit which is a complex phasing 
system using ceo (charge coupled de- . 
vice) analogue delay lines. The overall 
effect of this is similar to that of several 
acoustic instruments playing the same 
piece of music. The ensemble circuitry 
can be switched in with either strong or 
mild effects, _ _ _ _ . . . . -· __ _ 

Although the DPX is an advanced design using a very large amount of circuitry, much of it 
very sophisticated, the kit is mechanically extremely simple with excellent access to all the 

circuit boards which interconnect with multiway connectors, just four of which are re
moved to separate the keyboard circuitry and the panel circuitry from the main circuitry in 
the cabinet. 
The kit includes fully finished metalwork, solid teak cabinet, professional quality com

ponents .(a_ll resistors 2% metal oxide), nuts,.bolts, even a 13A plug! 

PORTWAY INDUSTRIAL EST. 
ANDOVER, HANTS, SP10 3MM POWERTRAN Our Catalogue is FREE! 

Write or phone now! 
ANDOVER (0264) 64455 

WORLD LEADERS IN 
ELECTRONIC KITS 

DE LUXE LINSLEY HOOD . 75W STEREO AMPLIFIER 

Complete Kit 

£85 
T20 :+- 2020W STEREOAMPLIFIER £33.10 

This easy--to-bu ild version of our world-wide accl~imed 75'W amplifier kit based upon circuit iioards interconnected with gold 

plated contacts resulting in minimal wiring and construction del ightfully straightforward. The design was published in Hi-Fi 

News and Record Review and features include rumble filter, variable scratch filter, versatile tone controls and tapa monitoring 

whil~ distortion is less than 0.01%. 

-··-- -- ·- ------ --.. 

1MPA 200 100W. (rm~ into 8 ohms) MIXER/AMPLIFIER 
COMPLETE KIT 

£49.90 
Featured as a con
structional article in 
ETI, the MPA 200 is an 
exceptionally low 
priced - but profes
sionally finished -
general purpose high 

power amplifier. it features adaptable input mixer which a~cepts a wider range· 6T sou·rces" s,uch as 

microphone, guitar, etc. There are wide ran11e tone controls and a master volume control. Mechanically the 
MPA 200 is simplicity itself with minimal winng needed making construction very straightforward. 
The kit includes fully finished metalwork, fibreglass PCBs, controls, wire, etc - complete down to the last 

nutaRd bolt. • 

NEW KITS! 
Prowammed from a synthesizer, our latest 
des1gn to be featured in ELECTRONICS TO
DAY INTERNATIONAL, the 1024 COM
POSER controls the synth. with a sequence 

~~~~e;0s~~~!n~~~e5e .~~ ~~a~Te, ~"n';;t~~r ~r 
with programmable note length . In addition 
a rest or series of rests can be entered . It is 
mains powered but an automatically trickle 
charged Nickel-Cadmium battery supply ing 
the memory, preserves the program after 
switch off. The kit includes ful ly finished 
metalwork, fibreglass PCB, controls. w ire, 
etc. - Complete down to the last nut and 
bolt I 

1 024 COMPOSER 
Complete Kit £89.50 

PRICE STABILITY: Order with 1 ! Irrespective of any price 
changes we will honour all prices in this advertisement Ul'\lil 
September 30, 1981, if this month's advertisement is mentioned 
with your order. Errors and VAT rate change excluded. 

COMPLETE KIT 

£64.90 

The power amplifier section 
of the MPA 200 has proved 
not only very economical 
but very rugged and reliable 

. ~~ Jp~~e~~wa~~~i~~r ~~~~ 

SP2-200 2-CHANNEL 10oW. AMPLIFER 

• .~~·- ~~- ,·:::.<> • m-• : .• ~ """""" il , ...... , :. .•. \ : fiiiiiJilHM . ~ . '·' . ' . 
tion powered by separate 
power supplies fad from a common toroidal transformer. Input sensitivity is 775mV. 
Even simultaneously driven, each channel delivers over 100W rms into 8 ohms. The kit includes 
fully finished metalwork, fibreglass PCBs, controls, wire, etc. - complete down to the last nut and 
bolt! · · · · 

DJ90 DiSCO SYSTEM - READ ALL ABOUT IT! 
in Electronics Today International July/August issue 

V.A.T. NOT ~NCLUDED IN PRICES 

NO charge is 

SECURICOR DELIVERY: For this optional service (U .K. mainland 
on ly) add £2.50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory . 
Call at Sales Counter. Open 9 a.m . to 12 noon, 1 to 4.30 p.m . 
Mondey to Thursday. 1 
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QUALITY CB 
ACCESSORIES 

FROM STRUTT LTD 
SHURE MICROPHONES 

CB42 CB43 CB45 

£16.10 £17.12 £21.10 

K40 ANTENNA £26.99 
TRADE INQUIRIES WELCOME 

3d Barley St 
Tavistock 
Devon. Tel. Tavistock 5865 
Bognar Regis 828473 

'CHANNEL MASTER 
MODEL5050 
GOLDEN HAWK 
BASE ANTENNA 

£29.99 

WW - 055 FOR FURTHER DETAILS 

Type 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 
CPR1X 
MC1X 
X02/3 

£OODlJ --------...... 103 

1N4148 Diodes ~ L.E.D.s .125 and .2. 
1+ 100+ 1000+ RED 1:8 100+ 1000+ 

.02 .016 .013 Y. or G. :11 :~g9 :g;s 

Spin 
14pin 
16 pin 
18 pin 
20pin 
22pin 
24pin 
28pin 
40pin 

CARBON FILM 
RESISTORS 
~12 SERIES 

• 
P~ices per ~00. Larger and 
Mtxed. Quanttty prices available. 

100 off one type 
500 off one type 

1000 off one type 

.25W.5W 
.70 .90 
.62 .78 
.54 .68 

LOW PROFILE I.C. SOCKETS 
TEXAS SCAN BE 

1+ 1oo+ 500+ 1+ 100+ 1000+ 
.075 .068 .06 .059 .. 049 .044 
.09 .082 .073 .082 .07 .064 
.10 .096 .085 .091 .078 .07 
.125 .113 .10 .104 .089 .081 
.14 .126 .113 .12 .10 .092 
.15 .135 .12 .143 .122 '111 
.15 .135 .12 .146 .132 .116 
.16 .145 .125 .155 .14 .12 
.24 .215 .19 .23 .195 .176 

Please add £1.50 handling charge and 15% V.A.T. 

We also stock Microprocessors, CMOS, TTL, Transistors, Capacitors, Potentio
!)'l~t~rs, Connectors, etc. Free catalogue available to trade customers only E 
qumes welcome. . · n-

Harrison Bros. 
Electronic Distributors 

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

Tel: Southend-on-Sea (0702) 32338 

S/N Sensitivity THD ltypl FRI- 3dBl Size 
110dB 775mV 0.0035% 1.5Hz-50KHz 80-120-25 
110dB 775mV 0.0035% 1.5Hz-50KHZ 80-120-25 
110dB 775mV 0.0035% 1.5HZ-50KHz 80-120- 25 
110dB 775mV 0.0035% 1.5HZ-50KHZ 80-120-25 
110dB 775mV 0.0035% 1.5HZ-50KHz 80-120-25 
110dB 775mV 0.008 % 1.5Hz- 50KHz 161-102-35 
70dB 2.8mV 0 008 % 10Hz -50KHz 138- 80-3,S 
65dB 70/150uV 0.008 % 10Hz -50KHz 80-120- 35 
90dB 77SmV 0.01 % Preset 150- 50-20 

*Power output is quoted in WRMS and is given for two modules ff th · · 
one module oer PSU or if using a stabilised power supply. 0 e same power supply. Higher powers can be obtained if using our dual power supplies or 

Power amp modules 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE3004 

Pre amp modules 
CPR1X 
MC1X 
REG1 
TR6 

£21.00 
£24.50 
£27.50 
£35.00 
£35.00 
£49.00 

The Crimson range of amplifier modules are built to very h'gh t d d · 

reputation in every field to which they have been applie~. T~e a~oaa;dss ;~~~~~~~ar~e~ an ed,,tvtable 
<guaranteed for two years> and can be used to advant h . . . .V Ul an ested 
The power amplifier modules range from 60WRMS to ~~g~R~~e h~~h quality ampliftcatton 1s required. 

mode. All feature substantial heatsink brackets whic WI up to twice thiS amount m bndge 

g~~sodnfpurbpose designed types. Input sensitivity is s~tc;t7~~~~~~~~ ~~!~~ ~~~~b~~~~~~fr~~~n°(s ~~~ 
re or Y one of the three Cnmson toroidal power supplies Th p IT · 

basi~ally a phono amplifier with sophisticated circuitry incorporating ~~A~e~~~~i~~rro~~?su6~~c~~~r~ 
~~~~~i~~~ a~g~~~c~~~0~0f~r~~~~~~~Ci~~nfo~fst A separate module <MC1l is also available and giCes the 

potentiometers for volume and .balance, switch~~io~~r~~~?/bsutf~~e;~~~a ~~~~~t~~n~ 1r~~~~e~,;~; 
~g~~f~ ~~~~gcg~~~~~~1t:~~-~~~ ~~~6~P· ~~~ttehdeelec11ttroniC crossover modules X02/X03 which,~ith a 

m a ypes of acttve speaker systems. 

Power supply modules Heatsinks' 
CJ'S80 £26.24 Hs 50 
CPS80D £31.77 HS100 
CPS150 £29 74 HS 50 
CPS150D £36:40 FM1 
CPS250 £36.83 FM2 
CPS250D £45.34 

£ 1.84 
All prices include VAT. Please add £1.10 for orders up 
to £20.00, £2.50 up to £50 and £2.65£50 and over. 

£ 2.99 To allow for post and packing !UK only>. 
£ 4.20 
£36.95 Export-No problem. Please write for 
£41 .52 quotation or quote your Visa 1 Master-

Charge card number. 

£36.00 Active crossovers Hardware 
Pre-amp 
PowE)ramp 
Thermal cut-out 

£32.00 X02 
£ 9.30 X03 
f: 3.30 MU1 

£20.00 
£30.00 
£ ~60 

£39.80 
£38.80 
£ 2.21 

. . ~\'0 
~ 
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BY ORDER OF B. BAMBER ELECTRONICS & OTHERS 

SALE BY AUCTION 
TO BE SOLD BY 

ANGLIA INDUSTRIAL AUCTIONS 
SPECIALIST AUCTIONEERS TO THE RADIO AND ELECTRONICS INDUSTRY 

LOTS -INCLUDE: 
Resistors, capacitors, pots, connectors, switches, diecast boxes, plastic project boxes, 
vero board, transformers, relays, bulbs and neons, tools, transistors, valves, panel meters, 
digital watches, calculators, car radio speakers, intercom units, multimeters, cable, test 
equipment, radio telephones and spares, amateur radio transceivers, Weller spares, and 

two Ford Transit vans. Over 900 lots. Catalogues available 

TO BE HELD ON WEDNESDAY, 12th AUGUST, 1981 

ON THE PREMISES OF 

B. BAMBER ELECTRONICS 
5 STATION ROAD 

LITTLEPORT 
CAMBS. CB6 1QE 

TEL: ELY (0353) 860185 

WW - 056 FOR FURTHER DETAILS 

. -~(U/WfHt'$ 
~ t (ELECTRONICS) LTD •• 

SPECIAL OFFER OF HIGH GRADE EX-tOMPU- HT TRANSFORMERS AC WKG BLOCK CAPACITORS 
TER AUTO TRANSFORMERS Conservatively Fraction of maker's price. All primaries 230- BY FAMOUS MANUFACTURERS 
rated by famous makers, perfect condition, 240V, Parmeko potted type 500-0-500V 120 "MFD AC Volts wkg. Price 
fraction of list price Open frame construction ~~0_6.3V SA, 6.3V 3A. SV 2A, £10.95. Carr. g:~~ .ugo ~:: 

W/5.m-i125~13&S~g~si1~~0':"284~~2~8.Se~~: 40o-Joo-o-Joo-40ov 250 MIA, 6.sv SA, 6.6v 1.75 370 £1.uo 

Carr. £4. 3000 watts £39.50. Carr. £4. 500 watt 5~·8~3t:~:~p~~r~-~O~gOOV 150 M/A and ~:~ + 0.1 m ~t= 

9 & 10 CHAPEL ST., LONDON, NW1 
01-723 7851 01-262 5125 
ADJACENT TO EDGWARE ROAD MET. UNE STATION 

tapped 0-90-115-125-200-210-230-240-250 205V 60 M/A, 6_3v SA, 6_3v 1A, SV 2A £8. P&P 
3 

440 £1.00 
~&~s£:2~onservatively rated 500 watts £8.75. £2_ 

4 250 
£1.00 

1-LA-TE_S_T_P_U_RC_H_A_SE-.-C-O_M_P_U_TE_R_G_RA_D_E_l_T-i ~~oSg~350V 80 MIA, S.3V JA, 5V 2A £4.7S, P&P ~-5 ~g g~ 
TRANSFORMERS. Conservatively rated. All ~iOs~-100 MIA 6.3V 4.5A, 15V 1.2A £4, P&P 15 P&Pup:;g_5MFD25p £3.00 

'Type 
1 
2 
3 
4 
5 
6 

7 
8 
9 

10 

11 
12 
13 

14 
15 
15 
17 
18 

.PLEASE ADD 15% '((;'AU OitDERS INC: 'CA:#ifC, 
CURRENT RANGE OF NEW L.T. TRANSFORMERS 

Of'EN TYf'E TAO CONNECTIONS 
ALL PRIMA.,IES22~-2_40v 

Sec Taps Amps Prtce ~~r~o~ 24-30-40-48-60v 12 £38.50 
24-30-40-48-SOv 10 £31.50 £2.00 
24-30-40-48-SOv 8 £27.50 £1 .75 
24-30-40-48-SOv 5 £18.75 £1.75 
24-30-40-48-SOv 3 £11.50 £1.25 
24-30-4Q-48-60v 2 . .£7 .50 

6-B-1 Q-12-16-18-20-24-36-40-48-sov 
Eqs_ 

CAN. I\E OBTNNED FROM THEA80VE RANGE 

19-25-33-40-SOv 10 £~7.80 £2.00 
19-25-33-40-50v 6 £11.50 £1.75 
19-25-33-40-SOv 3 £1.25 £1 .25 
1!i-25-33-40-50v 2 • t;? .711 £1.25 

5-7-8-10-13-15-17-20-25-30-40-SOv 
OR 25-0-25v OR 20-0-20v CAN BE 

OBTAINED FROM THE ABOVE RANGE 

12-15-20-25-JOv 10 £18.50 £1.75 
12-15-20-25-JOv 5 £10.&0 £1 50 
12-15-20-25-JOv 2 _.u.n 

3-4-5-6-8-9-1 Q-12-i S-1 B-20-24-30v 
£1.25 

OR 12-Q-1 2v OR 15-0-15v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

12-24v 1 2v 60A. 24v 30A £31.10 £3.50 
12-24v 1 2v 30A. 24v 1 5A £11.50 £2.00 
12-24v 12v 20A, 24v 1 OA £111.21 £2.00 
12-24v 12v 10A, 24v 5A £8.75 £1.50 
12-24v 12v 4A, 24v 2A · £4.25 

~~:r'f~~~~0/f1Vse~~~a~eS'!vi~d~~~s~ 0£i.iri. 170V 40 M/A 6 3V 3 3A£3 P&P£1 25 2 7 15 MFD50p 
P&P £2. c Core Type J70-3s0-41 ov'e M/ A £2, P&P 75p. 1--~~oc-·~w=K,;G~-Bl;,.·.;,;Oc;,;~;,;;K;.;;CAP;.,:;,:A!::.C"'IT""'o""R""s,........,...--t 
~t 2 sec. tapped 26-31-36V, 11.2A £12. P&P 1~2_5_o-_o_-z_5o_v_5_o_M_I_A_s_.J_v_1_.5_A_£3_._so_.:-P&_P...,...£1_. -:-1 ~s~Jgc~~GDis:.'~~~ J~C 5~w~~tP. 

~~: ! ::~: ~~ ~! ::~U~~ ~~ :~g: Potted types 100 L~~~~~E£~.50, P&P £2. 130 P&P 35p, 2 MFD 600V DC WKG SOp, 1 _MFD 
No. 5 sec. 24V 2A £2.75. P&P £1.25. M/H 1.15A £2.50, P&P £1.50. Open types 4.2 aoov D~~:~a~C:r2op per cap postage. 

:.sg_ ~etp f,·~g_-27 .5V 1.2A and 7-0-7V 0. 75A ~~.~0, 1 ~~l~2~\ttjH£1.~~ it.~o.M~~p 1t_:. 1-,--P.,..A-RiwE"'- ~K..,._O_, .. ..,.o""lilPur=--~- - -=--=l'RAN=--=-=SFORME=""""""'RS..,..--1 
No. 7 12.6V 6A C Core £5.50. P&P £1.25. Other types up to 40 amps available. Let us 10 watts, PRI8000fl ct. Sec. 4-8-16!1 for 2 EL84 

~~: ~ 1 ~~ ~! ~-~~~~N1~.50. P&P £1.25. 1_k_n_ow--'-y_ou_r_re_q.,..u_ire_m_e_n_ts_. ______ 
1 
~~~~g~ ·Ffr~1!1r~ulb~~~~eJeoi:~r!~~~~,:O~:, 

No. 10 sec. 29-28-27-0-27-28-29V 350 MIA "C" PARMEKO HTCHOKES type MRT/3 7 watts m&JI. DC60 M/A2/3fl 7.50 
~~re1 ~~=:~ ~-i-0_7_ 1 ov 0_6A and 29_21 _0_21 _ jgg;i;Z~s7~ 5~t~£~11~~4;~· ~rl' iU~~ 150. Data sheet supplied £2.25.P&P 75p. 
29v o.37 A £3. P&P £1. £1-50· soH 5o Mt A £1-50• P&P £1. 15H ni M/ A I---H-1"""a-H~G~IiA.,... ·-..,.DE~i'R~--~IC~ic=-i.~.c=c=ii-=A=RG=-e=R~- -s~- --1 

£1.50, P&P £1. 50H 25 M/A £1.50, P&P £1. Input 240v AC. Output 12v DC 2 Amps. With 
HEAVY DUTY lTCCORE ~&~n~~~~0~Yt~c~~e ~~~~~H 128~ ~t g:~:: mains lead. Red and black battery leads w1th 

PRI 110-220~~S~~cR~~~S40A £22.50. P&P £2. Open types 25H 60 M/A £2, P&P £1. att~lc~~u~~i~s . ~~e~r~~t:~Ysf~:~d~ ~~~s:~i~ 
Carr. £4. PRI 110-220-240V sees 14V 3V 25H 25 M/A£1·50· 180H 24 M/A£o4, P&P £2. £':.so. PP £1.s8'plus VAT. Total £6.90. . 

1 ~1 ~Ya~~f~~~~{~~~g~~~~ll~~t ~~~ ~e ~~er;~~~ a~o~ayc~~~~~da~t~~k7~:e~~ WODEN HIGH POWERED AMP 

~-~~vf~·t,_R~~!072~~ ~e~in~~~PC~~~~~ Switches, Relays, Caps, Resistors, etc. Pri. 24v sec. t!":e~s:g~-~tv~~5-0-35v, 55-0-

connections £29.50. Carr. £5. ~=~s~r~ee~s~mber to add 15% VAT to all ~;r~~~al~~~~~~~~~ !;i~~~tt~9~us~~~ &;~o~ 
HEAVY DUTY ISOLATION TRANSFORMERS 

240-240V ex-computer equipment. Large 
selection available 10-15 amps. Fraction of 

inc. VAT and carr. 
AEI 20 AMP CONT ACTORS 

BRAND NEW BOXED KEYBOARDS . 
FRACTION OF MAKER'S PRICE ASCII Coded Mini Keyboard, alphanu-

1

_ m_a_k_er_p_ri_ce_. _Te_le_p_h_o_ne_f_o_r f_u_rth_e_r _de_t_ai_ls_. __ 
1 

Type' Coil Contacts Price meric, upper case only. Size 9" x 6.5" 

HEAVY DUTY MUlTITAPPED 0652 ~~~~~C JM 18 £1.50 ~~~~-it ~o~~;tT7~crknae~:~~~u~~ir~i~s~ti~~ 
TRANSFORMERS 0655 415VAC 4M £1.50 modifying home computers. Very good _!;12 5 Ex-computer equipment. Top panel connec- 0648 110VAC 4M 48 £1.50 va lue. £16 + carr 50p + VAT. Supplied 

1------.,--------------'-----1 t ions, PRI220-240V, sees. 36V 21A. 19.5V 23A, 0650 110VAC SM 28 £1.50 with diagram 
HEAVYDUTYOPTRANSFORMERS 47.5V5A,31.75V9A, 19.5V 13A, 47 .5V5A,36V 0653 110VAC 4M £125 , .. ____________ _. •• 

T2~~g ~T/a28d~L~~~- ;-::.~.Vi~·£t~~- iy5pen, 01 f~9KECL14!ltt34s, ::P· ar~~:~inVi~g· s 3, ~5 ~~r-~4ven t imes. All 0654 110VAC 2M 28 £1:25 TAPE PLAYERS 
0651 110VAC 3M 18 £1.25 Decca Portable Tape Players. Battery/mains. ~--3-~_5_n_.1_5n_, 3_~~K_C_T_,r_~_e_d_b_1~2_5_m_~_d_c_m_a_x_£8_._95_._~_P_~_. __ ~~---H-E_A_VY_D_UTY __ C_C_O_R_E_U---~= ~~ == ~:=~~=~~~~~~ 

AUTO STEPDOWN TRANSFORMERS TRANSFORMERS P&P 25p kg carr. 75p. 
FOR AMERICAN EQUIPMENT PRI 220-240V sec. 18V 27A. 40V 10A, 40V 4A.- I----------'---"----,----,-j __ ~...,..,.,--'-----------:-t 

~~1 :~~o~~~ ~~~~2~~r~~~:;/~~~~~:~c~~~~i·c:AP~o 8~; ~~~r4ts_52V 1A All separate windings. £27.50. PRI 2~~~ ~~a:~~~f~~~~:n~erva- We have a la ~~v:=~~~~~P~:EP~wer Supplies 
three pin socket outlets and 3 core 240V mains lead. Types 1---------------1 tively rated at 3 amps, top panel connections, covering a broad range of outputs. Rmg 202-

~~eta~~tl~~~ N":.~~s i~dfc;_~~l t~~=dc:~~~~s 1.:-:;dri~~d PARMEKO CASED TRANSFORMERS ~·r· P~~~£~2o 240V 25Q-O 250V a 50 l-51_:?_5_fo_r_de_t_ai_ls_. ----,..-----,---1 
carrying handle. Send SAE for price list and further details. ~~~~~~~e~~cFi~~~ ~:Tn;52n%'W~~~~~em: P&P0~~- 60 M/A 2.8-0-~~;V 28A, -5V 2A, 6.3V vu METERS 

American sockets, plugs, adaptors also available. ~~~r:1!Jv sec. 
25

V SOVA, f itted output sockets, II3,:;A;:;., ~24;,;V~3;;;;A~£7;,;.·;;:;50::~•.;.P,;;:&;;.P,:.£2iii .... ---""'!" ... l · ~lavs~:~ . ~~~i~~t~~n~;ai~. ~iz:t¥1~~~}v: 3~-~~Y 
GARDNERS UNIVERSAL LTTRANSFORMERS n·ains on/off switch and fuse. £8.50 .. P&P £2. 14 .. Monochro~~~~~~~rs , suitable for Special price £4.50 + SOp carr . 

Open frame top panel connections. PRI 120-240v sees 1v PpRutl 2s4oOcVkestesc .. 
0

1n2/Voff50VswA.
1
_tfcihtteadnidnpfuutsea,nd£7o

5
u
0
t-_ use with home computers, video input HEAVY DUTY 

240
V DC CONTAcTORS 

twice, 3v twice, 9v twice, separate windings, all at 6.4 amps. Bargain price f39 + carr. £6. s· 
1 1 

k 
100 

t t £2 50 P&P 
r~~~~~a~~~~~ ~~t~~/~~ltf~?~i~~d~~~-~~~;a£0~~ 3~bf~i~~~ j&P £~ , Abo1ve htransf~rme? d'~ de~ igned ~or Also Monitor ChaSSIS complete with £;ngT~~o peo~a .:ake 1a0m,;~~nc~~tacts ~nd 2 
volt steps, and 1-13v 12.8A £9.75 P&P£2 ~~~~~nt~V:'r,~~e~~~~-ric~PP le ran new a a tube. f 25 + VAT. Callers only. pole make 5-amp contact £1.75, P&P 75p. 

WW- 062 FOR FURTHER DETAILS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the referenc~ number(s). 
\'our enquiries will be passed on to 
the manufacturers concerned and 
you can expect to bear from them 
direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to us by 
using the card at the bottom of 
this page. You may also apply to. 
the agent nearest to you, their 
address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street, 
Melbourne 3000, Victoria 

Belgium: Agence et 
Messageries de Ia Presse, 
1 Rue dllla Petite-llE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Ave'nue West, Toronto 195, 
Ontario 

Cvprus: General Press 
Agency Ltd, 131 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk. 1103 Kobenhavn. 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 

France: Dawson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Sa a rbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P .0. Box 315, 245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmer N.V .. 
Oosteiiike Handelskade 11, 
Amsterdam 1004 • 

India: International Book 
House, Indian Mercantile 
Mansion Ext, Madame 
Cama Road, Bombay 1 

Iran: A.D.A.,151 ·Khiaban 
Soraya,.Tehran 

Israel : Stelmatzky's 
Agency Ltd, Citrus House, 
P.O. Box 628, Tel Aviv 

Italy: Intercontinental 
s.a.s. Via \/eracini 9, 
20124 Milano 

Japan: Western Publica
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyo160 

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. Box139, 
Lagos 

~ · 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: liva ria 
Bertrand s.a.r.l 
Apartado 37. A medora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comerclal 
Atheneum s.a. Consejo de 
Clen1o,130·136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Fack S-104, 
2CI Stockholm 30 

Switzerland: Neville & 
Cie SA. Rue Levrier 5-7. 
CH-1211 Geneva 1 
Schmidt Age nee AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Business Press, 
205 East 42nd Street, 
New York, N.Y.10017 
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BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydon 
Surrey CR2 9PS 
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Please arrange for me to receive further details of the products listed, 

the appropciate reference numbers of whtch have been entered in the 
space provided. 

Name .. 

Name of Company ..... . 

Address. 

Telephone Number . .. 

PUBLISHERS 
USE ONLY 

Position in Company ... . . _ ........•.. . .......••...•••.. •.. .. 

Nature of Company/Business . ... 

No. of emhloyees at this establishment .. •. •. 

I wish to subscrib~ to Wireless World ·o 
VALID FOR SIX MONTHS ONLY 

·~------------CUTHflt·----------
1 
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Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with ~ your 
remittance to: 

Subscription Manager, 
I PC Business Press, 
Oakfield House, Perrymount Road, 
H~ywards Heath, Sussex RH16 3DH, 
England 

www.americanradiohistory.com
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Enquiry Service for Professional 
0 Readers ONLY. WIRELESS W RLD Wireless World, August 1981 WW 168 

~~-~=--""':":":'~--, Please arrange for me. to receive further details of the products listed, ww. ww. ww. 
ww. ww. ww. 

.. 
the appropriate reference numbers of which have been entered in the 

space provided. 

I 
·I 
I 

Name ..... . .. ...... .... ... ··········•·····•············· I ww. ww. ww. 
ww. ww. ww. ... 
ww. ww .... wW .. 

Position in Company .... ... .... ...... ..... ... .... . ... ... ..... . 

ww. ww. . . ww .. Name of Compan·y ...... . .. ...... . · . · .... · · · · · · · · · · · · · · r • • 

ww. . . ww. ww. Address ...... .. ........ .... .•. ... - .... ...... . . ........... . 

ww. . . ww. .. ww .. 
ww. ww. ww. 
ww .. ww. . . ww. .. Telephone Number . 

ww. wW. ww. 
ww. ww. . . ww. Nature of Company/Business ....... . 

ww. ww. ww. No. of employees at this establishment ........ . ......... .. ..... . 

ww. ww. ww. 
ww. ww. ww. 
ww. ww. ww. 

VALID FOR SIX MONTHS ONLY 

) .__ _________ CUT HE.RE. ___________ _ 

Postage 
will be 
paid by 

,Licensee 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 
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BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
· Reader Enquiry Service 
429 Brighton Road 
South Croydon 

U)) PUT A SMILE BACK ON 
~. ~ YOUR OLD ~OMETERI 

Surrey CR2 9PS 

"' ll ,.., 
,• 

I 
I 
I 
I 

Send it now for estimate, 

repair or recalibration 

-------~·--cur Hf.RE.--...----------~ Quick turn round 
on estimates/ repairs 

Wireless World Subscription Order Form Wireless World, Au~ust 1981 WW 168 

UK subscription rates . 
1 year: £1 0.00 

Overseas 1 year: £13.00 

I 

US~ & Canada subsc·ription rates 
1 year: $33.80 

Please enter my subscription to Wireless World for 1 year 

1 enclose remittance value ................. ~ ........................................................ : .. made payable to 

IPC BUSINESS PRESS Ltd. 

Name .............................................................................. ......................................................................... .. 
\ 

Address .................................................................................................................................................... . 

OoOOO•••o•oooooooooooooooooOoOoOOOOOOOOOOOOoOOOOoo •oOOOoooOOOO OOOO OoooooOoOoOoOoOo ooO OOOOoOOOOOOOOOO. Oo00\000000000000oooooo•oooooo000000000000000oooo 

..................................................... . : .... ................. ......................... .. .. ....................... ............ ..... ... . 

I 
I 
I 
I 
I' 
I 
I 

Large stocks of -new-
AVOMETERS 

Avo Sales~ and Service 

••••• Farnell 
' ~. International I 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 FORTHER DETAILS 

~-------------------------------------------------------------------------~----~~ 
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S COPEX .-,4D-10V Vital for Video 

At a pnce of £290 OO+VAT 
Carriage paid UK mainland. 

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 

Ensures continued British leadership· 
in the low cost high performance 

cassette and dtsc recorders, colour 
televtsion and video games. 

e Active TV sync separator 
e lOcm x 8cm .display. 
e ,Add and invert facility 
e Probe compensation. 
e Line selector 
e 2rll V sensitivity on ooth channels . 
e Push button X -V 
e Complete with probes. 

oscilloscope market. 

~ COP EX Please send me full details of the 14010. 

Pixmore Avenue. Letchworth. 
Herts SG6 lJJ Tel [04626) 72771 Name 

~E!!:l Company VISA 

I wish to pay by Borclaycord/Trust Card. 
Address 

Please charge to my account. 
My Barclaycard/Trust Cord No. is 

I I I I 1 J J J 1 I I I I 
Tel: ___________ __ 

~ An Independent British Company ~ 

WW- 060FORFURTHERDETAILS 
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RegisteredinEngland 1179820 
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 1 OOmA. ( 138 x 80 x 45m m ). £12 ea. or 2 for £22. 

BRANDENBURG Photomultiplier PSU. 19in. rack mounting. 
Metered, current limit protection. 
374,374R 300V-1 KV at 5mA. 
375 500V-1K5V at 6mA. 
376 660V -1 K6V at 1Om A 
Model 374R has reversible polarity op. All others have nega
tive polarity op. 
All models £40. 
Some photo multiplier tubes available. 
COUTANT ESM3: 1 05/115/220/240V IP. Four separate ops: 
5V at 3A stabilised with current limit, overvoltage crowbar 
protection and remote sensing. 
± 12 to ± 15V at 500mA stabilised. 
12 or 24Vunstabilised. (125 x 80 x 275mm). £30. 
SPECIAL OFFER. 10MFD 500v ECC 20p ea., 10,000 MFD 16v 
Mullard 35p ea., 3,300 MFD 40v Mullard 35p ea. 10[.LF/63v 
WIMA polyester 10% 40p ea. Large quantities available. 
ELECTROlYTIC CAPACITORS. Very large stock holding. 
Mostly ITT EN1212m EN1235 types. 
Please send for our electrolytic list, e.g.: 220/50VA, 220/25R, 
470/25R, 4700/25A, 470/50A, 2200/100 CAN. 
CAPACITORS-DISC CERAMIC 
Over 2 million now in stock, mostly ITT. Many high-voltage 
types, e.g.: 
210p 8KV, 1 n 1 KV, 2n2 2KV, 1 On 2KV. 
220p 1 KV, 1 n5 3KV, 4n7 1 K5V. . 
Please send for our ceramic capacitor lists. 

PYE HEAD ClEANING CAS- WELWYN STRAIN GAUGE. 
SETTES. Brand new or (Precision Micro-Mea-
boxed, 50pea. surements). Romulus Miche-
CASSETTE DECKS: With ste- gan type MA-09-50084-350. 
reo heads, mechanically- Our price £1.25 ea. List price 
com pIe t e, but with no £3.85. Large quantities avail-
electronics. Smart black able. 
modern finish. £5.00 % 15 Turn Cermet Trimpot 
We have VERY lARGE 1 OOkn. 1 off price, 20p. By 
QUANTITIES available Beckman & A.B. 
0.1 f.l/16v disc. ceramic but, 
with no electronics. Smart 
black modern finish. £5.00 

PIHER PRESETS 
Very large stocks, PT10, 
PT15 enclosed types. Please 
send for our preset list. Most 
values 100R-5M 

HEAVY DUTY 
KEY SWITCHES 

2P 12A 600V AC 
8P 1 OA 380V AC 
10P 12A 600V AC 
49mm 0 Fascia . 

£1.50 
£3.00 
£3.00 

We have the following quan
tities of low profile GOLD 
PLATED I.C. sockets manu
factured by Winslow, 
discount on quantity. One 
off prices as follows: 

9 PIN 9p 
14PIN 10p 
16PIN 11p 
18PIN 16p 
20 PIN 18p 
22 PIN 22p 

REDPOINT HEATSINK, Type 
TV4 15p ea. 1 off price. 
Discount on quantity. 
We have the following Wel
wyn. 1% Resistors available, 
2K, 3K, 10K, 20K, 30K, 1 Meg. 
Price 25p ea. Type 4802. 
BURROWS CONNECTOR 
(LH) 1701, 41c, 20p; Burrows 
Connector (RH) 1201, 4LC 
25p. Large quantities avail
able. 
METWAY P.C. CONNECTOR, 
3-waytype P95/3DS, 10p ea. 
ITT TEMPKIT Electronic ther
mostat ZBI.5669. Brand new. 
£4 ea . 
4-WAY DPDT AND 5-WAY 
DPDT OIL SWITCHES, by 
ERG Components and CTS. 
Gold contacts BOp ea. Brand 
new and boxed. 

24 PIN 22p BUZZERS, 6v and 12v, SOp 
28 PIN 26p 
40 PIN 30p 
CANNON 15w sockets, D 
type or Souvrian/McMurdo 
Daiss GOp ea. Also Cannon 
9w plug, brand new, GOp ea. 

ea . 
WIRE ENDED NEONS 
£20/£1 ,000. 

.SPECIAL OFFER. Mini-toggle 
switch by C. & K., 3 Pc/o. 
Long dolly or short, SOp ea. 

Telex 291429 

D TO A CONVERTERS 
15MHz, 8 BIT 

By Micro Consultants Ltd. 500 cable drive op. Linearity 
0.25%, max. 0.125% typ. Settling tim.e: 2V step 70nS typ. 
2MV step 50nS colour television transmission standard. Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 
Unused. Ex-maker's pack. · 

SPECIAL OFFER PRICE: £20 
TRANSFORMERS: 

5-0-5V 400mA £1.25 
6-0-6V 1 OOmA £1.25 
8-0-8V 400mA £1.25 
9-0-9V 3A £3.00 
11V 2A. 22V1A £2.00 
12V 130mA 80p 
12V 1A5 £1.25 
0-12,0-12 96VA £8.00 
15V 1 OOmA £1.00 
17V 300mA £1.50 
20-0-20 400mA £1.80 
22-0-22 50mA £1.00 
24V 100mA £1.00 
24V 250mA £1.50 
30V 250mA £1.50 
30-25-0-25-30, 1 A6 £G.OO 
0-2-4-6-8-10 5A £G.OO 
RESISTORS: Over 2 million 
in stock at last count. 
CARBON FILM 1J4W 5% E 12 
range 1R0-12M. 
2p ea. £11100,£6.50/1,000. / 
METAL OXIDE/FILM: Most 
values in E24 range, 1/4-2W 5, 
2 or 1%. A few values in 0.1% 
tolerance available. 
WIRE WOUND: ORI-100K 3-
200W. A selection of mains 
droppers available. Good 
selection of metal clad high 
power types. 

ROTARY SWITCHES 
Over 30 different types avail-
able. from 45p 

MINIATURE LATCHING 
SWITCHES, 3 Pc/o by Micro 
a division of Honeywell Ltd., 
3 amp 250v a.c. Part No. 
8N3011, £1 ea. Miniature 
momentary 1 Pc/o switch by 
Micro, 3 amp 250v A.C. Part 
No. 8N1021: 

WHISPER FANS 4, 5" 
Type number WR2A1. 115 
volt, 50/50HZ 7 watt. Brand 
new, £4 each. 

. SPECTRA STRIP CABLE, 
100ft lengths, 25-WC!Y. 
twisted pair, £130.00 per 

, box, discount on quantity. 

We have large quantities of 
5ft Imhoff/Schroff racks . 
Price £20.00 each. All in 
good condition. Callers col
lect. 

SPECIAL OFFER: Filmet 
SC65 1 MO 0.1% metal film 
resistors 20p ea. 
CERMET PRESETS 15p ea. 
10A 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 

ALUMINIUM BOXES: 
AB7 134x64x38mm 70p 
AB8102x102x38mm 70p 
AB9 1 02x57x38m m 70p 
AB10 102x133x38mm 70p 
AB11 102x64x51 mm 85p 
AB 12 76x51 x25m m 70p 
AB13152x102x51mm £1.00 
AB14178x127x51mm £1.20 
AB15 203x152x76mm £1.55 
AB16 254x179x76mm £1.75 
AB17 254x114x76mm £1.45 
AB18305x127x76mm £1.75 
AB 19 305x203x76mm £2.40 

BLUE REXINE COVERED 
AlUMINIUM BOXES 

RB1 152x114x64mm £1.45 
RB2 203x127x76mm £1.70 
RB3 229x127x89mm £1.80 
RB4 279x152x1 02mm £2.40 
RB5 279x190x114mm £2.70 

BLACK PLASTIC BOXES 
75x50x25mm G5p 
80x60x40mm 92p 
90x70x40mm 99p 
115x75x30mm 90p 
110x90x45mm £1.18 
170x100x50mm £1.G5 
200x120x80mm £3.55 

LICON ILLUMINATED 
SWITCHES 

01-800 Rectangular Snap-in 
Series. 
2PCO Latching 
2PCO Momentary 
Indicator only 
Lenses available 
white only. 

£1.50 
£1.50 

SOp 
in red or 

MINIATURE PUSH-BUTTON 
SWITCHES 

PTM 20p, PTB 25p, PT M/8 
40p. 

HEAVY DUTY ROTARY 
SWITCHES 

9P3W 25A 500V AC £3.00 
18P6W 25A 500V AC £3.00 
18P6W 40A 600V AC £3.00 

STEREO RECORD/REPLAY 
CASSETTE HEADS £1.00 

WIREWOUND POTS 
IR0-100K by A.B., Colvern, 
etc. 1 %W 40p, 3W GOp, 5W 
SOp. 

TRIM POTS 
10R-500K 10/20 turn. 1 %in. 
or %in. rectangular GOp ea. 
JEAN RENAULD SWITCH 

BANKS 
Many types available, e.g.: 
4x2PCO . 40p 
6x2PCO GOp 
5x2 PCO + 2x4 PCO 70p 

VU METERS 
40x30x23mm deep. 
White/red scale on black 
background. Brand new. 

GOp ea. 

This advertisement is mainly of our excess stock holding. We also have excellent stocks of semiconductors, hardware, cables, 
etc, etc. For further details send for our lists and retail price catalogue, phone or visit our shop. All prices are exclusive of VAT 
(and P&P). Minimum Mail Order £5 + P&P +VAT. Government departments, schools, colleges, trade and export welcome. (7479) 
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RHODE & SCHWARZ 
· Selective UHF VI Meter. Bands 4 & 5. USVF 
Selectomat Voltmeter USWV £450. 
UHF Sig. Gen. type SDR 0.3-1 GHz £750. 
UHF Signal Generator SCH £175. 
XUD Decade Synthesizer & Exciter. 
POLYSKOPS SWOBI and 11. 
Modulator I Qemodulator BN 1 795012. 
UHF~ig.Gen.typeSCR.1-1.9GHz . 

MARCONI 
TF9958/2 AM/FM Signal Generator. 
TF2500 Audio power meter 
TF1101 RC oscillators £65. 
6551 SAUNDERS. 1400-1700MHz. FM . 
TF1066811. 10-470MHz AM 1 FM. 
t~~-152A/ 1. Power meter. 25W. 500MHz 

TF1370A RC Oscillator £135. 
TF791 D Carrier Deviation Meter. 

BECKMAN-TURNS COUNTER DIALS 
Miniature type (22mm diam.). Counting up to 
15 turn "He\ipots. " Brand new with mounting 
instructions. Only £2.50 each. · 

PRINTED CIRCUIT MOTORS 
'Printed Motors Ltd' type G16M4. 60V DC. 5.5 
amps. Continuous torque 140oz. in. 2350 rprn . 
Diameter 7.5". Depth 2.5". Shaft diam. V2 & 
311". Price from Printed Motors is now over 
£150 ea. Supplied in good, used condition, 
tested & guaranteed £25 each (postage £3). 

P. F. RALFE ELECTRONICS 
10 CHAPEL STRE·e-r. u).NDON, J\iw1-

TEL: 01-723 8753 

RANK KALEE 1742 Wow & Flutter Meter. 
AIRMEC 314A Voltmeter'. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
· DERRITRON 1 KW Power Amplifier with control equipment 
for vibration testing, etc. 
HEWLETT-PACKARD 8551 B/851 8 Spectrum Analyser. 
10Mhz-40GHz. 
HEWLETT-PACKARD tuned amp & null detector. 

· HEWLETT-PACKARQ 331A Distortion Meter 
RADIOMETER Distortion Meter BKF6 £125. 

107 

DC POWER SUPPLIES 
*APT 10459/8, 12-14V@ 5 Amps £25 (£2 p.p.) 
*APT 10459/8, 24V@ 5 Amps £25 (£2 p.p.) 
*We can supply the above power supply at any 
fixed voltage between 5V and 36V at 5A £25. 
*Mullard Dual supplies. Brand new with 
handbook. Pos & Neg 12V at 1A and 0.4A respecti
vely. Dimensions 9x4x5ins. £10 + (£1 p.p.) 
*FARNELL Current limited. Dimensions 7x5x4ins. 
Following types available: 13-17 Volts @ 2A £15. 

__ ?7-~2 .Yolts @ _1A5V£15.5V@}A£!~· (pp£l,50l, . 

SPECIAL PURCHASE 
LAMBDA, POWER SUPPLIES 

Excellent LXS Series DC power units at less than ·a 
tenth of new price. The snag?- they're aii110V AC 
Input. Prices as follows: 
5V at 24A. LXS D5 OV R. £25. (List £350). 
15V at 12A. LXS 015 R. £20. (£339). 

· 5V at 14A. LXS CC 5 OV. £20. (£258). 
24Vat 3.1A. LCS C 24.£15. (£223). 

Carriage each_~2_._s.o_ e~tr~ _ 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. £125 _ 
RADIOMETER AFM/1 3.5-320MHz. AM/FM. £145 
RACAL 409 3-600MHz. A~/FM. 

*RADIO & TELEVISION TEST EQUIPMENT * 
TEXSCAN VS-60B 0-1 OOOMHZ Sweep Generators £250 4l ROTRON INSTRUMENT '

1

.L 
\TEXSCAN DU-88 X-Y Display scopes £95 ' ..-
·TELONIC2003- Sv,;eep-GeneratorSystem0-1000MHz ·£256 iC COOLING FANS :* 
TEl<JMC 101 X-Y Display scopes £75 ; . ~ I 
TELONIC 12040-500MHzsweepgenerator £150 "?' . ' Supplied in excellent condition, fully · lt 
TELONIC 121 display scopes £95 iC tested: . * 
UNAOHM EP685A PAL Colour Generator. Video/RF £295 -tc 115V, 4.5 X 4.5 X 1 .5" £4.50. 230V ,..._ 
.KORTING Colour TV Service gen. VHF/UHF, PAL/NTSC £295 l £5. 115V, 3 X 3 X 1 .5" £4 + postage ..-
:LABGEAR UHF/VHF Pal Colour generator. iC i 35 * 
'LABGEAR UHF Monochrome C.H. & dot patterns. £45 t-~-e_a_ . ...,..P_·,._-,.._ ...... --.....,..,..-~....., ... 1-1· 
PHILIPS FM Stereo signal generators P(VI6456 £200 CT212 RF. Signal Generators. 85KHz-32M Hz. 

, ·FERROGRAPH RTS2 Recorder Test Set £275 . _£SS. 

t-----:----------l * OSCillOSCOPES * J-to:--;;..;......_8-EL_L_&_H_O_W_E_L_L_M_IC_R_O_F_IC•H-E ...... :-~ 
A-- UD.IO & Rf SIGNAL GENERATORS · HEWLETT-PACKARD 180A 75MHz £450 it 

TELEQUIPMENT DM64 Storage 10M Hz £475 j' VIEWERS 
ADVANCE types H 1 • H 1 E, C2, SG62B, J4A. TEKTRONIX T932A 35M Hz Dual-Beam £550 !_ Type SR5. Screen size 9 x 5in. New condi-
TAYLOR 62A (AM/ FM) . AVO HF134. GOULD/ADVANCE OS3000A £550 "?' tion. £50. 
·AIRMEC 352 Sweep Generator. HEWLETT-PACKARD 122A Audio S.B. £145 

20-WAY JACK SOCKET STRIPS. 3 pole 
type with two normally closed contacts £2.50 
each ( + 25p pp). Type 316 three pole plugs for 
above - 20p ea. (pp fre~)-

PRICE TYPE SERIES SECONDARY RMS 
No. Volts Current 

30VA 
1X010 6-6 250 
1X011 9 - 9 166 

70 • 30n1n1 
1X012 12-12 125 

£4.48 1X013 15.15 1 00 
· 0.45Ky 1X014 18.18 083 . 0.87p p •p 
Regulation 

1X015 22.22 0 68 - O.BOp VAT 
1X016 25.25 060 18° o 1X017 30 . 30 050 

2XOIO 6 - 6 416 

50vA 
2XOII 9 . 9 277 
2X012 12-12 ?08 

80 · 35mm 
2XOI3 15 ·15 166 

£4.93 09Kq 
2XU I4 18-18 138 
1XO I5 22.22 113 · f7.70P.P 
2XOI6 25 - 25 I 00 - 0.90p VAT 

Regulation 2XOI7 30.30 083 
2X028 110 045 l3°o 2X029 220 022 
2X030 240 0 20 

3XOIO 6-6 664 
3XOII 9-9 444 

80VA 3X012 12 ·12 333 
3XOI3 15 ·15 ?66 

90 · 30mm 3X014 18 ·18 222 £5.47 I Kq 3X015 22.22 181 
3X016 25.25 160 · f7.43PP 

Regulation 3X017 30 . 30 1 33 · f1.04 VAT 
3X028 ITO 072 12°o 3X029 220 0 36 
3X030 240 0 33 
4X016 6. 6 10 00 
4X011 9. 9 666 

120VA 
4X012 12.12 500 
4X013 15.15 4 00 

90 · 40mrn 4X014 18 18 3 33 £6.38 12Kg 4X015 22 . 22 ?/2 
4X016 25.25 2 40 · f1.43P P 
4X017 30 . 30 200 · F7.17VA7 

Regulation 4X018 35-35 171 
11°o 4X019 110 109 

4X029 220 054 
JX030 240 050 

5X011 9. 9 889 
5XOI2 12.12 6 66 

160VA 
5X013 15.15 5 33 
5X014 18.18 444 

710 · 40mrn 
5X015 22 . 22 3 63 £8.44 7.8K!7 
5XOI6 25-25 3 20 
5X017 30.30 2 66 ·f7.43PP 
5XOI8 35.35 2 2~ · 1'1.48 VAT 

Regulation 
5X026 40 - 40 2 00 
5X028 110 145 go, 5X0?9 220 072 
:iX030 240 0 66 

Also availal;lle at Electrovalve, Maplins. Marshalls, 
Technomatoc and Watford. 

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. 

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. 

TYPE SERIES SECONDARY RMS 
No. Volts Current PRICE 

6X012 12 - 12 938 
6X013 15-15 7.50 -

225vA 6X014 18 · 18 625 
6XU15 22-22 5.11 

£10.06 110 · 45mm 6X016 25-25 4.50 
22Kq. 6X017 30 - 30 375 

6X018 35 - 35 
~-

321 · f7 .73 Pi P 

Regulation 6XU26 40 - 40 2.81 f'177VAT 

7°o 6X025 45.45 250 
6X028 110 204 
6X029 220 102 
6X030 240 0 93 

7X014 18 - 18 8 33 
7X015 22 - 22 682 

300vA 
7X016 25-25 6 00 
7X017 30 - 30 5 00 

£11.66 110 · 50mnl 
7X018 35-35 428 

2.6Kq 
7X026 40 40 373 . f1.73 pp 7X025 45 - 45 333 · 1'2.07 VAT 

Regulation 7X033 50 - 50 300 
7X028 110 272 6°o 7X029 220 I 36 
7X030 240 125 

8X017 30 . 30 8 33 

500VA 8XOI8 35-35 714 
8X026 40 - 40 625 £15.53 140 · 60rnm 8X025 45· 45 5.55 

4 Kq BX033 50 - 50 5 00 . 1"205 p p 
8XU42 55-55 454 · 1"2.64 VAT Regulation 8X028 110 154 

4°o 8X029 220 227 
8X030 240 208 
9X017 30 - 30 1041 

625VA 9X018 35-35 892 
9X026 40 - 40 781 £21.54 140 · 75mrn 9X025 45 ~ 45 694 

5.0Kq 9X033 50 . 50 6 25 · f2.20P P 
9X042 55.55 568 · f3.56VAT 

Regulation 9X028 110 568 
4°o 9X029 220 284 

9X030 240 260 

IMPORTANT: Regulator references All voltages quoted are FULL 
LOAD Please atfd regulalton hgure lo secondary voltage lo ohtatn off 
load voltaqe · 

NOW 95 TOROIDAL TYPES 
FROM 30VA TO 625VA 

** I.L.P. TOROIDALS ** We use advanced winding technology to make our toroidal trans-
formers. They have only half the weight and height of their lami
nated equivalents and are appreciably more efficient. Induced 
hum IS reduced by a factor of ten. Our toroidals cost virtually the 
Same as the older types which they are rapidly replacing. Now 
increased production capacity means even lower prices. 
Supplied with rigid mounting kit with centre bolt, steel and neo
prene washers. 

CHOICE OF 3 PRIMARY INPUTS 
ILP .. Toroidal Transformers are available in choice of 110V, 220V, 
240V, coded as follows: (Secondaries can be connected in series 
or parallel) . 
For 11 OV Primary insert 0 in place of "X" in type number. For 220V 
Primary (Europe) insert 1 in place of "X" in type number. For 240V 
Primary (U.K.) insert 2 in place of "X" in type number. 
Example: 50VA240V6+6V6.16A=22010. 

MAIL DESPATCHED WITHIN 7 DAYS OF RECEIPT OF ORDER 

* CUSTOMER DESIGN ENQUIRIES INVITED. QUANTITY PRICE 
LIST AVAILABLE . 

* FREEPOST FACILITY (U K. only) . Simply send your order in 
envelope to FREEPOST to address below. NO STAMP RE
QUIRED. * TO ORDER Enclose Cheque/Postal Order/Money Order payable 
to I.L.P. Electronics Ltd or quote your ACCESS OR BARCLAY
CARD account No. VAT must be included with UK. order. To 
pay CO. D. add £1 extra to TOTAL value of order. 

--~-------~---------------
To LL.P. ELECTRC"''~ICS LTD. CANTERBURY CT2 7EP 

Please supply Transformer(s) . . . . . No.(s) .. 

. Total purchase price £. 

I enclose Cheque U Postal Orders lJ International Money Order lJ 
Debit my Ac~ess/Barclaycard Account No ... 

@ ~ _F TRANSFORMERS (tLdP'<~~£c"iRONtCSLTD) ' 
I·REEPO,~T 15, GRAHAM BELL HOUSE, ROPER CLOSE. CANTERBURY, CT2 7EP 
Phone 10-.71 54778 · Tcchnicali0227) 64723. Telex 965 780 

NAME . 
ADDRESS 

Signature . . 
WW052-FOR FURTHER DETAILS 
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I I 

TEK2200 SERIES 
·oSCILLOSCOPES 

WIRELESS WORLD AUGUST 1981 

THE PRICE PERFORMANCE 
STANDARD 

The Tektronix 2200 Series. 
So advanced they cost · you less. 

Tektronix traditions of excellence· 
in designing and manufacturing 
oscilloscopes are recognised all 
over the world. But rather than 
rest on past laurels, we have 
veered dramatically from the 
well established design paths we 
ourselves have laid down. 
With the 2213 priced at £617 
and the 2215 at £785, these 
60MHz dual trace oscilloscopes 
are an entirely new form of 
instrument. 
Their most remarkable 
characteristic is the way in 

which major design advances 
have provided full-range 
capabilities at prices significantly 
below what you would expect to 
pay. How has this been 
accomplished? To begin with, we 
have reduced the number of 
mechanical parts by more than 
half. This not only saves 
manufacturing time, it lowers 
costs and improves reliability. 
Board construction has been 
greatly simplified and the 
number of boards reduced - one 
only in the 2213. Board 

Regional Tel. Numbers: Harpenden 63141, Maidenhead: 73211, 
Manchester: 428 0799, Livingston : 32766, Dublin: 850685 

WW-070 FOR FURTHER DETAILS 

connectors have also been 
reduced substantially and cabling 
cut by an amazing 90%. 
The 2213 and 2215 have a high 
efficiency regulated power 
supply which does away with the 
need for a heavy power 
transformer. There are no line
voltage adjustments. Just plug 
the instrument into a power 
socket supplying anything from 
90 to 250 volts, 48-62HZ, switch 
on and you are ready to 
measure. Power saving circuitry 
has eliminated the cuoling fan, 
resulting in further economies in 
size and weight. 
These scopes have it all. Dual 
trace. Delayed sweep for fast, 
accurate timing measurements. 
Single time base in the.: 2213, 
dual time bases in the 2215. An 
advanced triggering system, 
automatic focus and intensity. 
Beam finder -and much more. 
You just cannot buy more 
advanced oscilloscopes for less 
money. Send in the reply card 
now for full details of the 
Tektronix 2200 Series. 

I Please sendm-;-detail~f~;-
1 221 3 D 221 5 D 
I Name 

: Posotion 

I Company 

1 Address 

I 
I Telephone 

I 
Publicity Dept., 

ww 

I 
I 
I 

Tektronix UK Limited, PO Box 69, 
Coldharbour Lane, Harpenden, 
Herts AL5 4UP. 
Tel : Harpenden 63141 

COMMITTED TO EXCELLENCE 

I· 
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Appointments 
. Advertisements aecepted · 
up to 12 noon Monday, 
August 3 for September· 
issue, subject to space · 
being available. 

'i>ISPLAYED APPOINTMENTS VACANT: £13.SO per single col: centimetre (min. 3cm). ~ 
LINE advertisements (run on): £2.50 per line, minimum Slines. (Prepayable). 
BOX NUMBERS: £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, 01-661 3033 (DIRECT LINE) 

Cheques ~nd Postal Orders payable to /PC Business Press Ltd. 

SOUTH HAMMERSMITH HEALTH DISTRICT 

CHARING CROSS HOSPITAL 
(Fulham) 

Electronics 
Technician Engineer 

with at least 2 years' experience in the maintenance of 
electronic equipment- not necessarily in a hospital -
and ONC qualified or equivalent, required to join the 
Medical Electronics Section of the Medical Physics 
Department. 

The work involves maintenance calibration and 
electrical safety testing of a large range of electronic 
equipm~nt used .throughout the hospital with particul~r 
emphasis on pat1ent care and monitoring in the intens1ve 
care unit and the operating theatres. Design and ' 
development of special equipment using digital, analog 
and microprocessor techniques is undertaken. 

Inclusive salary scale: £4931-£6317 (MPT IV grade). The 
salary scale is subject to review from 1st April, 1981. 

For further information and an application form, please 
contact Jan Newbigin, Personnel Department, 
Brandenburgh House, 116 Fulham Palace Road, London 
W6. Telephone 01-748 2040 ext. 2992. 

(1201) 

' 

HF-VHF-UHF 
Microwave Optics & Acoustics 

A challenging and full career in 
- Government Service 

Candidates, normally aged under 30, 
should have a good honours degree or equiv
alent in a relevant subject, but any candidates 
about to graduate may be considered. 

Appointments as Higher Scientific 
Officer (£6,075-£ 7,999) or Scientific Officer . 
(£4 805-£6,480) according to qualifications 
and' experience. Promotion prospects. 

Please apply for an application form to 
the Recruitment Officer (Dept. WW881), 

· H M Government Communications Centre, 
Hanslope Park, Milton Keynes MK19 7BH 

HUNTING SURVEYS AND CONSULTANTS LIMITED 

Require 

SENIOR ELECTRONICS MARINE SYSTEMS 
ENGINEERS 

Electronics Engineers with at least four years' experience of 
North Sea geophysical operations are required ~o man s_urv~y 
vessels using the latest instrumentation for pipelme and ng s1te 
surveys including digital seismic equipment. 

A knowledge of marine computers .and data acquisition systems 
would be advantageous. 

Engineers appointed ~ust be capable of planning and control
ling installations and day-to-day operations at sea. 

Please write to: .t. 

Mr. G. T. Harman (Personnel Manager) ··a 
Hunting Sunteys and Consultants Limited , ·. , ' 
Elstree Way, Borehamwood .. 
Herts WD61SB 1 \ 

(1233) 
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Senior Engineer I Engineers 
Have you considered helping to control the technical quality of Independent 
Broadcasting? We take great pride in the fact that our System is one of the best 
in the world and great importance is placed on maintaining the quality of the 
service. 
We are looking for staff to work in our Quality Control Section of our Network 
Operations and Maintenance Department. Within the two units which form 
this section we have the following vacancies. 

Technical Facilities Unit (Ref. WWJ608cc) 
This Unit operates comprehensive technical facilities for use by all the 
Divisions of the Authority within the IBA's Winchester and London 
Headquarters and at many external locations. We are looking for staff who 
have the experience of working in technical operations to the ultimate 
standards associated with UK Television and Radio broadcasters, aP.d who 
know the system's philosophies, as well as the design minutiae, of equipment 
as diverse as television cameras, stereo sound desks, vision mixers, audio and 
video recorders, etc. 
You must be used to "OB life"- self sufficiency in ad-hoc arrangements yet 
producing as professional an output as with permanent facilities at base. 
If you have at least five years' (for the Senior Engineer post) and 18 months' (for 
the Engineer post) operational experience in radio and television, are qualified 
to the equivalent of HNC level in Electrical/Electronic Engineering and want to 
work in a team where Quality is the keyword, we would like to hear from you. 

Quality Control Unit (Ref. WWt6toccl 
This Unit helps to monitor and control the techriicaf quality of both the lTV 
and ILR services. We are looking, therefore. for staff who want a challenge- a 
challenge of dealing with television cameras, film. audio and video recording, 
transmitters and acoustics, to mention but a few of the topics. 
If you have at least three years' operational experience in radio andJelevision 
broadcasting, are qualified to the equivalent of HNC level in Electrical/Electronic 
Engineering and, above all, want to help maintain a thoroughly professional 
broadcasting service, we would like to hear from you. 

All posts involve working away from base and outside normal office hours. 
A current driving licence is essential. 
The commencing salary (depending upon qualifications and experience) will 
be on a range which rises to £11,040 per annum for the Senior Engineer post, 
and to £9,603 per annum for the Engineer posts. Salaries are currently under 
review. Generous relocation expenses will be paid where applicable. 

INDEPENDENT 
BROADCASTING 
AUTHORITY 

These posts are open to both men and women. Please write or telephone for 
an application form quoting the appropriate reference number to Christine 
Gossling. IBA, Crawley Court, Winchester, Hampshire S021 2QA. 
Telephone: 822270. 

VISION ENGINEER 
The Television Centre produ~es a r_ange of colour pro
grammes of broadcast qual1ty wh1ch are supplied to 
s~hools and colleges throughout the UK and overseas in 
VIdeocassette form. 

Applications are invited for the position of Vision Engi
neer to be responsible for the output of the Link 110 
colour cameras. 

(1237) 
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Royal Marsden Hospital 
Fulham Road, London SW3 

Medical Physics 
Technician Grade IV 

required in the Radiotherapy and 
Physics Electronics Workshop of 
the above hospital. The person ap
pointed will work in a small group 
responsible for the maintenance of 
radiotherapy equipment, including 
three Cobalt units, a Philips 10 
MeV Linear Accelerator and oro
th?voltage X-ray equipment. Ap
plicants should have experience in 
electronics or in electrical and 
mechanical servicing. 
They should hold ONC, HNC or 
similar qualification in electrical 
engineering or electronics and 
have at least 3 years' relevant tech
nical experience to . obtain salary 
on scale £4931-£6317. 
~pplicati~n form and job descrip
tion ava1lable from Miss E. M. 
Bewley, Group Personnel Officer, 
Royal Marsden Hospital. Tel: 01-
352 8171 Ext. 446. (1231) 

APPOINTMENTS 
IN 

ELECTRONICS 
to £15,000 

MICROPROCESSORS 
COMPUTERS - MEDICAL 
DATA COMMS - RADIO 

Design, test, field and 
support engineers- -for 
immediate action on 
salary and career advance
ment please contact: 

WE ARE A LEADING FIRM OF 
PATENT AGENTS in private prac· 
ttce in London and ha.ve a vacancy 
for a technical assistant to be 
trained with a view to qualification 
as a Patent Agent. The ideal appli· 
cant will be a young engineering 
(or possibly. physics) graduate 
wishing to maintain a wide interest 
in technology, who is especially 
interested in electronics, not neces· 
sarly from an academic vie.wpoint 
and who possibly has an aversion 
to specialisation and/or research. 
Industrial experience is not neces· 
sary. Apply Box No. ww 1213 . . 

A.T.E. 
ENGINEERS 
CAMBRIDGESHIRE 
£6K-9K. 

The '(ision Enginee_r _will be expected to have practical 
expenence of tel~v1s_1on studio lighting for all types of 
programmes: dut1es mclude control and matching of the 
cameras and a Rank Cintel Telecine_ 

Sever~ I opportunities at various levels with our client 
- a pr_1me mar:ufacturer of computer-based systems. 
E.xp.enence gamed with Membrain- Terradyne or 
s1.m.llar ATE systems/software and a good 

- D1g1tai/_Analogue circuit knowledge would bring 
rewardmg career development prospects. 

~pplicants must possess suitable technical qualifica
tion~, and ~ave a good working knowledge of all the 
equ1pment mvolved. 

The salary scale (ST3) £8,304-£8,916 

Applic~tion fo.rms and further details available from: The 
Educat1on Off1cer (EO/Estab. 1C), Room 365, County Hall, 
London SE1. Telephone: 01-633 7456 

(1212) 

Please contact: Mike Gernat quoting reference: ' 
236A. Tel: 076-384 676. 

Eliii:TIIDNIII: II:DMPUliiiAND MAIIAiliMINT APPOINTMENTS UMRID 
148-150 H•>!h Sl. Bark way Rovslon . Herts SGR REG. · (1227) 
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.URGENTLY REQUIRED 
T.RANSMITTER ENGINEERS 

SHORT WAVE, MEDIUM WAVE 
LOW 8t HIGH POWER 

We have several vacancies for U.K. based installation engineers for overseas p~ojects in 

AFRICA and the FAR EAST 
with periods at manufacturing plants in the 

U.S.A 

For further information please telephone TONY OWERS 

Would previous applicants please reconfirm their interest 

PERSONNEL & ELECTRONICS L TO. 

Triumph House, 1096 Uxbridge Road, HAVES, Middlesex UB4 SOH 
Tel: 01-573 8333. Telex: 934271 

DO Dolby 
TEST SUPERVISOR 

S.London £8,000 + 

Dolby Laboratories have achieved a worldwide reputa
tion for the high quality of their professional audio noise 
reduction equipment which is used in the recording, 
broadcast and film industries_ The high quality is main
tained by extensive testing and precise alignment using 
the best proprietary and in-house designed equipment. 
We require a graduate engineer with appropriate 
supervisory experience to take charge of the Test depart
ment. 

Respo~sib_ilities,.in addition to direct supervision, i~clude 
co-ord1!l~t1on w1th the Sales Department, recruitment 
and tra1n1ng of staff and the review of test methods with 
the Production Engineering Department. 

Salary will be dependent on qualifications and exper
ience. 22 days' annual leave. Non-contributory pension 
and sickness schemes. 

Write or telephone: 
Dan Bleakley 

DOLBY LABORATORIES INC. 
346 Clapham Road, London SW9 9AP 

TeL 01-7201111 
(1236) 

TEST TECHNICIAN 
Telemotive is a company associated with a 
major U.S.A. manufacturer with world 
leadership in the radio control of industrial 
machines, systems and processes, in 
collision prevention, and in other industrial 
electronics activities. 

Our products are founded on the Near Field 
Induction Effect and on other inductive 
techniques. No other U.K. company has a 
comparable product line and our business 
therefore offers experience of unusual 
interest. Training in our techniques is 
provided. 

Continued expansion has created a vacancy 
for a technician whose principal duties will 
be the testing and repair of a variety of 
electronic systems and modules. The person 
appointed will work with a small team of 
engineers but must be capable of operating 
with a minimum of supervision whilst 
maintaining the highest standards. 

Applicants will be expected to have an 
appropriate qualification and experience of 
this type of work. 

Salary will be negotiable and dependent on 
qualifications and experience. The company 
operates a bonus scheme and offers a 
generous range of benefits. Prospects of 
advanc;:ement are excellent. 

Please apply in writing, giving details of 
qualifications and experience, to:-

(1222) 
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Instrumentation 
Engineer 

Taylor Woodrow Research Laboratories, based. in S~uthall, Middles~x, 
carry out a wide variety of ?ivil a~d structural eng1neenng test work wh1ch 
requires instrumentation 1n vanous forms. 

To strengthen our capabilities _in this fie_ld w~ ~re s_ett_ing up an Instru
mentation Group to be responsible for th1s act1v1ty w1th1n the Laborato_ry, 
and we are seeking an experienced Engineer to head up the Group, wh1ch 
will undertake the following: 

* Design and construction of instrumentation for mater~als and structural 
component testing under a variety of extreme reg1mes. 

* Development of innovative measurem~nt technique_s to _be used, for 
example in surveying structures for s1gns of detenorat1on. 

* Development of systems for data monitoring and analysis using 
microprocessors, data loggers, computers, etc. 

* Providing advice to research groups on the design and procurement of 
instrumentation for on-site testing. . 

Suitable applicants are _likelx to ~e _in _their thi~ties, have a dewee' in 
Physics or relevant Engmeenng d1sc1plme, _cons1d~rable electr~n1cs. ex
perience and a proven record of success 1n the mstrumentat1on f1eld. 

For more information and an application form, please contact: 

The Personnel Manager (Ref ROB), Taylor Woodrow Construction 
Limited, 345 Ruislip Road, Southall, Middlesex. 

Tel: 01-575 4596/4286 · (1225) 

Te·chnical Specialist -
Police Operational Equipment 

Chelmsford-based 

This is an opportunity to join the Home 
Office Police Scientific Development 
Branch (at Chelmsford, Essex) and be 
responsible for the day-to-day running of 
the Technical Support Unit. 

The work involves identifying, selecting 
and making items of electronic, optical, 
acoustic and electrochemical equipment 
to support police operations, and 
assisting in these operations; 
constructing new or modifying existing 
equipment, maintaining sophisticated 
equipment at maximum efficiency and 
accurately recording its use; liaising with 
senior police officers and advising on the 
possibilities of new technology to 
improve efficiency. A considerable 
amoLJnt of travelling is involved and 
attendance at irregular hours will 
sometimes be necessary. 

be advantageous. They must have served 
an apprenticeship, or have had 
equivalent training in an appropriate 
subject, and have an aggregate of 15 
years' training and experience which 
must include wide experience in the 
construction and operation of the 
relevant equipment. Some knowledge of 
metal detection techniques, photography 
and the use of closed circuit television is 

Candidates must have an ONC, 
TEC/SCOTEC Certificate or an equivalent 
qualification in engineering, applied 
physics or other relevant subject; a 
higher qualification such as HNC would 

· necessary. Management experience 
would be an advantage. 

Starting salary between £7,000-£8,100 
depending on qualifications and 
experience (salaries under review). 
Promotion prospects. 

For further details and an application 
form (to be returned by 6 August 1981) 
write to Civil Service Commission, 
Alencon Link, Basingstoke, Hants RG211 
1JB or telephone Basingstoke (0256) 
68551 (answering service operates 
outside office hours). Please quote ref: 
T/5599. 

Home Office 
(1239) 
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1. VIDEO ENGINEER. Micro
processor Designer with Video 
or Broadcast experience. 
£11,000. Middx. 
2. CIRCUIT DESIGNER, 
working on control systems 
for handling equipment. 
£12,000. Bucks. 
3. SENIOR ENGINEER. Design 
implementation for time 
recording systems. £10,000. 
Herts. 
4. POWER/CONTROL ENGI
NEER. Working with Exociser 
system on Motorola 6809. 
£9,500. Surrey. 
5. REAL TIME SOFTWARE EN
GINEERS. Avionics, radar or 
control applications. £11,000 
+.Surrey, London, Herts. 
6. DESIGN ENGINEER. 
Domestic equipment for inter
nationally known company .. 
£8,000. Middx. 
HuNofiE'osof: orHEifELE.crR6N.ics

ANo COMPUTER VACANCIES TO' 
Phomiorwrite: £25.000 · 
ANTHONY GILES, M.Sc., C. Eng., M.I,E.E. 

CLIVED-EN CONSULTANTS -
87 St.L&.cm!!!d'$.Road, Windsor, B_~rks 

Windsor (07535) 57818 
24-hour 

INNER LONDON 
EDUCATION AUTHORITY 
Garnett College, Down shire House 

Roehampton Lane. London SW15 4HR 
Tel. 01·789 6533 

SENIOR TECHNICIAN 
GRADE 7-

To be responsible for the technical ser
vice to the Faculty of Science and Tech
nology and particularly for classes in 
electronics, electrical engineenng and 
physics, Responsibilities include super
vision of technical staff. Some interest in 
microprocessors or computers is de-
sirable , ', 
Applicants should have HNC, HND, Ad
vanced City & Guilds or equivalent qual
ifications and a minimum of ten years' 
experience (including training period) . 
Salary scale: £7009-£7873 (rismg to 
£7605-£8542 from 1-7-81) plus £424 Lon
don Weighting . 
Application forms are available from and 
returnable to the college within 14 davs of 
the appearance of this advertisement. ( 1205) 

. TOP JOBS-IN-
ELECTRONICS 

Posts in Comput'ers: MedicaL 
Comms, e.tc. ONC to Ph.D., Free 
service. 

Phone: 01-90& 0251 
(8994) 

HOME AND 
OVERSEAS AGENTS/ 

DISTRIBUTORS 
Well-established companies re
quired for distribution of a com
prehensive range of Electronic 
Test Instruments including: 
Oscilloscopes, Signal Generators, 
Multi meters 

Enquiries to Universal Engineers 
Consultants Ltd, 92 Preston Road, 
Wembley,Middx. Tel: 01·9044265 

11202) 

R Be D OPPORTUNITIES. Senior 
level vacancies for Communications 
Hardware and Software 'Engineers, 
based in West Sussex. Competitive 
salaries offered. Please .ring David 
Bird at Rediffusion Radio Systems 
on 01-874 7281. (1162 
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ELECTRONICS TECHNICIANS 
Total involvement across tbe spectrum 

· -of advaaced communicatioas 
The Government Communications Headquarters at Cheltenham is one of 

the world's foremost centres for research, development and production in 
the fields of voice and data communications and communications security. Its 
comprehensive facilities, some of them unique, are geared towards 
producing creative solutions to complex communications problems using 
state of the art techniques including computer /microprocessor applications. 

There are currently opportunities for those with proven practical 
experience in electronics to become totally involved in complex systems 
spanning the whole spectrum of electronics technology, As a 
Telecommunications Technical Officer you will supervise a team oftechnicians 
involved in the management, construction, installation, testing, 
commissioning and maintenance of advanced technology systems in the UK 
and abroad. Alternatively you will provide vital support for project engineers 
and research scientists involved in planning, research and engineering 
development. 

You will take part in most areas of activity and typical examples of current 
projects include:-
Space communications 
Equipping and maintaining new earth stations. 
Microwaves 
Designing special aerials and electronics for mobile units. 
Computer Systems 
Providing advanced, automated office systems and high speed computers. 
Digital Communications 
Providing a complex and comprehensive computer network system. 
Analogue Communications 
Designing and equipping radio stations. 

Most of these opportunities are in Cheltenham but there are others 
elsewhere in the UK and your preference for location will be taken into 
account. There are also many opportunities to work overseas, 
Cheltenham 

A significant advantage for people working at GCHQ in Cheltenham is its 
location in this elegant Regency town set in the heart of the Cotswolds. You 
can choose to live in the town itself, or in one of the delightful villages that 
surround it. Either way, you will have easy access to good shops, schools, 
sports facilities and cultural amenities in Cheltenham and nearby Gloucester, 
and also enjoy fast road/rail links to London, the Midlands and the West 
Country. RELOCATION ASSISTANCE MAY BE AVAILABLE. 
Qualifications 

Candidates must possess a TEC Certificate in Electronics, 
Telecommunications or similar disciplines; or a City & Guilds Part II 
Telecommunications TechniciaRs Certificate or Part I plus Mathematics B, 
Telecommunication Principles B, and either Radio Line Transmission B or 
Computers B; or an equivalent or higher..qualification. In addition, all 
candidates must have had appropriate training and will normally be expected 
to have had 4 years "hands on" or proven managerial experience in radio, 
telecommunications, computers and microprocessors. There are also 
opportunities to join GCHQ at Radio Technician level. 

Starting salary will be in the range £5310·£7170 depending upon 
qualifications and experience. There are good prospects of promotion to 
posts with salaries of up to £11,100, Salaries under review. 

For further information and an application form (to be returned 
by 6 August 1981) write to Civil Service Commission, Alencon link, 
Basingstoke, Hants, RG21 UB, or telephone Basingstoke (0256) 
68551 {answering service operates outside office hours). 
Please quote ref: T /554 7/2. (1228) 

GCHQ 

ELECTRONICS 'tECHNICIAN re· 
qutred by Department of .Pharma· 
c:olo~y VCL, to work hi the Elec
tromcs Workshop. Duties w~uld in· 
elude the design, CO!'I~truct10n and 
maintenance o.f. a. Wl!le range ~f 
tiOphisticated equ1pment used . 1n 
teaching and research laboratones. 
Candidates should hold HNC or 
equivalent and have good know· 
ledge of electronics, including diii· 
tal circuitry. Salary will be either 
Grade 5, £6,711 to _£7666: or Grade 
IS. £7,548 to !8,818 mcl';lSIVe of La~· 
don Weighting, acco.rdmg to quab· 
fications and ex.penence. Applica· 
tion form from Personnel Officer 
(Technical Staff FE4,WW>, Vni· 
versity 'College London, Gower St 
WClE 6811'. (1211 

in the heart of 
the Cotswolds 

If so let us show off your attributes in the market place. There are hundreds of current 
vacancies including: . 
ANALOGUE DESIGN ENGINEER for new generation of modems and multiplexers. Exper
ience active filters or analogue signal processing . Salary high but confidential . Berks, 
PROJECT SUPPORT ENGINEERS. Specialist antenna and communication engineers to 
interface between manufacturer and multinational contractors. To £14;000. Herts. 
PROJECT LEADER for ml?u controlled test equipment to be used in M.O.D. field trials. 
Experience mpu HW/SW In defence environment essential. Salary negotiable at £10,000. 
West Country. 
REPAIR ENGINEERS for high-level technical support on mpu development systems, 
single board computers and memories, To £8,000, West Country, 
A.T.E. PROGRAMMERS for manufacturing companies systems houses and research 
centres. To £10,000, Many locations. 
SERVICE Computer and Scientific Instrument Service. Vacancies throughout country for 
experienced Engmeers particularly D.E.C. Data General, Hewlet Packard. Excellent sala-
ries. -
SERVICE/OPERATIONS ENGINEERS. Video equipment used in film and T.V. industry. To 
£8,000 London. 
For further details, contact: 

Charles Airey Associa_tes 
4 Hammersmith Grove. London W6 ONA. Tel: 01-741 4011 (12 

DIGitAL lXPERiENCE?. 
FIELD, SUPPORT AND . 

PRODUCTION. VACANCIES IN 
COMPUTERS, NC, COMMS., 

MEDICAL, VIDEO. ETC. 

For free registration ring 
0453 883264 
01-290 0267 

.L~X 
ELECTRONICS RECRUITMENT SERVICE 

LOG EX HOUSE, BURLEIGH, STROUD 
GLOUCESTERSHIRE GLS 2PW 
TEL 0453 883264, 01 -290 0267 

www.americanradiohistory.com
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CENTRAL SERVICES DEPARTMENT 

OF THE SCOTIISH OFFICE 

Wireless Technicians 
(£5,300-£7,060) 

Applications are invited for 4 posts of Wireless Technician in the 
Central Services Department of the Scottish Office. The posts 
are based in Inverness, Edinburgh, East Kilbride and Montreath
mont, Forfar. Candidates must hold an Ordinary National Certifi
cate in Electronic or Electrical Engineering or a City and Guilds 
of London Institute Certificate in an appropriate subject or a 
qualification of a higher or equivalent stanoard and have 3 
years' appropriate experience. 
A clean current driving licence and ability to drive private and 
commercial vehicles are essential. 
Application forms and further information are obtainable from 
Scottish Office Personnel Division, Room 110, 16 Waterloo 
Place, Edinburgh EH1 3DN (quote ref PM(PTS) 2/5/81 (031-556 
8400 Ext. 4317 or 5028). 
Closing date· for receipt of completed application forms is 10th 
August, 1981. 

(1214) 

OLDCHURCH HOSPITAL 
ROMFORD, ESSEX RM7 OBE 

Electronics Technic.ian 
Salary scale, Medical Physics Technician Ill, commencing £5,750 
{or at 23 years or over £6,832) rising to £7,277 per annum inc
luding London Weighting. 
Electronics Service Technician to work in the new District De
partment of Bio-medical Engineering. 
Applicants should hold a minimum of ONC in a relevant subject 
and have held a post at Technician IV, or equivalent, for at least 
three years. They should have experience in the running of a . 
planned preventive maintenance programme and in the day-to
day service requirements of the increasingly complex techno
logical environment to be found in a General Hospital. 
For further information contact: Mr. R. North, Head of Bio
medical Engineering Department, at the Hospital. Tel: Romford 
46090, Ext. 3326. 
Closing date 12th August, 1981. 

(1221) 

logic and Television 

ENGINEERS 
We urgently require a Logic Engineer with practical ex
perience of fault-finding on microprocessors and T.V. 
monitors .. 

Interesting and varied work in the Leisure industry. Good 
. salary - negotiable. Prefer 25 or over. Prospects for the. 
right person in this leading company which is a sub
sidiary of Trusthouse Forte. 
This is not a field service appointment. Candidates must 
therefore live within reasonable travelling distance. 
Apply in writing and strict confidence to: 

J. C. M. Pryde, Esq., Managing Director 
LONDON COIN MACHINES L TO. 

22/24 Bromells Road, London SW4 OBQ (12241 

NORTHERN REGIONAL HEALTH AUTHORITY 

ELECTRONICS 
TECHNICAL ASSISTANT 

Required for Regional Engineer's Division, based at Walkergate, New-
castle upon Tyne. . 
The appointment will be at Technical Assistant Grade 1. Salary £6633-
£7824 per annum. 
The post offers technologically interesting and varied work, with excel
lent working conditions and well-equipped laboratories, and involves 
visits to hospitals throughout the Region, for which financial reimburse-
ment is made. . 
Applicants must be of high calibre and have had considerable and broad 
experience with modern electronic equipment. • 
Minimum qualifications: HNC or City and Guilds Full Technological Cer
tificate in Electronic Engineering or equivalent 
Application form and job . description from the Regional Personnel 
Officer, Northern Regional He,alth Authority, .Benfield Road, Newcastle 
upon Tyhe NE6 4PY. 
Closing date: 31 July 1981. (1203) 
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~-------tTRAniiD 
VIDEO 1' 

We, a progressive Broadcast TV facilities CC?mpany, 
require an experienced and capable ElectroniCS Engi
neer to take responsibility for the maintenance and 
development of our electronic equipment and CMX 
computer system. 

This is a senior role within the company and the salary 
and conditions will reflect the level of the person re
quired. 

Suitable applicants ring: 
R. Knibbs on 01-722 9255 

TRANSVIDEO LIMITED 
ST. JOHN'S WOOD STUDIOS, ST. JOHN'S WOOD TERRACE 
LONDONNW8 

(1238) 

- · ····- -· ·· : CA"' Pit' . .. . AL 'CAPITAL HOUSE 29-30 WINDMILL 
STREET 
LONDON W1P 1HG 

APPOINTMENTSlJb TEL:01-637 55_51 

tHE UK's f,lo. 1 ELECTRONICS AGENCY 
Design, Dev. and Test to £10,000 

· Ask for Brian Cornwell 

SALES to £1 2,000 plus car 
Ask for Maurice Wayne 

FIELD SERVICE to.£1 0,000 .pl~s ca~. 
Ask for Paul Wallis 

We have vacancies in All AREAS of the UK ' 

Telephone: 01-637 ~~~-1- ~~ _li~e~)- ._ . (291) 

NOTTING DALE TECHNOLOGY CENTRE in West London, trains young une 
people in electronics, computing, and the development and production of electronic 
devices - particularly aids for disabled persons. The training workshop part of the 
Centre is run through the YOPS programme. A major thrust is being made to fl~at 
both co-operatives and small businesses, employing ex-tramees In both commercial 
and need-based areas. 
Two staff vacancies have arisen: 

WORKSHOP MANAGER 
An electronics engineer is required to .set up and run the new workshop. The post 
involves some teaching of employees; a close relationship with Centre staff; the 
development and organisation of production of aids for the disabled and liaison with 
concerned organisations. Experience in small scale production and/or teachmg would 
be an advantage. 

INSTRUCTOR . 
To work with 16-18 year-old trainees in the workshop. Instruction is provided in 
electronics and computer programming. Ideally the person !'IPPOinted would have 

. some experience in both fields, and possibly also have been mvolved 1n teachmg: A 
concern for the welfare of trainees and a willingness to take part of a collect1ve 
responsibility for the running oft he Centre would be essentiaL . 
Salaries for both posts around £7.500. Please apply in writing enclosmg full c.v. to: 

Reg Ellwood 
NOTTING DALE TECHNOLOGY CENTRE 

191 Freston Road, london W1 0 6TH 
(1240) 

Piccadilly Radio require a 

Broadcast Engineer 
to be involved in all aspects of station engineering: Preference will be given to people 
having experience in this field. Salary will be in the grade LL.R.2 and the company 

also runs a bonus sr.heme 
Apply: Phil Thompson 
Chief Engineer · 
Piccadilly Radio 
P.O. Box 261, Manchester M60 1QU (1204) 
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r Visnews 
Broadcast Facilities 

Rapid expansion in the commercial activities of the 
Broadcast Facilities Division of Visnews Limited has 
resulted in the creation of immediate opportunities for 
suitably qualified and experienced personnel. 

Vacancies exist for the following: 

Videotape Editors 
Operational Engineers 
Maintenance Engineers 
Videotape Operators 

The Division provides television production, post 
production and distribution services to a wide range 
of customers in the UK and overseas including major 
broadcasters, production houses and record 
companies. 

In addition to the above, the activities of Visnews 
include the world's largest Television News Agency, 
satellite communication, sponsored productions and 
overseas training programmes. Growth in the · 
Company provides ample opportunity for career 
development. 

We are offering an attractive remuneration package 
which currently ranges from circa £8,500-circa £13,000 
per annum dependent upon qualifications, experience 
and pattern of work. Our comprehensive benefits 
package includes contributory Pension Scheme, free 
Life Assurance, car parking facilities, subsidised 
canteen and bar. 

Applications in strict confidence to: 

Miss Alison Newel 
Personnel Manager 
Visnews Limited 

~ ~ 
Cumberland Avenue 
Park Royal 

(1229) London NW10 7EH 
VIS NEWS 

~~~· ~~ 
Exeter Health Care District 

Basic Grade 
Electronics Engineer/ 

Physicist 
to join a team of graduates and technicians responsible for 
the overall management of electronic equipment used to 
monitor and treat patients. The person appointed will be 
expected to partake in the routine p.p.m. and servicing of a 
wide range of instruments. There will also be scope for some 
design and development work. 
Applications are invited from those who possess a Degree or 
equivalent qualifications and have an interest in this type of 
important work and also wish to assist in developing an 
associatio_n with_ t~e Audiological Service. Adde~ to this are 
the benef1~~ _of l1vmg i.n a very pleasant area w1th excellent 
sailing fac111t1es, etc. 
Starting s~lary £5,346-£5,958 p.a. according to qualifications 
and expenence. 
Contact either Dr. D. James, ext. 2278 or Mr. J. Burgess, ext. 
2240 for further details. 

Application form and job description from P~rsonnel Depart
ment, Royal Devon and Exeter Hospital (Wonford), Barrack 
Road, Exeter. Tel. 77833, ext. 2188. 

(1230) 
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Develop your 
potential 

in our future 

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. 

. To 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 ~ell: 

If you would like to develop your potentJBIIn the 
exciting future of Europe's leading test equipment 
specialist, complete . marconl 
the coupon and send 

~;~~~~-attheaddress Instruments 
Return this coupon to John Prodger, Marconi Instruments Limited, 
Freepost , St Albans, Hertfordshire, A L4 OBR Telephone: St. Albans 59292 

A GEC-Marconi Electronics Company r:=--- -=--="l 
I 

dre$ I 
I 

TelephoneWork/Ho

0
me{ifconv

0
enient) O O I 

Years of 
experience 0-1 1-3 3-6 Over 6 

I Present D D D D I 
salary £~ ~· ~ ~@ 

allf1cat1ons None C&G HNC Degre~ 
esentJob ---------------------------------- ---
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Telecommunications Engineer-
. Offshore 

ARABIAN GULF 
BP wishes to recruit an experienced Tele
communicationsEngineeronanoverseas 
short service agreement - minimum 3 
years- for service with Abu Dhabi Marine 
Operating Company based offshore. 
The successful candidate's main duties 
will be the direction and control of the in
stanation, maintenance and operation of 
telecommunications equipment in off
shore areas. This includes MF radio 
beacons, HF, SSB networks, automatic 
dialling radio telephones, VHF and UHF 
aircraft stations, VHF ship stations, multi
channel microwave circuits with 
associated multiplex equipment, mobile 
VHF radios, small telephone exchanges 
and telephone distribution etc. 
Applicants, aged 27 to 45, must possess . 

B.Sc in telecommunications engineering 
or equivalent, with at least 5 years' 
experience in repair of radio and related 
telecommunications equipment. 
This post is offered ori an unaccompanied 
basis. The working schedule is 29 days 
P.uty followed by 27 days off duty, with 
fares paid to the UK. 
A progressive salary dependent on age, 
qualifications and experience is paid in 
local currency and will be in the range 
Dirhams 8, 760 to 10,660 per month at the 
current exchange rate of approximately 
Dirhams 7.2=£1. This equates to around 
£1217 to £1480 per month. Benefits include 
salary presently free of local tax, free air
conditioned accommodation and free 
medical attention whilst on site. 

Please write giving details of age, qualifications 
and experience, quoting reference ZH.l, to: 
Mrs. S.J. Bartholomeou, Central Recruitment, 
The British Petroleum Company Limited, 
Britannic House, Moor Lane, London EC2Y 9BU. 

ALWAYS AHEAD WITH 
THE BEST! 
£5,000-£15,000 
PDP 11: NOVA: ECLIPSE: Z80: 8080: 6800: BIT-SLICE: TTL: 
EC.L: RADAR: SONAR: SATCOM: Phototypesetters: Wordpro
cessors: Flight Simulators: ATE: Electro-Medical: Teletext: 
Data-Comms: Automation: Microwave? 

Where does your skill and interest lie- · 
Design? Test? Service? Software? Consultancy? or perhaps Research? 

* Our clients are drawn from all sectors of industry: 
* There are opportunities for Managers, Project Managers, Engineers and Technicians. 
* Most UK locations and some Overseas. 
* Make your first call count- Contact MIKE GERNAT on 076 384 676/7 (usually unti/8 p.m.) 

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED 
148-150 High St., Barkway, Royston, Herts SG8 8EG. · 

ENSEE ELECTRONICS 
Electronic equipment manufacturers. 

Low volume assembly and sheet metal 
specialists 

Bruce Grove 
Industrial Estate 

Wickford 
. Tel : Wickford (03744) 4084 

11217) 

CIRCOl.EC 
THE COMPLETE ELECTRONIC MANUFACTURING SERVICE 

Let us realise all or any part of your project from prototypes to 
production , from artwork design and ·component sourcing , through 
assembly and test to final quality assurance, packing and delivery. 
We also provide a test, repair and modification service to suit your 
individual requirement. 

Free Offer! Ring for details of a free introductory offer to our sub-contract 
PCB assembly service. · 
CIRCOLEC FREEPOST (no postage requ.ired) London SW17 BBR 

Telephone: 01-767 1233 
NEW! Access, Barclaycard, Diners Card now welcome for payment. (544) 

(1118) 

P.C.B. MANUFACTURE 
AND ASSEMBLY 

Wave Soldering and inspection. High
quality PCBs from your artwork, Proto
type design. Artwork from your circuit. 
Plate through hole PCBs. Silk screen re
sist and legend. Fast turn around. 
Endean Communications Services Ltd., 
Baileys Mill, The Cliff, Matlock, Derby-; 
(0629) 4929. Tlx. 378267 ECS G. , 

1849
) 
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Research Machines is looking for an experienced 
electronics technician to join the small in-house 
team servicing our very successful and widely 
used microcomputers. 

good relevant experience would outweigh 
any lack of formal qualifications; 

0 Initiative and a sense of responsibility; 

With several thousands of our 3802 systems in 
use, and a major range of very exciting new 
products about to be launched, the ability to 
maintain a high level of customer satisfaction is 
extremely important. Fast, efficient, effective 
servicing and repair is, therefore, particularly 
important to us. 

0 · Knowledge of microprocessors is not 
necessarily required, as long as you have a 
strong desire to acquire expertise in this 
field. 

Succesful candidates should have: 

Starting salary is between £5100 and £7600, 
depending on age and experience, and we also 
offer a number of valuable benefits such as free 
BUPA, life, and disability insurance. A pension 
scheme is being introduced. 

0 Experience of working with complex TTL 
logic boards; 

0 ONC, HNC, or A level qualifications, but 

If you are interested in this vacancy, please 
contact Mrs Ann England, by phone or letter, 
for an application form, quoting OT 7/1. 

RESEARCH MACHINES 

RESEARCH MACHINES LID Mill Street, Oxford OX2 OBW, Tel: (0865)49791 
-- ~--------~~----

ROYAL MILITARY COLLEGE OF SCIENCE 
SHRIVEN HAM, SWINDON, WILTSHIRE 

RESEARCH SCIENTISTS 
DEPARTMENT OF ELECTRICAL AND ELECTRONIC ENGINEERING 

INTERACTION OF MICROWAVES WITH THE HUMAN BODY 
Applications· are invited for a research post concerned with innovative electromag
netic engineering design work on microwave antennas and devices for inducing 
hyperthermia and monitoring tissue temperature. This research is sponsored by the 
Medical Research Council and will be carried out in collaboration with the MRC Unit, 
Hammersmith Hospital where the clinical applications of microwaves to cancer treat
ment is being investigated. 
This is a Period Appointment with a duration of three years. 
Appointment will be made at Senior Research Scientist/Higher Research Scientist 
level according to qualifications and experience. 
QUALIFICATIONS: Applicants must hold a good honours degree in physics, mathe
matics or engineering and have the ability to carry out experimental and engineering 
design work in, microwaves. 
SALARIES: Higher Research Scientist (minimum of 2 years' postgraduate experience) 
£6,075-£7,999; Senior Research Scientist (minimum of 4 years' postgraduate exper
ience) £7,644-£9,619. 
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 obtained from the Civilian Admin 
Office, Royal Military College of Science, Shrivenham, Swindon, Wiltshire SN6 8LA; 
Telephone 0793-782551 Ext. 421. Please quote reference HO 120/1/122. 
CLOSING DATE FOR APPLICATION 6th August 1981. (12ool 

SERVICES 

ELECTRONIC DESIGN SERVICES. 
MICROPROCESSOR HARDWARE and 
SOFTWARE design facUlties have 
now been added to our established 
expertise and eGmprehensive test 
facilities previously available to 
you for ANALOGUE and COM.IriUNI
CATIONS designs. - For fastest 
results please phone Mr. Anderson, 
Andertron1cs Ltd, Ridgeway, Hog's 
Back, Seale (nr. Farnham), Surrey. 
02518-263e. (2'75) 

DESIGN SERVICE. Electronic De· 
sign Developmen-t and Produetion 
Service av.ailable ln Digital .and 
Analogue Instruments, RF Tr-ans
roUters and Recedver.s for control of 
any function at any ran-ge . Tele· 
metry, Vid.eo Trans.mitters and 
Monitors, Motorised Pan and TUt 
Heads etc. Su'Jipliers to the Industry 
tor 16 years. Phone or write Mr. 
Falkner, R.C,S. Electroni-cs, 6 Wol-
sey Road, Ashford, M.iddlesex. 

NOT JUST a PC.B assembly service 
speciallsing in large boards, 
carrying upwards of 500 compon
ents but a broad based manu
facturing fa.cility that includes con
trol panel fabrication using any 
combination of,. technologies from 
"chips" and trtacs to relays and 
motor contactors (max. llOk'W) . 
Delivery throughout UK. Electronic 
Assistance Ltd, 492 Hitchin Road, 
Luton. Tel: Luton (0582) 20505. 

Phone Ashford 53661. (83-ll (1173 -------- -- ··-----

Classified 
COURSES 

·BE A COLOUR -
T.V. ENGINEER 
Two years' full-time Higher 
Diploma Course in Electronics, 
Colour T.V. and V.C.R. Next course 
commences September 1981 and 
January 1982. 

Apply to: The Registrar 

REESWOOD COLLEGE 
299a EDGWARE ROAD 

LONDON W21BB (1219) 
Telephone 01-402 9985 

TENDERS 
----

Coventry (Lanchester) 
Polytechnic invite 

TENDERS 
for the supply of 

A CLEARTONE 
WALKIE-TALKIE SYSTEM 

Tender Forms obtainable from The Finance 
Officer (MOD), Coventry (Lanchester) Polytech
nic, Priory Street, Coventry CV1 5FB are return 
able by 4 p.m. on Friday, 31st July, 1981. (1207) 

SERVICES 

FACILITIES AVAILABLE 
* Circuit Design & Development 
Digital and Analogue 
* Artwork Layout 
Free prototype bd. (non PTH) 
Supplied with orders over £100. 
*Board Manufacture 
Prototype to semi-production. 
*Wiring & Assembly 
PCB assembly, w iring and cable forming . 
*Test 
Full test facilities available. 
*Copper Clad Board 
0/S fibreglass 1000 Sq inches of assorted 
useful sizes. £6:oo inc. post. 

One or all services avail-fjjJ 
able, no order too small. 
Please telephone Chelms-
ford 357935 or write to 
H.C.A., 1 Bankside, off New 
Street, Chelmsford, Essex. 

(1i69) 

PRINTED CIRCUIT 
BOARDS 

Manufactured, any· quantity, competitive 
prices, roller tinned, photographjc and 
artwork services available. 

MAYLAND PCB CO. LTD. 
4 The Drive 

Maylandsea, Chelmsford, Essex 
Tel: 0621 741560 

1997) 

BOARDRAVEN LTD. 
PRINTED CIRCUIT BOARDS 

Manufactured to your specifications. Single/dou
ble sided. Very speedy deliveries on prototypes 
and quantity. Master layouts if required. 
Contact: 
J . K. Harrison. Carnaby Industrial Estate, Brid· 
lington, North Humberside V015 30Y. Tel. 
(0262) 78788. 

(1168) 

SMALL IIATCH PC•'• produced 
from your artwork. Also DIALS. 
PANELS, LAHLS. Camera work 
undertaken. FAST TURNAROUND. 
- DetaUs: Winston Promotions, I 
Hatton Place, London EClN IBV. 
Tel. 01-401 4127/0880. <1114 

SHEET METAL WO·IlK, fine or 
gene.ral front pan·eJs chassis, 
covers, boxes, pro:totypes. 1 off or 
batch work, fast turnround. 01·4.V 
2895. M. Gear Ltd., 179A Victoria 
Road, New Barnet. Herts. (812 

DESIGN AND DEVELOPMENT. 
ANALOGUE, DIGITAL, RF AND 
MICROWAVE CIRCUIT AND 
SYSTEM DESIGN. Also POB design, 
mechanical design and prot()type/ 
smal·l batch production. - Aden· 
more Limited, Unit 103 Llseom1be, 
Bracknell, Berks. Tel: Braclmell 
52023. (&51 

TURN YOUR SURPLUS C.apadtors, 
'trans•lsto.rs, etc, into cash. Contact 
CQLES-HA&DINIG &: Co., 103 South 
Br.lnk, Wisbech, Cambs. 0945-4188. 
Immediate settlement. We also wel
come the opportunity t() quote for 

. complete factory clearance. (!»509 
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FIELD SERVICE 
ENGINEERS 
to £11,000 National 
Experience in minicomputers/peripherals. 
Ref: MS/8400 D 

0 I am interested in other vacancies 

This is just a representative selection 
of the hundreds of career openings 
available through The Lansdowne 
Appointments Register. 

VIDEO ENGINEERS/ 
TECHNICIANS 
to £11,000 N.W. London/Middx 
Practical experience in video/broadcasting/TV/studio 
equipment. Ref: LE/9391 0 . 

Complete the coupon. indicate your 
job preference by ticking the 
appropriate box(es) and return this 
advertisement to us. 

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

CALIBRATION/REPAIR 
TECHNICIANS . 

Address 

to £10,000 W. Gennany 
Experience to cover Measurement/Calibration!festing. 
Ref: LE/9477 0 
TEST/COMMISSIONING 
ENGINEERS 

· · · · · · · · · · · · · · · · • · · · · · · · · · · · WW8/81 

to £7,000 W. Midlands 
Background in Testing of Digital or Log1c Circuits. 
Ref: JL/8441 D 

Take advantage of our fast, effective, 
free andfullyconfidential service 
now -post your reply to: Stuart Tait. 
The Lansdowne Appointments 
Register. Park House. The Vale, 
London W3 7QB. Alternatively phone 
for your Career Summary form on 
01-743 6321 (24 hour answering service). 

ARTICLES FOR SALE 

' · _ -- -- IIULK _BUYE_RS __ Q_N_LY __ 
Large quantities of Radio, T.V. and Electronic Compinents. 
RESISTORS CARBON & C/F Ya, '4. ¥2, %. 1 Watt from 1 ohm to 
10 meg. 
RESISTORS WI REWOUND. 1 Y2. 2, 3, 5, 10, 14, 25 Watt. 

-CAPACITORS. Silver mica. Polystyrene. Polyester. Disc Ceramics. 
Metalamite, C280, etc. 
Convergence Pots, Slider P~ts, Electrolytic condensors. Can Types. 
·Axial, Radial. etc. -

Transfor:.1·!'ers •. chokes, hop_ts, tuners. _s_peaker~. ca.~l_es._sc~ee.-'!~9_wires, · 
,c::onnectm9 w1res,_ scr~w.s. nuts,_trtnslstors, ICs. Oioa~s. etc .•. etc. 

All at Knockout prices. Come and ~ay us a visit. Telephone 445 2713, _ 
445 0749. J ' 

BROADFIELDS &-MAYCO-DISPOSA-LS -
21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tal~y ~o Corn~r. i (9461 )_. 

RACAL COMMUNICAllONS RECEIVERS. 
500kc/s 30mc/s in 30 bands 1MHz wide. RA17 
£1 .50. RA17L £200. Or a few as new £250. 
RA117E £300, all air tested, supplied with full 
manual, dust covers, in fair condition, new metal 
louvred case for sets £25. RA98A SSB-ISB adap
tors, new and boxed with manual £75. RA96D 
used with manual, £75. RA218 SSB-ISB adaptors 
and fine tune units for RA117 £65. 

MARCONI SIGNAL GENERATOR TFBOiD/1 TO 
as £85 to £150. 
MARCONI R.F. RADIATION & POWER METER. 

~ 1~~on~c.T~~~~:~ ~~~~n ,llXer.,~9'::~~ ~~~~~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. Seri~s 7£100 to £200 ea. Collected. 

EXTEL TRANSTEL MATRIX PRINTERS. 5 level 
Baud~! Code. Accepts speeds up to 300 bauds. 
Supplied sat to 50 and 75 bauds switched 
Tested with manual,£165. · 

~~~i~~~i~~e ~~~~~~ d~~~~ ~~~i";;e ~~M~:!~~k~: · 
S.A.E. all enquiries. Phone for appointment for 
demonstration of any item. JOHNS RADIO, 
WHITEHALL WORKS, 84 WHITEHALL ROAD, 
BIRKENSHAW, BRADFORD. TEL. BRADFORD 
684007 (9.30 a.m.-1 p.m.). (848) 

Tl:moiux 4el5 dual tl'lace ascmo
SCD'pe DC-1100 . K,M:, . snw-5v-Div .. 
Full d·el•a-ye!d- sweep~ ll,ilOO o.no. -
Plbf)ne Blt~rolrnell (a3-K) 5N315. 

- . . (:12:.t-5 

ADYAIIC'E CONSTANT VOLTAGE 
TaANSFDRNEa 500W. 230v 19 

2GOv input. Type MTiG2XA. .£15. 
Wireless. Worlds 1948 .: to 1969 with 
Inde-x . . .1\lmost complet~. !40 .. Buyer 
collects: Tel: Eastbourn·e 25371. 

0210 

SCoPEx .fD ... 25 oseilloscOip•e !5 mhz 
band wld•th, d:u'al beam 1\vt-t.h Vwo 
switlehed XIXJ10 ,prOibes·; m-anua,(, 
unused a:nd- still in blolv, £295 ono. 
- Tel: llr M·as.terman. ·Day: Wf!Y· 
blr~'dlge t7121812• eu 351, Etve: Oil-288 -
8!53: (1244 

CAPACITORS 
01 mfd 250V Polyester mini box 3p_ 
1 mfd 250V Polyester minibox Sp. 
1 mfd or 47mfd 35V tantalum bead 7p. 

DIODES 
IN 4002 21J2p. IN 4148 11J2p. IN 5404 11 p. 
Zeners any voltage 400MW Sp. 1 W 7p 

ICs 
CA741 16p. NE555 26p. LM380 5tlp. LM 301 26p. 
CD4001 CD4011 16p. CD4017 52p. SN7400 to 
SN7440 9p 

IC SOCKETS Tl 
Gold 14 and 16-way 6p. Silver 24-way 16p. 

TRANSISTORS 
BC1828, BC183B, BC184LB, BC212B, BC214LB, 
BC557, T1591, 2N3704... .. .6p 
BC107B, BC108, BC109, BC327, BC337, BCY70, 
2N3906, 2N5550., .... .. .......... ........... .......... .. .. .. ..... 9p 
BFX29, TIP30, TIP31A, TIP32A .... ...... .. .. .. .. .. .... 29p 
TIP41A. TIP42A, TIP110, TIP112, TIP115, TIP2955, 
TIP3055, 2N3055 .. .. .......... ... .. . .... .......... .. ..... 39p 
BU208. MJ2501, MJ3001 , 2N3772 ...... .......... £1.29 
C.W.O. Carnage paid. VAT extra 15%. 
lt.emised invoice will be included with every con

. s1gnment . 
CRIMSON COMPONENTS LTD. 

Mercantile House, 99·101 St. leonard's Road, 
Windsor, Berks. Tel. 07535 57340 (1171) 

IIEW suaPLUS CO,N·NIIEIITS. R's 
at 0.5p. C's, 1N4148 at lp. B!C182, 
DC_20~ •• BC212 at 2p. BSS15, BSS17 
•t 5p; ·Pots; Coils, IC's. Presets, · 
Xtals, Zeners; huge stocks. SAE 
list. F: B. Stephen. 148 Grange 
Road, Letchworth, Herts. (12&1 

WAVEGUIDE, fta,nges·.:;.and :dishes. 
All . standard st~~s · ;.apd alloys In 
stock. Sp!'cial 'Sl~.es.:.;-lb:; order. Call 
Earth s·t~tttons, ·o1•'1'8 .'.7871 . .. 22/24 
Howie Street, · London · .SWU .CAR. 

(1218 

~ <1'!r~) .£3 .. 95.- 4 fw !15.:5(r. 
1Nt:ll.'418 m £1. 81C1W /S/'9 replace
ments __ Sp. V.A"I' is inc:luded. P&<P 
.«lp under 110. - Mail order to 
W'e!Sex OO!~'nents. 17 C'ripsteald 
J-;~1)~; ~~hic;ihester. Phone WinCihtester 
(0~) ' ~~- (1214'3 

(1223) 

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 
DIGITAL ICS ... HOW THEY WORK 
AND HOW TO USE THEM, by A. 
W. Barber Price: £5.75 
ELECTRONIC DESIGN WITH OFF 
THE SHELF INTEGRATED CIR· 
CUlTS, 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· 

' CUlT DESIGN, by J . E. Oleksy 
Price: £6.50 

WORLD RADIOfT.V. HANDBOOK, 
. by J. M. Frost Price: £10.50 
; 1981 THE RADIO AMATEUR'S 
_HANDBOOK, by A.R.R.L. 

Price: £8.00 

ALL PRICES 
INCLUDE POSTAGE 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Technical Books 

19-21 PRAED STREET 
LONDON W21NP 

Phone 402-9176 

Closed Sat. 1 p.m. 
(8974) 

ENCAPSULATING, coils, .. triUWorm· 
ere, components, degassing, am
cone ru,bb-er, resin, epoxy. Lost 
wu c-astin&' tor br.ass,~ bronze, sil· 
ver, etc: •. Impre.gn.atln.g coils, . trans· 
formers, CODliPonent.s. Vacuum 
equipment low cost, u~d and new. 
AlSO for CRT regunnlng met· 
alUslng. Research & Development. 
Barratts, Mayo Road, Croydon, 
ORO 2QP. 01-t84 ttl7. (8678 

MAilCON' T.F "5 B/Z, mint conc1i
&ion. Marconi TF 2011 late moc1el. 
A,lso other test equipment. Phone 
85&2-425721/414717. (1220 
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ARTICLES FOR SALE 

TELETEXT, TV · SPA:a-ES • . TEST 
EQUI"NENT, TELETEXT. Latest 
external unit tit lnel. Tez·as XMll 
DecO-der 1101VML and intrl&·red 
remO>te control £248, p/lp t,2.80 (fut· 
ther details O>n request): Also M-K1 
e:~~ternal unit .klt incl. 1\exas XMll 
decoder, speetal "offer prlce nea 
PIP , £2.80. Both kHs tncl. UHF 
modulatO>r, ·and plug into TV tet 
aerillil socket. SPECIAL OFFER 
TEXAIS XM.U Decoder, new and 
tested, limUed quan:tlty at i prlA:e, 
£60 p/p £1.40. Stab. power sup-ply 
<5v) tor Teletext de.coden;, £1.80, 
PIP .£1. Thorn design XMU Ulter
tace unit, .£1.80, p/p BOp. NEW 
SAW FIL'I\ER IF AIMIP PLUS TU·N,tR 
<complete · &' tested tor sourid - & 
vision), .£28.50, p/p .£-1. COLOUR 
BAR lc ·CilO'SS H-ATCtH GENERATOR 
KIT <MK4) PAIL; UH·F aerial input 
type, 3 ve,rUcal colour baN, 
R·Y, B·Y, g,rey scale, etc, P/B con· 
trols £35. Batt holders £-1.·50 or stab. 
mains power . a,upply kl.t !4.80, De
l-uxe case £5.%p or alum. case n.eo, 
p/p £1.40. Built !r teosted •in De.Juxe 
case (battel'l)') us (mains) f70, p/p 
£1.00. c ,ftOSS HATCH KIT UHF 
aer.ial inpu.t . type alS() give<S peak 
while &c black levels, ba". op. £11, 
p/p 45p. Add-on GREY SCALE KIT 
£2.to, p/1p 35p. De-luxe case £5.20. 
UH'F SIGN·AIL STRENGTH METE.R 
KIT .£17.50. Alum. ca.Se £1.80. De· 
luxe case £5.20; p/.p £1.40. CRT 
TEST & R·EACTIVATOR KilT for 
cPilour & mono £24.40, p/,p £1.80. 
COLOU-R PAINELIS, large se!e<:·tlon ol 
te-sted ·panels for popular· ' makes 
(.part-ex In shop). TV SOUND I'F 
TRA_NSTD. Testedi £6.80, p/p 851). 
BUSH SURPLUS F PANELS. A8i8 
£1.80, TV312 (sing.le I.C.) £5. Z'US/ 
BCGIOO !5. AS23 (E.xp) £2.80, p/p 
85p. BUSH 161 serii!S T,B panel A.-834 
.£2.80, p/p £1.20. GEC Serl•es 1 mono 
panels, .n.so, p/p .£1.30. GEC 2040 
CUA_ -J)anel £4.50, p/p £.1 • .20. PH-ILIPS 
Gl S/.S conv. panel £2.50, p/p £1.20. 
GS Decoder panels for spare<S £1.80, 
p,Ap £1.20. G1 Signal panels tor 
sma.ll spares £3.80, P/'P £1..20. 
THORN 3500 Line TB panel £5, .p/lp 
h ... sooo ex-rental panels IF, VH>tEO. 
J)E1CODER, £5, p/p £UO. 8000/8500/ 
eooo Decoders Salvaged £7.to, p/p 
n.ao. eooo lAne TB <incl. LOPI'> 
salv/.spares £7.50, p/•p £UIO. 
V ARICAP UHF TUN,ERS. Mulfard 
U321 £8.80. E·L01043/08 .£6.80. 
ELIC1043/05 £5.50. G.I. £3.50. Salv. 
(asstd) £1.50, p/p 60.p. VarJcap UHF/ 
VH•F ELC2000'S £8.50. Bush (dual) 
.£7.110, p/p 70p. TOUCH TUN•E CON· 
TltOL units. Bush (8 pos) .£4.,50, p/p 
BOp. V ARICAP CONTROL ·UNITS 3 
p·os. !1;20, 4 pos. £1.50, 5 pos. £1.80, 
I ipos. 11.80, 1 pos. special otter £1, 
p/p 45p, UH-F transtd. Tuners 
(rotary) incl. s/m drive £2.50, 4 
pOiS. P/B £2.50, . . f pos, .. P/B £4.20, 
p/p £1.20 . . (Special types available, 
details on r.equest). l)L5(} Delay 
Line £2.50, p/p · 50p. Lar.ge selection 
of LOPTS, Tr,iplers, Scancoils, Mains 
DrD'ppei'S, and uther spares for 
popular makes or colou.r and -mono 
receivers. PLEAISE AIDD 1'5% VAT 
TO ALL PRICES. - MANOR SUP· 
PUI.E1S, 172 WEST END LANE, WEST 
HAMPSTEAtD, LON-DON, N.W.S. 
SHOP PRE,MISES. Tel. 01-7114 8751, 
·7V. 7346. E,as'ily ·accessible W. 
Ha1Jll)stead Jubilee Tube & Brit. 
Rail N. Lon'don (Ricbmond~B-road 
S1.) an4 St. Pancras-Bed.ford. Buses 
28, 158, 2, 13. Callers welcome. 
Thousands of add~tional Items not 
normally advertised avaUable at 
sh01p premis~·s. Open dally all wefi!it 
Incl. Saturd.ay <Thu~sday hadf day) . 
MAIL OJllDE·R: 84 GOLDER.S MANOR 
DRIVE, LONDON NiWU IHT. 
P!LEASE AD-D U% VAT to all 
prlce11. · (110 

l 'aM -- NT n WOaD PllOCESSOaS; 
Incorpoz:ating a goLf ball I/0 type
writer and magnetic tape cassette 
mem!)ry m&dule.; .::Stop code search 
and edUi functions, margt•n control, 
i375 plus VAT. Other ex-word pro· 
cessor printers available. Autoty.pe. 
Tel: Haywards Heath (Ot«) 414484. 

(1176 

L.Aa CLEAIIAIIC1E: StKnal Gener· 
ators· Bridges; W.avetorm. 
trans'lstor analy.sers; eal-lbra\ors; 
standard-s; mlllivoltmelera; dyna· 
mometers; KW me-ters; oscUlo· 
tcoi;!eiJ~ . .recorders; Thermal, ••••P· 
low dliitortlon true IUI•S, audio I'R, 
ctevlation. Tel. o•o-37W6. · (8210 

WEATHER FAC$1,JNILE MACHINE . . 
~40 lines per minute. 9in wide 
paper. All transistor type K401 170. 
Tel: Erith t(03224) 37033. U208 
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ARTICLES FOR SALE 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT -
never gains or loses, SELF SETIING at 
switch-on. 8 digits show Date, Hours, 
Mmutes and Seconds, 24-hour format 
large digit Hours and Minutes for easy 
QUICK-GLANCE time, auto GMT/BST 
and leap year, can expand to Years 
Months and Milliseconds, also parallei 
BCD output and audio to record and 
show time signals, built-in antenna 
1000Km range, EXACT TIME, £62 .80. ' 
60KHZ RUGBY RECEIVER, as in MSF 
Clock, serial data and audio outputs 
£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 (WV), Old School 
Lane, Milton, Cambridge. Tel: 0223 

860150 (1206) 

INVERTERS 
High quality DC-AC. Also ''no 
break" (2ms) static switch, 
19~' rack. Auto r.h~••n•llr 

COMPUTER POWER 

·lnterport Mains-Store ltd. 
~DB 51, London W11 38Z 
Tel: 01-727 7042 or 0225 310916 

(9101) 

HAVE YOU SEEN THE GREEN LIST? 
1000s of components (radio, audio, CB 
and electronic) and electronic items 
and accessories at unbelievably low 
prices, something for everyone. Send 
25p for list and receive FREE RECORD 
SPEED INDICATOR. 

MYERS (Dept. W.W.) 
14·16 Clifton Grove, fiarehills, Leeds 9 

(1167) 

S~LAin'ION~SH LUN.EitGEII.. Syn th 
SSU . sig.nat. ·generator type SS:BB30, 
with modulator ty,pe · MA30 £995. 
Hedin environmental oven: -45 
deg .c to +100 deg C, 18ln cube 
chamber, operate manual or auto· 
matic:, u.,:s. Edwards 19in evap 
with Degas control type 2, fr()m 
.£175 • . Tektronix 'scope 585 with 82 
plug-in unit (85 MHz), £245. 60-TY 
way ri-bbon cable, - £2.50 p/metre 
Tektronix 1A4 plug-in unit (50 
MHz four channel), £195. M,an:O<ni 
TFa-4.H/4S signal generator, £385. 
T.F801D/S.S signel generator 10 MJiz. 
485 MHz, £2t5. P~st and pacltlng 

. extra, plus VAT - 15 per cent. 
T-el: March 58814, or 01·404 50U. 

(1182 

PaiNTED CII~IT.I, Make your 
own simply, cheaply _and quickiyl 
Golden Ji'otol,ak ·ug,tlt Sensitive Lac· 
quer - now greaUy lm.provec1 and 
very muc-h faster. Aerosol can• 
with lull instructions, !2.21. 
Developer 35p. Ferric . Chloride 
55p. Clear Acetate · •beet lor 
master 1-4.p. Copper-clad Fibre-,lass 
Board approx. lJn.m thick £1.7 sq. 
n. Post/-Packln'i' eo. - White House 
Electronics, <.:.as\le Drive, Praa 
Sands, Penzance, Cornwall. (714 

PIE-PACKED screws, nuts, 
washers, S!>lder tags, studding. 
Send for price list." Al Sales (WW). 
PO Box 402, . London SW8 SLU. 

(1253 

BOX NOs. 
Box number replies should be 

addressed to: 
Box No ......... .. 

c/o Wireless World 
Quadrant House 
The Quadrant 

Sutton 
Surrey SM2 5AS 

THE SCIENTIFIC 
WIRE COMPANY 

P.o. Box 30, london, E.4 

ENAMELLED COI'I'ER WIRE 
SWG llti. Boz. 4oz. 2oz. 
81o29 2.76 1.50 .Ill .60 

30 to 34 3.20 1.80 .90 .70 
351o 4,0 3.40 2.00 1.10 .,80 
41lo43 4.75 2.60 2.00 1.42 
47 8.37 5.32 3.19 2.50 · 
481o 49 15.96 9.58 6.38 3.69 

SILVER PlATED COPPER WIRE 
1410 30 6.50 3.75 2.20 1.40 

TINNED COPPER WIRE 
1410 30 3.38 2.36 1.34 .90 
Pric• iaclude P&P. VAT and-Wire Data 
SAE tor list. Dealer enquiries welcome. 

· Reg OHice: 22 Conlngs-y Gardens. 
.(9063) 

COOPER SERIES II 
PARALLEL TRACKING ARM 

As featured in the July 1981 issue of 
"Wireless World." 
New stainless steel track, lead screw and 
pivots. 
Complete kit £66. · 
MKL 15 direct drive turntable for u~e 
with above £33. 
Send s.a.e. for details to: J. BILES ENGI· 
NEERING, 120 Castle Lane, Solihull, 
West Midlands. (1242) 

SURPLUS STOCK 
Omron Relays, Crouzet 
Timing Motors, Crouzet Micro 
Switches, Bulgin Lep and 
Panel Lampholders, Transfor-

mers-
For details please write to or phone: 

Mr. P. Givens 
c/o R. G. MITCHELL L TO. 

HEATH ROAD, SKEGNESS, LINCS. 

TEL: 0754 67373 
(1184) 

GWN IIADIO LTD, . 40/42 Portland 
Road, Worthing, Sussex. Tel: (0903) 
34397 .for surplus, wholesale and 
retail. Marconi ,Atalanta ·ships com· 
munlcation receivers, £15 to £120 
for -callers, carriage by arrange
me~t.. 'test equipment and one ofr 
items in stock, . we are worth a 
visit, EC Wednesday. Limited quan
tity of AVO a.· at U5 ,.uJI carriage 
paid. Model 7 Avometers !32 incl. 
Some Avometer Jhovements jn 
stock. WANTED. End lotS and . runs 
for shop and 'fail order. Test equip
ment. Large or small lots at fac
tory surplus. R/T se:ts and systems. 

(1251 

YEIITEK .TIW ·DATA--.POI14T 1100 
PaocEsso•: · two Shuggart disc 
drives, Qume terminal screen, com
plete with Moden. £1.856 -plus VAT . 
AUTOTYPE. Haywards Heath (0444) 
414484. 1(1248 

4116-4 FULL J ·PIEC .guar.antee'd. 8 
off .£10. rm' AISICill kerylboardi £28. 
Case !215. S/H ·diSc drive !250. 
Inclli!Sive prices. C.W.O., Aicce&'S, 
B'arcla~ar'd. - Ground! Control, 
~·a Avenue, Hul'llbridlg.e, I;Sisex. 
So·\Jitlh'end (0702) 23013124. (:1247 

DFFEaS INVITED for two 1Kw 
medium wave :bro-adcast trans· 
mitters, manufactured by Pye type 
PTC3600 buyer to collect from site 
in the Isle of Man. Telephone 0624 
3277 Ext U. · (1254 

DATA PLEX 1200 P.aOCESSOa. 
Adler 1/0 upper/lo·wer case printer 
attached to twfn magnetic card 
module, £175 plus VAT. AUTOTYPE. 
Haywards Heath (Oo&U) U4484, 

(12411 

APPTS WANTED 

DESIGN AN1D DEY;ELOPMENT CAIP
ABIUTY. EXJpertenced .analogl\le 
and >d:lgital ci•n::uit deSILgner seeks 
praj.eJcts;1wo:rk - o-wn equipment. 
DC ro 50 MIGHZ. Areas _ include 
electronic musilc, radio, TV. con
trol, microproeeSSIOr h'ardiWare, 
optronios, eltc. - P an'll P (1Elec· 
tr.ical), 7·8 Mill Road, Ha,wl~, Nr 
DaT'tlford, Kell't. Tel Dai'Itforo· 7fft;! 

119 Classified 
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 reply to Box No. _WW 8237 

' ' (8237) . 

PCB ASSENiBL Y AII,D ~ Atn'WOitK 
DESIGII SM"vice. ProtOII!ylpes and 
batoh quantities. - Pads Electrica-l 
Limited. or~oo oG-5'16 or o1-'Ss1l 57'4i9. 
'119 Avery HiU Ro·a'd, New Eath-am, 
London. SIE9 ~LJ. (79()1$ 

IIATtH PIODUCT'ION wldng and 
assembly to sam-ple or drawings. 
McDeane Electricals Lt4, _ltb Sta
tion Parade, Eallng Common, .Lon
don W5. Tel: 01-9&.2 8976. (169 

PCB ASSEMBLY 
CAPACITY AVAILABLE 

L~w or high volume, single or double 
stded, we specialise in flow line assem

,bly of printed circuit boards. 

Using the Zevatron flow soldering 
system and on line lead cutting, we are 
able_ to deliver high quality assemblies 
on t1me, and competitively priced. Test 
facilities available. 

Find out how we can help you with your 
production. Phone or write. We will be 
plea~ed to call on you and discuss your · 
requtrements. 

TW ELE.CTRPNICS LTD. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK 
TEL: 0284 3931 

Sub·contract assemblers and wirers to 
· the Electronics Industry 

(9068) 

WLBCTaONIC DESIGN SERVICE. 
Immediate oapactty avaUable for 
da;:wt dest(n and development 
work, PC artWork; ete. Small ba"tc:h 
ancl pro:totype productdon welcome. 
- J:.P.D.S. IAcl., tfb Ktnf Stree-t, 
IIAIDSTONE, IteM. 0111·1 7111. 

(HIT 

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: 01-404 5011 

Telex: 24224. Quote Ref. 3165 
8742 

ST~· IPACB Ia upenaln. 1t'h7 
tton rtdllndant ~d obtolete 
equipment? ror faat and emclent 
clearaace of all tete 111r, pown 
tuppllea, PC boards, componenh, 
elc., reprdleas 01 condition or 
quantittu. can 01-771 HU. <Hoe 

WE BUY FOR CASH: Components, 
PCBsl etc. Good prices paid . Q.utek 
decis on, . money by return. lting 
(0703) 785862. (1172 

WANTED: Hand operated :bench 
coil winder, also LCR or Inductance. 
measuring bridge. Telephone 0243 
787360. 1(1215 

WANTED. i inch Wide Dec or Leli 
type magnetic computer tape. 
Offers to w .. J. Warren Burdell 
Neurological Institute, Stapleton,· 
Bristol BS16 1QT. 0272 567444 Ext 
477. (12111 

WANTEP 
.Test equipment, receil;ers, valves, transmit: : 
ters. components. cable and electronic 
scrap, any quantity. Prompt service and , 
cash_ Member of A.R .R.A_ 

M&BRADIO 
86 Bi.,._,psgate Street 

lMdsLS14BB 
- 0532-35649 

EQUIPMENT WANTED 

. - - - - - -- - . 

TO ALL MANUFACTURERS 
AND WHOLESALERS 

. IN THE ELECTRONIC 
RADIO AND TV 

FIELD 
BROAD FI-ELDS & : -., 

. MAYCO DISPOSALS 
will pay you top prices for any large stocks of 
surplus or reduqdant COmJ110nentS which yOU f 
-may WISh to clear. We -will call anywhere in\ 
·,the United Kingdom. ' ' 

21 LODG-E LANE . " 
: tN_91li~ l'tNCH_~a;y,LQ .... _QQil'_ l'l!_~jl)jl~ I 

,' t!tiephone Nos. 01-445 0749/44~ ~713_ 
' After office houra 9!;8 7624 

PHONE 

YOUR 
CLASSIFIEDS 

TO 
OPHELIA SMITH 

ON 

01-661 3033 

www.americanradiohistory.com

www.americanradiohistory.com
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CO-MPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH 1 4PA. Tel: Godstone (0883) 843221 
PDP 11/03 SYSTEM. Comprising BA11 MF box and psu; LSI 11 processor with BkByte MXV 11 multifunction . 
board with 32k8yte memory; 2 serial interfaces, 2 x 2716 EPROM and real time Clock; CAELUS model 206R 
Front loading 10 megabyte d1sc dnve with one fixed and one removable platter (RK05 compatible); XYLOG
ICS disc drive controller; LOGABAX LX180 printer and CIFER Model 224P intelligent VDU . All system 

facility, are switch selectable. Forms control and alternative founts are. available using control codes. 
Manufactured 1980 and unused in original packing ................................................. : ..... .............................. ...... £525 
BCL MATRIX PRINTER. 120 cps with dual tractors and long platen (in excess of 300 col.). Unused ........... £100 
ODEC Model4000 belt printer. 651pm. Parallel TIL interface. Manufactured 1980 ....................................... £175 

~0E~P~.fs~~M3,et.t~~~~;~r~~~~ ~~~~~;:~~~~~;~~~ ~~:heM3~i s~~ ~spii~-~-;--~~d··;·si<ii\ii;·t::vi·;;·Fixo·2--~~~~~ DIABLO SERIES 30 DISC DRIVES. These are offered fully refurbished and may be v iewed operating online at 
our premises prior to purchase. 2.5 megabyte removable cartridge version is directly compatible with tbe 
DEC RK05 drive for PDPfLSI11. ............................... .. .................................................... .. .................... £650 density floppy disc drives, VT52 VDU (24 x 80, upper/lower case), LA180 printer (180 cps, matrix). Software 

~~~~rc~182te S$v'StE~.2i~~~~~g~~tf~gd ~g~~1~~~~~~~~:s~:;;a~ii~n~~~~Yte·· n;·~;.;;(;rv:· ·q~~(i · a:inc~3~~~ As previous item, but with cartridge removable by engineer rather than operator ....................................... £425 

dnves (total 1.2 megabyte). LOGABAX LX180 printer, HAZEL TINE 1400 VDU. All components BRAND NEW 
surplus... ..... ........ ..................................... ........ .... .. ... .. .. ..... ... ..... ....... ..... . . ..... .................................................. £1,850 
DTC MICRO FILE PROCESSORS - see our other advertisement. 

IOMEC Model 3404 disc drive. 10 megabyte capacity w ith one fixed and one top loading platter. 2400 rpm, 
200 tpi and 2200 bpi. These drives are complete with documentation and have the industry standard 
interface. IOMEC are no longer in business, nevertheless, electronic components are standard and we can 
supply incomplete drives free of charge to buyers. Service is, in any case, apparently available for IOMEC 

DIABLO MODEL 1641 KSR terminal. Daisy wheel terminal with f-jyType II printer. ............ .... ..... ....... ... ...... £1,350 drives. BRAND NEW in original boxes .................................................................................................................. £550 
LEAR SIEGLER Model 200 KSR high-speed printing terminal (with keyboard). features bidirectional 9 x 5 
up~er/lower case matrix printer with Baud rates switchable up to 9600 Baud. 132 col., 180 cps. Self-test . 

WANG CO Model T 1222 disc drives. With one fixed and one top loading platter of li megabyte capacity total. 
2500 rpm, industry standard interface ......................... ............................................................... .. .. ...................... £450 

fac1l1ty ........................ , ........................................................................................................................... ... ... ... ........... £525 
EXTEL (TRANSTEL). 80 col. portable printing (matrix) terminal. 110/150/300 Baud. Microprocessor controller 

"STOCK CONTROL INTERNATIONAL Model744 digital cassette unit. Designed to connect between a termi
nal and processor giving ASR capab ility to a KSR terminal. 256k8yte capacity on Philips type cassette. £100' 

with 2kByte internal RAM ....................................................................................................................................... £275 DEC Model CA11 card reader .................................. ...... ........................ ........................................ ........................ £350 
DATA DYNAMICS. Model 303 ASR terminal. Incorporating LA36 OECwriter printer with paper tape reader/ DATEK Model40 Paper Tape Reader. Solenoid operated finger type. 40 cps. BRAND NEW .......................... £25 
punch and keyboard. 300 Baud. Upper/lower case matrix printer ... ............................ ........................ ...... ...... £390 FACIT Model 4070 High-Speed paper tape punch with parallel TIL interface. Complete with all spooling 
TELETYPE Model ASR 33 with 20 mA current loop or RS232 interface. 110 Baud, remote reader ·control 
(which may be disabled by insertion of a jumper), paper tape reader/punch and stand (when available) from 

covers and chad box, etc, and in excellent condition .......................................................................................... £350 

.................................................................................................................................................................................... £135 
;h~~dT~~~~?aOc~~~~~~o~!~~~~:.ape Control Cl, Servo PSU A These cards BRAND NEW availaqle at one-

~~~~~-~~~-~~ -~~ -~-~~- t~(-~i~~~:. ~O cps -~~t-~~tr~~-te'.~'n_al -~~i~!J t~~r~~ l pa~~r. \\/it~~~-111~ c~_rr_e_n_t t~~~ Please note: 
SPERRY-REMINGTON Word Processor. Incorporating IBM 1/0 typewriter with twin magnetic card stations. 
Operating stand-alone; or suitable for conversion to on-line use. Fully refurbished from ........................... £175 

* VAT and carriage extra all items. 

LOGABAX LX180L matrix printer. 180 cps with ,serial (V24 to 9600B) and parallel interfaces. These printers 
are Z80 microprocessor controlled with all firmware in 2708 EPROMs. All options, which include a self test 

* Visitors welcome, but by appointment please. * We are keen to bid competitively for aJI good used equipment. 
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PART NO 

924 229--18 

924 222-18 

924 269--36 

924 299--36 

924 339--36 

924262-36 

924292-36 

924 332-36 

924382-36 

CONTACTS 

25 

25 

25 

25 

25 

25 

25 

25 

25 

LENGTH 
INCHES 

18 

18 

36 

·36 

36 

36 

36 

36 

36 
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DESCRIPTION PRICE 

25 PIN MALE SINGLE END 18" LONG 5.97 

25 PIN FEMALE SINGLE END 18" LONG 6.04 
/ 

25 PIN MALE TO MALE DOUBLE END 36" 11.73 

25 PIN MALE TO 24 PIN DIP 36" 8.35 

25 PIN MALE TO 26 PIN SOCKET 36" 10.50 

25 PIN FEMALE TO FEMALE DOUBLE END 36" 11.50 

25 PIN FEMALE TO 24 PIN DIP 36" 8.75 

25 PIN FEMALE TO 26 PIN SOCKET 8.75 

25 PIN FEMALE TO 25 MALE 36" 11.50 

~ ALSO WITH 9, 15,37 CONTACTS ANY STYLE HUGE DISCOUNTS FOR QUANTITY 

AP sub-miniature "D'c jumpers have the lowest front to back profile in the 
world and come to you fully assembled, tested and ready to use. They are 
directly replaceable with existing "D" connections. 

DIP-DIP-DIP-DIP-DIP JUMPERS 
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK 

• EX-STOCK DELIVERY 
• 5 STANDARD LENGTHS 

6, 12, 18, 24, 36" 
• WITH 14, 16, 24, 40 CONTACTS 
• FULLY ASSEMBLED AND TESTED 
• INTEGRAL MOULDED ON 

· STRAIN RELIEF 
• LINE BY LINE PROBEABILITV 

SINGLE-ENDED DOUBLE-ENDED all prices 1-9 off. Huge discounts for quantity 

CONTACTS 24" CONTACTS 6" 12" 18" 24" 36" 
14 £1.67 14 £2.11 £2.21 £2.31 £2.43 £2.63 
16 £1.89 16 £2.33 £2.45 £2.58 £2.66 £2.97 
24 £2.74 24 £3.45 £3.62 £3.78 £3.94 £4.30 
40 £4.38 40 £5.31 £5.61 £5.91 £6.22 £6.81 

We can supply DIP, SOCKET, PCB, CARD-EDGE RS232, assemblies made-up, 
tested, ready for use, cheaper than you can buy the parts, ask for quote. 

TEST-CLIP TEST-CLIP 

Clip an APTEST-CLIP over an IC and 
you immediately bring up all the 
leads from the crowded board into 
an easy working level. 
22 NEW AP TEST-CLIPS TO PICK 
FROM 
examples: TC 14 923695 

TC 16 923700 
TC24 923714 
TC40 923722 

£2.76 
£2.91 
£8.50 
£12.88 

ADVENTURES 
ON THE IC'S 

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD 

A SPECIAL £6 OFF OFFER 

EBBO DISCRETE ADVENTURES 
STARTER PACK WITH ELECTRONICS 

Normal Price 
£6.67. 

Normal Price 
£2.30. 

ALL 
COMPONENTS 

TO 
BUILD ALL 

16PROJECTS 

Normal Price 
£17.25 

TOTAL PRICE ONLY £19 
i ncl VAT post & packing 

· ANYBODY CAN BUILD ELECTRONIC 
PROJECTS WITH EBBO BOARDS. 
We supply EBBO block, adventures with 
electronics book which gives step by 
step instructions to build 16 projects 
including: chip radio, two transistor 
radio, electronic organ etc. and every 
component needed. Nothing else to buy. 

When you buy a SUPERSTRIP 'BREADBOARD you buy a breadboard to last you for ever, we give you a LIFETIME 
guarantee. SUPERSTRIP is the IT)Ost used breadboard by hobbyists, professionals and educationalists because it gives 
you more for your money .. . With 840 contact points SUPERSTRIP accepts all DIP's and discrete components and with 
eight bus bars of 25 contact points each SUPERSTRIP will take up to nine 14-pin DIP's at any one time. 
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee. 
SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78 
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AP DIP JUMPERS LOWEST PRICE IN THE UK. 

NEW AP LOW-PROFILE "D" SUB MINIATURE JUMPERS 

ALL RS232 COMPUTER LINK UP PROBLEMS SOLVED 

FREE TC16 WITH EVERY SUPERSTRIP SOLD 
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PART NO CONTACTS LENGTH 
INCHES 

DESCRIPTION PRICE 

924 229-18 25 18 25 PIN MALE SINGLE END 18" LONG 5.97 

924 222-18 25 18 25 PIN FEMALE SINGLE END 18" LONG 6.04 

924 269-36 25 36 25 PIN MALE TO MALE DOUBLE END 36" 11.73 

924 299-36 25 36 25 PIN MALE TO 24 PIN DIP 36" 8.35 

924 339-36 25 36 25 PIN MALE TO 26 PIN SOCKET 36" 10.50 

924 262-36 25 36 25 PIN FEMALE TO FEMALE DOUBLE END 36" 11.50 

924 292-36 25 36 25 PIN FEMALE TO 24 PIN DIP 36" 8.75 

924 332-36 25 36 25 PIN FEMALE TO 26 PIN SOCKET 8.75 

924 382-36 25 36 25 PIN FEMALE TO 25 MALE 36" 11.50 

u: ALSO WITH 9,15,37 CONTACTS ANY STYLE HUGE DISCOUNTS FOR QUANTITY 

AP sub-miniature "D" jumpers have the lowest front to back profile in the 
world and come to you fully assembled, tested and ready to use. They are 
directly replaceable with existing "D" connections. 

DIP-DIP-DIP-DIP-DIP JUMPERS 
AP DIP JUMPERS ARE THE LOWEST PRICE IN THE UK 

■ EX-STOCK DELIVERY 
■ 5 STANDARD LENGTHS 

6,12,18,24,36" 
■ WITH 14,16,24,40 CONTACTS 
■ FULLY ASSEMBLED AND TESTED 
■ INTEGRAL MOULDED ON 

STRAIN RELIEF 
■ LINE BY LINE PROBEABILITY 

DOUBLE-ENDED all prices 1-9 off. Huge discounts for quantity SINGLE-ENDED 
CONTACTS 24" CONTACTS 6" 12" 18" 24" 36" 

14 £1.67 14 £2.11 £2.21 £2.31 £2.43 £2.63 
16 £1.89 16 £2,33 £2.45 £2.58 £2.66 £2.97 
24 £2.74 24 £3.45 £3.62 £3.78 £3.94 £4.30 
40 £4.38 40 £5.31 £5.61 £5.91 £6.22 £6.81 

We can supply DIP, SOCKET, PCS, CARD-EDGE RS232, assemblies made-up, 
tested, ready for use, cheaper than you can buy the parts, ask for quote. 

TEST-CLIP TEST-CLIP 

iW" 

Clipan APTEST-CLIPoveran ICand 
you immediately bring up all the 
leads from the crowded board into 
an easy working level. 
22 NEW AP TEST-CLIPS TO PICK 
FROM 
examples: TC14 923695 £2.76 

TC16 923700 £2.91 
TC 24 923714 £8.50 
TC 40 923722 £12.88 

ADVENTURES 
ON THE ICS 

A SPECIAL £6 OFF OFFER 

ALL 
COMPONENTS 

TO 
BUILD ALL 

16 PROJECTS 
IL 
EBBO DISCRETE 
STARTER PACK 

Normal Price 
£6.67. 

ADVENTURES WITH ELECTRONICS 
Normal Price 

£2.30. 
Normal Price 

£17.25 
TOTAL PRICE ONLY £19 
incl VAT post & packing 
ANYBODY CAN BUILD ELECTRONIC 
PROJECTS WITH EBBO BOARDS. 
We supply EBBO block, adventures with 
electronics book which gives step by 
step instructions to build 16 projects 
including: chip radio, two transistor 
radio, electronic organ etc. and every 
component needed. Nothing else to buy. 

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD 

When you buy a SUPERSTRIP BREADBOARD you buy a breadboard to last you for ever, we give you a LIFETIME 
guarantee. SUPERSTRIP is the most used breadboard by hobbyists, professionals and educationalists because it gives 
you more for your money .. . With 840 contact points SUPERSTRIP accepts all DIP's and discrete components and with 
eight bus bars of 25 contact points each SUPERSTRIP will take up to nine 14-pin DIP's at any one time. 
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee. 
SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78 

T 

All prices shown are recommended retail incl. VAT 
In difficulty send direct, plus 50p P & P. 
Send SA.E. for a free copy of colour catalogues 
detailing our complete range. 

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036 

ww—003 FOR FURTHER DETAILS 
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