
Australia AS 2.40 
Canada C$ 4.25 
Denmark DKr. 20 25 
Germany Om. 6.00 
Greece Dra. 125.00 
Holland Oil. $.75 
Italy L.2300 
Norway NKr. 21.00 
Singapore MS 5.50 
Spain Pts. 180.00 
U.S.A. $3.75 
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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" 1̂1.50 

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 

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 

SINGLE-ENDED 

CONTACTS 
14 
16 
24 
40 

24" 
£1.67 
£1.89 
£2.74 
£4.38 

• EX-STOCK DELIVERY 
Ill 5 STANDARD LENGTHS 

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

STRAIN RELIEF 
IIII LINE BY LINE PROBEABILITY 

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

CONTACTS 
14 
16 
24 
40 

6" 
£2.11 
£2.33 
£3.45 
£5.31 

12" 
£2.21 
£2.45 
£3.62 
£5.61 

18" 
£2.31 
£2.58 
£3.78 
£5.91 

24" 
£2.43 
£2.66 
£3.94 
£6.22 

36" 
£2.63 
£2.97 
£4.30 
£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 

ammommod1/4   

SUPERSTRIP SS2 THE BIGGEST SELLING BREADBOARD IN THE WORLD ADVENTURES 
ON THÉ IC'S 

A SPECIAL £6 OFF OFFER 

EBBO DISCRETE 
STARTER PACK 
Normal Price 
£6.67, 

ALL 
COMPONENTS 

TO 
BUILD ALL 
16 PROJECTS 

- 

ADVENTURES 
WITH ELECTRONICS 
Normal Price  Normal Price 
£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. 

TEST-CLIP TEST-CLIP 

Clip an APTEST-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  £2.76 

TC 16 923700  £2.91 
TC 24 923714  £8.50 
TC 40 923722  £12.88 

eel..  ...ea  Vsrete 
.4tet tefe. t ete... 

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 onetime. 
You should only buy a breadboard once so buy the biggest seller with a lifetime guarantee. 
SUPERSTRIP SS2 923252 PRICE INCL VAT £9.78 1..„. All prices shown are recommended retail incl. VAT 

In difficulty send direct, plus 50p P & P. 
Send S.A.E. for a free copy of colour catalogues 
detailing our complete range 

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036 

W W -003 FOR FURTHER DETAILS 
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TRANSMITTER TEST SET,TTS520 
Tests transmitters up to 100 watts rating 

For testing base stations: mobile or fixed radios: pocket 
phones: pagers. etc 

Instrument incorporates: r,f. counter . modulation meter • 

directional power meter • at. voltmeter • at. synthesizer • 

distortion analyser • a.f. counter . weighting filters • r.f. 
power loaeattenuator 

Transmitter measurements include: frequency . power . 

modulation (a.m. or Cm.) level, frequency, distortion. 

sensitivity, bandwidth. capability • call tone modulation 
check • aerial efficiency 

Many measuring functions automatic—fewer controls, easier 
to understand and operate 

Helps speed up test throughput 

730000000 

Reduces operator error and fatigue 

Compatible with Farnell SSG520 synthesized signal generator 
to provide full transceiver testing facilities 

Split concept (receiver/ transmitter testing) offers distinct 
advantages over dedicated test set or discrete instruments 

Programmable. Also 1EEE488 option available for low cost 
computer controlled A.T.E. 

Releases skilled engineers from routine tests. More time for 
repairs and other tasks 

Pre-service diagnostic tool. Use printer to record condition of 

radio as received and to verify performance to specification 
after repair or recalibration 

HERBY LS22 4DH UK 

TEL.0937 61961 

TELEX 557294 FARIST G 
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Front cover shows spider-
like legs and contacts of a jig 
for testing integrated cir-
cuits, photographed at 
Wentworth Laboratories 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-
su mer electronics tech-
nology. 

Current issue price 60p, back is-
sues (if available) £1.00, at Retail 
and Trade Counter, Units 1 8t 2, 
Bankside Industrial Centre, Hop-
ton Street, London SE1. Avail-
able on microfil m; 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 £10.00 
UK and $33.80 outside UK. 
Student rates: 1 year £5.00 UK 
and $16.00 outside UK. 
Distribution: Quadrant House, 
The Quadrant, Sutton, Surrey 
SM2 5AS.  Telephone 01-661 
3500. 
Subscriptions: Oakfield House, 
Perrymount Road, Haywards 
Heath, Sussex 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. 

C) IPC Business Press Ltd, 
1981 ISSN 0043 6062 
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Low cost excellence 
with a 2 YEAR guarantee 

DM 801 
DIP METER 

£55 

DM 801 DIP Meter —700 KHz to 250 MHz in 7 bands — Inductive 
and Capacitive coupling with an 'RF Searcher' — high sensitivity — 
absorption Frequency Meter —Xtal tester— Mar ker  generator — 

CVVand AM monitor. 
FC 754A Digital Frequency Counter -6 digit — 10 Hz to 250 MHz 

FC 756 — 10 Hz to 500 MHz. 
DF 760 — Combined 7 digit Frequency Coun ter an d 31/2 digit DMM. 

AG 202A 
SINE-SQUARE 
OSCILLATOR 

£60 
E: 
e. 

AG202A 200KHz R.C. Oscillator — 20Hz to 200KHz in 4 ranges — 
Sine and Squarewave — Flat 0/P to 10V r.m.s. from 600 ohms — 
< 0.5% distortion — > 60dB of variable 0/P atten — Ext. Sync. — 
Large easy to read single dial with smooth precise tuning control —  Wip 

AG203 Low Distortion Oscillator — < 0.1 % distortion — 10Hz to 
1MHz in 5 ranges. 

SG 402 
30 MHz A.M. 
SIG. GEN. 

£59 

SG402 A.M. Signal Generator — 100KHz to 30MHz in 6 bands — 
100mV of 0/P with variable attenuator — Int. and Ex. A.M. —Solid 

State — Lightweight and portable — Large clear easy to read 
frequency dial. 

FG 270 
FUNCTION GEN. 

£146 

FG270, Function Generator —0.1Hz to 1MHz in 6 ranges — 
sine, square and triangle —20V p-p open circuit output — < 1% 
distortion — D.C. offset —TTL 0/P — Ext. VCO for sweep tests. 
FG271 as above plus 0.02Hz to 2MHz in 7 ranges — Int. sweep — 

Pulse, Tone Burst and A.M. 

CO 13030 
5 MHz 
OSCILLOSCOPE 

£100 

C01303D, DC to 5MHz Oscilloscope — 10mVidiv sensitivity with  ite 
variable atten. — Int. variable sweep frequency in 4 ranges from 10Hz  eti 
to 100KHz — lnt. and Ext. sync. —Direct deflection terminals can  O• 
monitor R.F. up to 450MHz. C01303G as above, plus 1:8 to 54MHz 
monitor freq. range from1 to 500VVdirect coupling —Two Tone gen. im4i 

1KHz and 1.575KHz — ideal for SSS, A.M. C.W. etc. 

DL 705 
31/2 DIGIT 
DMM 

£99 

e 
e -II 

eçà 

ir 
oom 

DL 705 3% Digit LED DMM — 2V FS 1000V FS (DC and AC) — 20A  cle 
FS to 200 mA FS (DC) — 2 ohms FS to 20 M ohms FS — Accuracy 

0.5% of reading — Compact, reliable and easy to use.  Imwe 
DL706 311/2 Digit Auto Ranging and Zero — 0.1% of reading — 100/./V  •-• 

resolution — AC Amos. 
DL 720 41/2 Digit -0.03% of reading.  elp 

1.1 
Plus many other Trio Products such as high sensitivity electronic voltmeters, Wow and Flutter meters, DIP  ,4 
meters and of course the main range of Trio scopes up to 100MHz —JUST ASK FOR THE CATALOGUE  

'F R I Q® 
House of Instruments 

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

Telephone: (0799) 24922 
Telex: 81653. 

p ertlor m a nce hi!c o m petitive hi!rella bi lit g hi! 

House of Instrumenta Ltd. 
DAL 9622 LEVELL 

DON'T 

WITH 

BUY 

LE VEIL 

GAMBLE 

PERFORMANCE 

VOLTMETERS 

A.C. MICRO VOLTMETERS 
VOLTAGE & 
dB RANGES 

RESPONSE 

INPUT IMPEDANCE 

AMPLIFIER OUTPUT 

"t'I A  £ 1 30 

1 5µV, 50p.V, 1 50µV . . 500V fsd. 
Acc. ± 1% ± 1% fsd ± 1 µV at 1 kHz. 
— 100, —90 ... + 50dB. 
Scale —20dB/ +6dB ref. 1m W/ 6000. 

-± 3dB from 1 Hz to 3MHz, 
:1: 0.3dB from 4 Hz to 1MHz above 500µV. 
TM 36 filter switch: LF cut 10Hz, 
HF cut 100KHz, 1 OKHz or 350Hz. 

Above 50mV: 1 OMS2 <20pF. 
On 50µV to 50mV: >5MS2 <50pf. 

1 50mV at fsd. 

Yrell3 £145 

BROADBAND VOLTMETERS 

H.F. VOLTAGE & 
dB RANG ES 

H.F. RESPONSE 

L.F. RANGES 

AMPLIFIER OUTPUT 

type 
TM6A £199 

1mV, 3mV, 10mV. ., 3V fsd. 
Acc. ± 4% -1- 1 fsd at 30M Hz. 
—50, —40.  . + 2 OdB. 
Scale —10dB/ + 3dB ref. 1M W / 50S2. 

-I- 3dB from 300kHz to 400M Hz. 
-± 0.7dB from 1MHz to 50MHz. 

As TM 3. 

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

typep 
r6  £215 

D.C. MICRO VOLTMETERS 

VOLTAGE RANG ES 

CURRENT RANGES 

LOG. RANGE 

RECORDER OUTPUT 

;Yr!lelo £106 

30µV, 1 00µV, 3 00µV  . 300V. 
Acc. ± 1% ± 2% fsd ± 1 µV. CZ scale. 

30pA, 100pA, 300pA.. . 300mA. 
Acc. ± 2% ± 2% fsd -± 2pA. CZ scale. 

tt- 5µV atzt 10% fsd, ± 5mV at t 50% fsd, 
500m V at fsd. 

-1- 1V at fsd into .5  ' 

These instruments incorPorate many useful features, including long battery Me, All A type models have 83mm scale meters and case sizes of 185 x 110 x 130-mm..13 types have 
127mm mirror scale meters and case sizes of 260 y 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. 

ELECTRONICS LTD. MOXON STREET, BARNET, HERTS., EN5 5SD. 

TEL: 01- 449 5028/440 8686 

W W-014 FOR FURTHER DETAILS 
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CURRENT r qSED 

Marconi 
TF20028 A M/F M Signal Generator. 
1 OKHz-88 MHz. 0. I ct V-1 V. 20Hz-
20KHz Mod frequency. 

£1200.00 

ANALOGUE VOLTMETERS 
AND MULTIMETERS 

Boonton, 
93A True RMS 
voltmeter t 0Hz-
20MHz. I m1/-300/ 

£295.00 
Fluke. 
883A8 AC/DC Differential Mortrneref, 
20Hz.100KHz., mV-11‹ V. very nign 
accuracy £975.00 
Hewlett Packard. 
48 I SA Vector Impedance-Meter, 500RH2-
108MHz. 0-360° in 2 rengeS. 2.61elSie 
19- I 00K9 in 9 ranges .... , £2110.00 

84055 Vector voltniete 1-1000MHz. 0-360* 
in 4 ranges  O M » 
Marconi. 
1F2604'EIeEtrnsyc Voltmeter.,atC 
20Hz-1 5GFIz. 300MV-4BV.00 O M/4 W« 
O  £050.00 

FM24546 AC Millivoittneter. 10142421ere. 
I mV-300V ....  £49540 

ANALYSERS 
General Radio. 
1911A Sound and Vibration Analyser. CAS/ 
Graphic leve recorder 4.5Hz-75KHz I /3 or 
1/10acrave  £950,00 
8407A/84 I 2A Network Analyser .CNV 
8600A/8601A sweeper 0 I - 10MHz 

£3500.00 
Hewlett Packard. 
141T 85578-8554B Spectrum Analyser. 
100KHz- I 250MHz + IOW -12208m. 
Vanabie percisrence display  £4950.00 
141T-8552A-85541. Spectrum Analyser 
500KHz-1250MHz Sensitivity -1 t 708M Scan 
Width 20KHz-1250MHz  3500.00 
310A Wave Analyser 1 5KHz- I SMHz 108V 
109V F S Dynamic range > 7518  £1050.00 
3581A Wave Analyser with Internal Sweep 
I 9-12-50KHz, 100nV-30V F,S Dynamic range 
>sale Frequency indicated by 5 digit LED 
readout  £1500.00 

Everything as new-

Tektronix  Solartron  Yokagawa 
7935A Oscilloscope DC-35 MHz  7065 Microprocessor O M M. Scale  3047 2 Channel Chart Recorder. 
2mV-10V/div. Delayed sweep.  length 1,400,000. AC/DC volts,  0.5mV-100V. 2cm/hr-60cm/min. 

£595.00 resistance. £435.00 
At Half New Price  £695.00 

Tektronix. 
491 Spectrum Analyeer.. 101vett-2GHzdtect. 
Lip to 400-0 vothoptioneimixers..*2700.00 

BRIDGES te.COIVIPONENT 
TESTERS 
Boonton. 
6319 Inductance Bridge 0.110MH. Bridge 
frequency 5-500kHz  .. £1250.00 
General Radio. 
I 6a5A LCR Bridge, Accuracy 0.05% 0.05pF-
1100re. 0.05pH-I 100H. 0.05m9-1 1MO 

£925.00 
Marconi. 
TF1245.1f1246-TF1247 '0 Meter and 
Osc iltatOrS. 05 to 500 40KHz-300tvli-ta 

 £950.00 
Rohde 8 Schwarz. 
LRT IBN6 I 001IncluctaneeMeret. 
2 2-285Ktiz.  „ . ........ . ,*390.00 
Wayne Kerr 
8642 0 96 LCR Autobalance eridge 
I 00G9. I ff- 10F. I nH-10MH . £750.00 

CALIBRATION EQUIPMENT 
Fluke, 
332A DC Voltage Calibrator 0 to 
IIII 1110V. 0 tern resolution 0 003% 
calibration accuracy   £1495.00 
760 Meter Calibrator DC/AC Volts aid current 

£2150.00 
Tektronix. 
191 ConstantAmpteocre Generator 350KHz-
100MHz   £350.00 

FREQUENCY COUNTERS 
Advance. 
ICI 5 &PtFregueney COunter. DC 
500MHz. 9dig8s  £27540 
Fluke. 
1900A-01 Frequency Counter 5He80MHz 6 
digits Mains / battery operatlOn . £195.00 
925A Frequency Counter .514z-125MHz, 9 
digits, EMI proof Case  £375.00 
Philips. 
Pral6664 Fully Auto Frequency Counter 10Hz-
S2Cliv1Ht 8 d4. its  £250.00 

IVIULTIMETERS 
Avo. 
Test Set Number t 70KP, Mitt, very Fotautt 

 D LO* 
Full read Ht .  £6.7.5 
&el 
Super 50 Seleaest. 201{9/volt . M oo 

OSCILLOSCOPES 
Hewlett Packard. 
1223A Dual Trace Vanable Persistance Storage 
Oscilloscope DC 15MHz  Max 
writing speed 1cm/re M etro 
Philips. 
FM3212 Dual Trade Portable OsaoSCPpe. DC 
- 25MHz 2rriV- I OV/div £575.00 
SE Labs. 
SM 17 I 6 Channels/toner. IT Clt. Internal 
sweep  £395.00 
Tektronix. 

43? Dual Trace 
Portable Oscilloscope, 
DC - 25MHz, 1rriv 
sensitivity. 20rts-Ss. 
Auto setting mains 
input 100.250V 

£510.00 
454A Dual Trace Portable Oscilloscope 
DC - 150MHz 2mV-5V/dfv. 
Fall delayed sweep.  E I Z00.00 
455 Dual Trace Portable Oscilloscope 
DC - 50MHz 5m V-5V/div Full delayed 
sweep Super condttion  £925.00 
464 Dual Trace Portable Storage Oscilloscope 
OC - 100MHz 5mV-5V/ev Full delayed 
sweep. Max writing speed 110 div/reS 

£2250.00 
465 ¡Dual Trace Portable Oscilloscope DC - 
to mtit 5mV-5Vidiv Foil delayed sweep 

P.O.A. 
466 Dim! Trace Portable Storage Oscilloscope 
Spec as per 464 but max writing speed 
3000div/riS £2875.00 
475 Oscilloscope DC-20 z 
2rriV-5V/div Delayed sweep  £1495.00 
521A PAL Vectorscope Measures Luminance 
Amplitude Chrominance Phase. Chrominance 
Amplitude. Differential Phase and Gain As 
new condition  £765040 

7704A Main frame C/2/ 7A26. 7880, 7085. 
Dual Trace DC - 200MHZ.  £3550.00 
Teteouipment. 
034 Dual Trace Battery Portable Oscilloscope. 
DC-I5MHz, 2mV-5V/div 24rIS signal delay 

£445.00 
663 Dual Beam Oscilloscope cistv 2 Off V4 
Modules 4 Traces DC-I5MHz 5rnV-20V/dív 

£725.00 
D83 Osattoscope Mainframe QV/ V4 and 
52A pkienunits. DC •-• 50MHz. 5rriV-
20 W:11v. Fulldefayed sweep very 
large CRT. ,  . £725.00 
DM64 Dual Trace Spin Screen 8istable Storage 
Oscilloscope 0C-10MHz. tOrriV-501/1div Max 
Writingspeed 250 dnilMS _ . £15,00 
1016 Dual Trace Portable Oscilloscope 0C-

15ft.inlz 5mV-20V/div. X? Mode 1 only 
£310.00 

OSCILLOSCOPE PROBES 
E840X1 Probe. I 2 natterigtn DC - 20N1Hz 
 £940 
81391 X 0 Probe. 1-2 rotr lee  'el DC 
COMHz  £11.00 
8895 Xi. Xl0Probe. 1,2 rntr length - 
10MHz or OC - 100MHz  .. £15.00 

POWER SUPPLIES 
Advance. 
MG 5-60 5V @ 60A switching 
MC 5-20 5V @ 20A switching 
MG5-10 5V @ 10A switching 
MG 24-12 24V @ 12A switching 

Weir. ' 
762 Power Supply Untt 
0-30v at 2A. Metered ‘output  £90.00 

RECORDERS 
Hewlett Packard 
7045A XV Recorder Sensitivity 250rAV-5V/cm, 
Electrostatic paper grip A3 size  £950.00 
7045A-001 XV Recorder. As 7045A but with 
int time base £1025.00 
Racal. 
Store 70 Tape Recorder C. 
7 channels FM electronics OC -20KHa. 
,-601ps. 

5 GOOD REASONS WHY YOU SHOULD DEAL WITH ELECTRONIC BROKERS 
FULL 
GUARANTEE 
At Electronic 

Brokers we give 

you a T WELVE 

M ONTHS 

W ARRANTY on test 

equip ment and 90 DAYS 

O N M OST C O MPUTER 

PERIPHERALS. And 

we'll stand behind it all 

the way. 

2 FAST 
DELIVERY 
W hen you buy 

used 

equip ment fro m 

Electronic 

Brokers, it can be yours 

in a matter of only days. 

No waiting for 

manufacturers lengthy 

production schedules. 

aLOWEST PRICES 
As the leading 

Second User 

Equip ment 

co mpany in 

Europe, we are able to 

buy in bulk selecting 

only the very best 

equip ment This means 

we can sell to you at the 

lo west possible prices. 

SUPERBLY 

4
 MAINTAINED EQUIPMENT 
W hen you buy 

fro m Electronic 

Brokers you 

know the equip ment is 

in lop notch' condition. 

It is refurbished in our 

own service laboratories 

and checked to meet the 

m anufacturer's sales 

specifications. 

£160.00 
£120.00 
. £95.00 
£138.00' 

5
 STATE-OF-THE-ART-
TECH-
NOLOGY 
At Electronic 

Brokers, we 

carry large stocks of 

m odern test and 

co mputer equip ment, 

and our strong buying 

power means we are 

able to purchase the 

very latest state-of-the-

art technology. 

  mcrit, 

Marconi 
TF2005R 2 Tone Signal Source.-20Hz-
20KHz. 0-1 1 I dB in 0.1 d8 steps. 

£295.00 

,D207 + W2072 Level Meter and Csalaror 
50KHz-100tvtHz - I iOda0d8. Receive 
bandwidth 3 1 and 10KHz £2200.00 
W2006 + 02006 Carnet Level Test Set OKHZ-
E 7MHz - 100  + 10d8.  £1650.00 
W2007 + D2007 Carrier Level Test Set 
6KHz-18 6MHz. -12050 +20d13  £t000e0 
Wendel and Getter/flan. 
PE- I Digital trrorRate Measuring Set, 
Consisting of PFNIst DigítalError Rate Meter 
and P00-1 Pertern Generate  £2490.00 
P50-5 and Piv10-5 Level Meas.uring Se( 
tOKHz-36MHz -110 ro + 20e113..C.Nik.205A201).-00; 

SScPafsrte-rseapnednPIS-e6r Level fvleasuiln eet 
p6cKFtmz-118pc6:t441.H.e5zr-selt1;0:08Ato,,6,44tecm20d0st9Mmealr_iShr1 /9 
battery operation • , • £2130.00 

Anal,vser, PS5,44.1evel MeasunngSetxannet. 
PDG-1 DigibillignatGeneratos. PDA,,1PCM 
DigitalSignal.Analyser 

OVIVI's AND- DNINrs 
Datt'Ort. 

Resistance.I°5  51/2 D1* T. fuel t ORVS:. OAC.4.inCvresVoIetu %ttort150.00  

Fluke. 
8800A 51/2 Digit OMM. AC/DC yob, 
resistance le resolution  £450. 00 

Hewlett Packard. 
3490A 51/2 Digit OMM AC/DC volts  
Lestrilance IpV resolution 30 dayWarranty 

 £37s.00 
Philips. 
P612527 4½ OlgitOMM. AC/DC voltscurreot 
and resistance topv resolution. True Rtes. 
 m o m 

Solartton. 
A243 51/2 Digit OMM. ACtOC vOits. resistance 
tpV resolution 30 clay warranty  £375.00 

7055 MicroproceSsor 
OMM Scale Length 
20.000 AC/DC volts, 
resistance liAV 
Teseution  esoctoo 

7055 plus proCesso ontroland RS232 
interf e 

Wayne Kerr 
RA200 Frequency Response 
Analyser. Frequency range 20Hz-
30KHz or 200Hz-200KHz. 1 1 in. crt 
display £850.00 
Normal Price when new 
approx. £1906.00 

e ePet eee *reontlroian «232 
inter:fee „1......----- --- - -£99 540 

MISCELLANEOUS 
Data Laboratories. 
DL905 Transient 
Recorder wirttPre 
Triggerfadlity. Ideal for 
viewi ng singles = 
vbRage trans/ MS 
t only £90.00 

RTS2 «order Test setmeatures wow& 
fametoatoftien, Gain  £345.00 
RTS2+ATU,,1 Recorder Test Set and auxiliary 
testset  £375.00 
meoriettparkaro. 
331A Disromm, Meter 51-4a,600eta. 
0.141,-100% FS , il.415.00 
432A Power Meter with 475.4 Triermiste 
Head IONIFir-10G1-4 1041W-10trek 

£45040 
4379A InsulitiOn Resistance-Meter Range 
500K0 to 2-x 10' 40 . £500.00 
8745A S Parameter restset Fitted with 
11604A Universal Arms 0.1-26Fla £2150,00 
Marconi. 
TF791 D Deviation Meter 4.ter4fiele 

 £9540 
TF2 52 MF Attenuate 
DC - 1MHz0-111r18 
Impedance 750' ..  035.00 
TF2331 AF Distortion Meter 
20Hz-20109z 0 196-100% 
imV-30V voltage range £9501 
Rohde and schwore. 
MSC Stereo Coder. 30i-lz-1904z.  £500.00 
Tektronix. 
ISIS IS Main Frame  £150.00 
TM504 Main Frame  £100.00 
DC503 100MHA Counter  £195.00 
DM502 31/2 Digit OMM £150.00 
F0503 0 tHz.1MHz 
Function Generator  £195.00 
PS503A Power Sunny. , . £265.00 
SC502 Dual Trace I 5Mblz Oscilloscope 

£575.00 

W W-200 for further details 
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TEST EOUIPMEN1 
except the price! 

Bruel & Kjaer 
2203 Sound Level Meter C/ W 4165 
1/2 in Microphone. 26-1 40dBA. A,B or 
C weighting. Fast or slo w response. 

£395.00 
Bargain in Unused Condition 

anner(JV Recede. Sertibpaper 
mets/see. 12' paper, . , E1100.00 

6 Channel Chartitecorder, taw-
eay. 2spnea $can weal , £1495.00 

SIGNAL SOURCES 
Aver. 
HF! 35 AM/FM Signal Generator, 4 tet-I 20MHz 
0-100mV in 2008 steps pluefrneCOntrol OIP 
7552   £410.00 

Hewlett Packard. 
203A Variable Phase °settled( 00SHz-
60KHZ 0'360° . £450.00 
4204A Decade LF OSOltator 10Hz- MHz 
ImV 10v into 6002  usisee 
6068 AM Signal Generate 50KHz-65MHz 
AM 0-95% ,  . £050.00 
6168 UHF Signal Generator 1,8 to 4.7GHz Int 
pulse Mod , £1000.00 
6208 SHF Signal Generator 1-1 -tGHz. 
0.14 V-0 224V into 5013. internal M e Pm 

  £2100.00 
65 18 Test Oscillator. 101*-101V114.Z  
0.1mV-3 I6V £415.00 
331 04 Function Generator 0.0005Hz-SiAFiz, 
I 5V pir-pr into 509 Sine square triangle. 
ramp and + or  - pulse waveforms £385.0o 
3320A Frequency Synthesizer 0 01Hz-13M142. 
0/P range 0- + 1308m into son Long term 
frequency accuracy ± 10 pads in 10° ce setting 
per year £995.00 
8600A I- $60 IA RV Sweeper +Markers 
100KHz-110MHz  £1500.00 
86I4A UHF Signal Generator eoo-2400tv1Hz. 
Max 0/P OdBM into 509 In! Square wave 
mod. Ext AM-FM pulse mod  £1950.00 
0616A UHF Signal Generator 1800-4500 
MHz Max 0/P  10dBM from ¡800-3003 
MHz + 3dBM 3000 MHz-4500 MHz Mod as 
pei8b14A £1950.00 
86408 Phase LockedSignal Generator 
0.5 to 520MHz  £3200.00 
0654A AM/FM VhiF Signal Generator 
1.0-5.20MHz, 0 7piv-0 7V Into son AM 
0-90% FM 0-100KHz Mod rate 400Hz and 
1KHz  £895.00 

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

£925.00 
Large Quantities Available 

$6911Age998',Re SweeOr SySteM. 0.1-4G1-1Z 
ittr2 ranges-. Max O/P10mW to2GHz and 
6refftb4G0tz £2300;00 
Marconi. 
're mete AM Signal  10KHz-
72MHz, 28M-2V „  £750.40 
1F9958/5 AM/FMSigneGenerator 200KHz-
220MHZ 4AV-200re/ Nateow debate/rile 
trobtles  £695.00 

T FI 370AOMHz wide Range ft̀C Oscinabaf. 10H0 Sine wave, equate wave (Jet° IOOKHz 

£275.00 

Prv16456 Stereo Generate/. Separate I. arid -le • 
Swrals.Carrierfrequency 100MHz 1.16. RF 
Offl.emV•plorak . £250.od 
Radiometer. 
SR/1Se Steteueienerator. separate L and R 
Signals carte frequency E fflHz. 11F OrP 
ropy- idorriVinte.75if  £315e0 

SOUND LEVEL METERS 
Bruel& Kjaer 
2203 Sound Levet Meter as per previous spec 
but also with 6613 octave filter set with centre 
frequenCiesof 31 5Hz-35 510(z in II settings 
I Only  £565,00 
General Radio. 
1981 Sound.Leyei Meter. 70-1 zote Digital 
and analogue reading, Peak hold. A weightng 

 U00.00 
1983 SOundl.ever Meter. 70-12oe, A 
weighting . , , „ £eos.00 

TRANSMISSION 
MEASURING EQUIPMENT 
Marconi, 
TF2332 AF Transmission Test set. 201-1i-201(Fit 

, £42'100 
02040 Selective Level 
Analyser and 
Voltmeter 101-ez-
60KHz -110(1810 
+ 5008 35V-300V Lin 
and log indication 
digit frequency readout 

£1200.00 

111111 . 

Electronic Brokers Limited 
61/65 Kings Cross Road 
London WC1X 9LN England 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
Hours of Business: 9a.m. 5p.m. Mon-Fri. Closed lunch 1-2p.m. 
ADD 15 % VAT TO ALL PRICES 
Carriage and Packing charge extra on all items unless otherwise stated. 
A copy of our Trading Conditions is available on request. 



CURRENT USED 
Computer equipment and peripherals 

A section of our warehouse showing an extensive PDP11/70 Systems 
range of DEC components and systems available,  available from £22.000 

DEC 
VAX I I /780with 1M8 1/P06. 
TEE 6. H9602. 8A } t. 00f 1, 
DZ 1A, LAI20 £112.000.00 
POP 1/34 System Mon-Al with 
256K8 MOS. 2 x Rek, Disk Drive 
and control. LAM console 

£10,500.00 
POP II/34A I 28KB MOS KY I t-LB 
Programmers Panel DI I 1W 
Interface 2 x RLO I Disk Doves 
and Controler. 6ft Cabinet 
VT100 ConSote   £11,500.00 
POP 1/34A 128 Ka MOS KY I 14.8 
Programmers Panel. DL I 1W 
tritorfaCe RK05/ and RKO5F DISK 
Doves and Controller, 6ft Cabinet 
DEtworer IV Console £9.950.00 
POP 5/34A 256K8 MOS. KY / I -LB 
Prograrnmers Panel. DLI1 W 
Interface. 2 x1K02 Disk Doves 
and Controller, 6ft Cabinet 
VT 100 Console ..  £19,750.00 
POP11/34A 128K8 MOS KY I I LE 
Progr.arn ?2t18f: DLr I W 
trderfaCe. 2 x10.07 Disk Drives 
areControlfer. Eft Cabinet 
VT t 00 Console . .£12,750.00 
POP 1160 System with 2 RK07 
Disk Drives and Condoner. choice 
of Consoie . 

PDP1 1 C.P.U.s 
DEC. 
PDP I 1/03-SD Processor in 3.W' the is orate ewe 16K W  MOS 
memory and É IS option. - 

...,.. BRAND NE W - ONLY . , ,,,, ......... .. ......  £1,495.00 
POP t 1 /04 Processor in 1012i. chassis complete With i6KW s.40S 
memory and DLII W Interface 
BRAND NE W Kan be enhanced to 28KW{   £3,950.00 
POP t 1 /34A Processor 514 in Chassis, I 28150 MOS, enliLB 
Programmers Panel DL I I Winterfacé  .£4,950.00 
'DPI I /34A Processor. /Or/Lin chassis 128KB MOS. KYi 1-LB 
Programmers Panel, DE 1 I LA/ interface..... . £6,250.00 

.„ ....  ..... ., 
MS! 1 JP 16K W MOS memory 
'WTI -LB 128K8MOS ... 
MS11-LO 256K8 MOS   ... 
MSV1 IC 16K W MOS memory ILSt t I) . 
Mil t-BE 64K W f 1/70 i iory  £4,500..00 
MK 1 r 43e 641( W MOS memory for I l ài5'„,- _,...,., . , . „ .. £3,950.00 
MSI L-Mft 256K8 ECC MOS memory for 1 1/44 tNEWI.  £3,942.00 

DEC. 
(K r t A 1 t/34A Cache Memory option ,   £2,000.00 
me 1 IL 131KW cgreremoryc/w 9-slot systernone . , £975.00 
MK i ICE 5) 2Kb 1 1/70 expansion MOS memory ifiClUding frame , 

£14,500.00 
MM I IL 8kW core memory £795.00 
MM !1LP 8K W parity ro m memory.. , .. .... .. .. ....... £750.00 
MMI1DP 16KW core (ex DEC-Maintaireed I 1/34 syntet n, 
BARGAIN OFFER - ONLY .  . .£395.00 
MM I 1UP 16K W Panty core memory conspetesAith 9-slot system 
unit,. ,  11,500.00 
IVIIvIt I UP 1610W parleynore memory (pre/regunne MF / I DP/ 

£1250.00 

DEC. 
I_  Rt635JaelcLort drsk drive 25* mea. 

Exchangeable cartridge type 
Frorn £1.500.00 

RK06-ED Add-on 14 Meg disk dove. - _ .  . .£2.750.00 
RK61 I -ED Unibus Controller + 1 feK04;drive.,.... .£4;500.00 
RK07-ED Add-on 28 Meg disk± drive  .. _--: . - -.  -. 54. 7e. t ic . .. • 
RK711-ED Unibus Controller 1 RK07 dis, kdrive . 54,500,00 
1/1.0 I -AK Add-on 5 Megdisk drive . £1,915.00 
RLO2iAK Add-on 10 Meg Disk Drive. .£2,500:00 
R/V103-Add-0067 Meg disk drive £7,506.00 
RP04-A8 Add-on 88 Meg Disk Drive , . £4.950.00 
8)(11 -81.> 12x0 I Duel floppy + UmbWContmlIet £1,350,012 
Controllers usually avarlable for above dnves 

MAGNETIC TAPE 
DEC. 
Available froMiteriitetiftle 

DEC. 
AAI ID VT01 Controner with 4: 
SA 1 1-KF expander Box . 
OD! 1A 4-slot System Unit 
DOl 18 4-slot System Unit 
DOII-0K 9-slot backplane 
OL 1 I Serial Interface.. ....... . 
0L II WA/8 Serial Interface/Lee Clock 
DR I IC General Purpose Interface_. 
0211A 8-kne E1AMUX . 
DZI I 438-Line Expander MUX 
FP I IA Floating Point 
KL II TTY Interface 
KWill Real Trme Crock 
KWI1P Programmable Clock 
M792 ROM Diode Matrix 
M9301-YB Bootstrap 

POWER SUPPLIES 
DEC. 
H720 Power supply fee ElAtt EXpander-807, ?RAND NE W 
SURPRIS.   117540 

PDP8A CPI/. 
DEC. 
POP8APriaCesSorS, systems and add-on 

PDP8A MEMORY 
DEC. 
MM8AA 8K W Core, 
MM8A8 l6K WCofe   

PDP8E CPU, MEMORY, OPTIONS 
DEC. 
DP8EB CommunicationsAdapron. 
KA8E Positive 1 /0 Bus , 
KD8E Databreak .„ 
KLBE Asynchronous Interface.... 
KL8JA Asynchronous Interface 
KP8E Power fail/auto restart   
MM8E 4K W Core memory stack.   
TA8E Dual Cassette Drive and Controller 
VIBE Set graphics Control Modules 

£125.00 
£1,395,00 
£125.00 
£150.00 
£465.00 
£250.00 
£395.00 
£250.00 
£1,395.00 
£995.00 

£1.750.00 
£150. 00 
£150.00 
£345.00 
£795.00 
£325.00 

£395.00 
£95.00 
£145.00 
£250.00 
£275.00 
„ £5.00 
£350.00 
.£525.00 
£250.00 

VT55-Graprees V:E7-17 
lneedeee. . „ . 

LA34.DECwriter IV 30eps desk top terminal, 1.32caturrins. 
Upper/lower case ASCII.. . .„   . £49£.00 
LASO DECwriter 11 KeyboecePrinter Terminal. The 'Fe mme that he 
became an rndustry stare:ate wilts 132 cortiron upper/lower ease 
pontingenct Ranteh-sereerabie speeds of 10 15 & 30cps, Available 
With /either 2OrnAor.PS232drinedace NOW ONLY ...... 1595.00 

VT 52 SPECIAL PUPCHASE of this 
Pegareitsg-Vrdeo biSplay 
Termer/at featuring full upper/lower 
case ASCilcharacter set 24 x 
display. auxiliary keypad. direct 
cursûr eddressíng andtabulation. 
scrait or hold screen mode with 
X-off facia/. 9 svvttch-seiectaline 
baud rates (75-9400.bautil choice 
of 20mA or e n/interface. 
BRAND NE W:SURPLUS. 
ONLY 

oregrai ha:recopy unit 20mA er. 85232 

LS.T20 High speed keyboard 
terminal. 1.32. catfmtfPritllei with 
adjustalsteractorreed end fun 
upper and lavierease ASCII 
printtneolx dottratref 180 cps 
print speedapeoperator -selectable 
baud rates.uptlo «0 baud. 
Integral stand. 115232 interface 
BRAND NE W 51.113PLUS ikmited 
guentrtyl, ONLY  £750.00 
VT100 - IImItedglaaneiIy in as-new 
canon/on. .£650.00 
DECvroter IV Des1nte terminal 
complete with tractor feed paper-
out. cattle and keypad options 

£495,00 

SURPLUS As a KEYBOARDS 
Clare-Pendar Kf33. 63 Station teed-switch ASCII Keyboard vvrth ROM 
ran  d tested working. meter  dragram supplied  £35.00 

Oran order total  £41 98) 
Vare-Pendar K133 63-station reed-switch keyboard untested and 
Without ROM.larconsuppkedr...  £15.00 

(manorder total . E 18 96) 

PRINTERS 
Ceistydrdo 101. 
ffe 4r Duty Matrix printer wish 64 ASCII tipper tee character Set. 
1£4cpsdperation, 1.320,1M-00880M w e adjustable tractor teed 
Parallel input ONLY'. , £495.00 

Diablo Hyterm 1620 
Daisy- Wheel Kse /keyboard-send-receive/ model with standard 
RS232 interface, 45 cps print speed. I 10/i 50/300 baud, switch-
selectable parity, top-Of-form selector. Graphics capablfity under 
software contrai. £1,275.00 
Diablo 1355 
Receive-only daisy wheel ponterwith paraliet interface £095.00 

KEYBOARDS 
Neet  ASertXeyborects. 
KeSeeelfestellce) keyboard with fullupperlfpwer ease ASCII, 
paralret input mounting frame foronta mercy powerregurrements 
5Vi -12V 539-MO 

/mg order total  £47.15) 
K13771MF as per 756Mf 0ut Math 71 keystationsincorpoeating 
nutlet< pad .and cursor-centre keys- £65.00 

Irrenorder torn  £77 05 
ey702 SteerencesureforK13755keybOarci.. ...... 

peed order topiI ..... £23 00) 

10 ffie-Ail  _ 
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DEC ROUIPMENT 
by Digital Equipment Corporation 

din 

The VT100, Digital's A selection of our indepth range of DEC Terminals. 
high performance video 
terminal 

exesti,upta, - LO W COST 
MAT O( PRINTER IDEAL FOR 
twee/ex:Keg» USERS SUCH 
AS HOeffeiSn& 
EDUCATiONAI2ST5OR ANY 
LOVfifelDOET APPLICATION 
* FttlI ffleedwet case ASCII 
PLIetBRAPHK5MOde 

* 80-columnponting with 
acguStabletraemeeed 

* Starearcian0doutneiwicith 
charaeteestfecplancti5 COI 
30CpS pet speed with 14the 
buffer 

* typpl interface 
aternettacesavanatteefOt 

ltS2S2. teem. 'Tandy. PET 
Apple 11 

* ONLY  ..„ . ,£49.9.00 
(Manorder total. ,5234,00) 

GPO° Optionatinterratee 
RS232 
IEEE 
PET 
Apple 
Tandy 

Git$0 Fanfold Paper 
Box or 2000x eenstseet5 

kW:mane. 
Thermal printer. 80.cOlUttIns.30Cp2SikentÉCLikrith.plealle rtplpht 

0 95,00 
fly160Z. 
'SDzpeMadeifltinteryeth fult95.uppettitsweteaS,e2A501ctsatacter 
7 n 7 tee matrix, 02 canines with adjustable tractor feed, 

p151*eecsional printing, double-wetneharacter feature, self tee 
My, ether:etc s4ype parallel interface  £075.K70 

teletype. 
Reconditioned ASR33 Teletype lemma& wiehpaperLape punch 
and reader even parity keyboarefare:P52.,32 interface, 
SPECIAL OFFER SEVEN-DAY WAR MNTy -CASH AND CARRY 
ONLY .... . „ . •• .fees.ce 

LawCo4terrnter Offer, 
Teletype 3e pretty mechanism 
inctuding case but re keyboandor 
electronics, 64 upper case ASCII. 
10 cps. pinfeed platen, ideal Were 
electro/ru c hObby st ONLY £85..00 

PROGRAMMABLE CALCULATORS 
Hewlett Packard. 
900A.with «memory. extendectiPaeOhtt StaneeariabteeRom, 
Separate 3 parallelmterfaces,....- ........... - ...... 

MODEMS 
acatertligsf. 

anbdenx 26 *sr 120e2400rtraud, 2 itir4smiee, ftell970i111ex 
. .... 

Texas. 
meletteable Data Terminer 
Pleitli:keà'keylearci. printer, 
integraleeçuste eduPleT and 
carrying case. TOtat weight ority 
13•Ibs.. £150:00 

Texas. 
733 /35Etterminal.utikerighighperformanCe rwin:caSSelle-dflYe 
fast timesave4iitransmielorrandoeline storage, 
* Siien(eper n 
* SWItChieleetabletranSmiSsen speeds 10, 14,e90-nps 
* Funtapeedireng capability 
* Eilattespereekl etatereandr ffled 
* Stat ent7e5.232-intereade , , ,.£197:5t00 
745 LIGHT- M ee  Blbsj. terminal-we jnzegra# acousu coupler. 
10/30-cps, canyrna case £750.08 

FLOPPY DISK DRIVES 
Shugteff SA400. 
$1/4 ' teuN1FLOPPY 
* Capacity funformadertt I 10Kbesinglecferisny):2201Kh fdleelie 
density) 

* Power requirements a- 5VDC + 12VDC DetereSiCeS 
eei X eke x 8", weight As 

. .  , _ 1195.00 
Shugart 5A450„ 
Double Sided, double density 
meant:ropy, providing 440 0 
unformatted storage capacity, yet 
Me sane compact sire and weight 
as Me SA400 „ £298.00 

Shugart seam. 
8" FLOPPY 
* Capacity lunformattece 

40,Orà, (single density) 
8001(b (double density) 

* Power requirements 
+ 24VOC + 5VDC -5v0C 
Dirriedunds 4f 91/2 " n 1.41A 

Electronic Brokers Limited 
61/65 Kings Cross Road 
London WC1X 9LN England 
Telephone: 01-278 3461 
Telex: 298694 Elebro G 
Hours of Business: 9a.m. • 5p.m. Mon-Fri. Closed lunch 1-2p.m. 
ADD 15% VAT TO ALL PRICES 
Carriage and Packing charge extra on all items unless otherwise stated. 
A copy of our Trading Conditions is available on request. 

OhatitePtitcs. 
Pt a ertpapertapepte e, Sotenoidectuated unit capable-of 
punching 5 be ersanpet tapes at fpeedsupt0 35 cps. 
Pulse arripfnu  '5/DC. Compact tablenceenit  £95:00 

fen 4070. 
Tete teperaleypunctr that he 
become an industry standard. 
Asynchronous 75cPs-00eration-
Adjustable for punching S. K. 7 or 
8 level tape. Sencontairieddesk-
tap unittte0epenategsupplyand 
take/up >pooh. Clad ten. and TTL, 
ecerparible.controlegic .1650.00 

VIJIJ  H1000 The low, low priced 
teletypewriter-compatible video 
display terminal, offering your 
choice of transmission speeds up to 
9600 baud-as well as parity 
generation and checking. 12 x 80 
display upper case ASCII, RS232 
interface, choice of baud rates 
- Standard baud rates either (a) 
11 0/300 or (b) 300/1200. (£25 
surcharge for other-combinations 
up to 9600 baud). 
SUPER VALUE  £199.00 
H2000 Superb spec. including full 
XY cursor addressing and edit 
facility. 27 x 74 display, upper case 
ASCII. RS232 interface, switch-
selectable baud rates  £299.00 
H2000C NO W ALSO AVAILABLE 
with 25 x 80 line format and '  
C-MOS logic  £375.00 
Modular One. Now with 
upper/lower case. XY cursor 
addressing, 24 x 80 line display, 
dual intensity detachable 
keyboard, choice of 8 transmission . 
rates up to 9600 baud  £399.00 

Also available from time to time 
Hazeltine I 500 from  £575.00 
Hazeltine I 510 from  £650.00 

Tektronix 
4010.1 oraphtcs 'terminat with tugh-resolutlon grapt1KS mode, 
standard alphanumeric mode, printer port. integral stand £7,750.00 
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HI-FI 
DRIVE 
UNITS 

WILMSLOW 
BO 0 

he firm for Speakers 

AUDAX H012.9025 
AUDAX HD11P25EBC 
AUDAX HD20825H4 
AUDAX HD13034H 
AUDAX HD24545C 
AUDAX WER155 
CHARTWELL CEA205 
COLES 4001 
COLES 3000 
'COLES 3100 
COLES CE2000 61/2 " 
.CELESTION HF1300 It 
CELESTION I42000 
DALESFORD 010 tweeter 
DALESFORD 010 ferrofluid 
.DALESFORD 030/110 
,DALESFORD D50/ 153 
DALESFORD 050/200 
DALESFORD D100/250 
DALESFORD D300 
DECCA London Horn 
ELAC 6NC204 61/2 " 
FLAC 8NC298 8" 
EMI type 350, 13" x 8", 4 ohm 
EMI 14A/770, 14" x 9", 8 ohm 
ISOPHON KK8/8 
ISOPHON KK10/8 
JORDAN WATTS Module 
JORDAN WATTS Module Mk III 
JORDAN WATTS HF kit 
JORDAN 50mm Unit 
JORDAN crossover each 
KEF 727 
KEF B110 
KEF 8200 
KEF 8139 
KEF DN12 
KEF ON13 
LOWTHER PM6 
LO WTHER PM6 Mk I 
LO WTHER PM7 
PEERLESS K010DT 
PEERLESS DT1OHFC 
PEERLESS K040MRF 
RICHARD ALLAN CG8T 
RICHARD ALLAN CG 121 Super 
RICHARD ALLAN HP8B 
RICHARD ALLAN LP8B 

RICHARD ALLAN HP12B 
RICHARD ALLAN DT20 
RICHARD ALLAN DT30 
SEAS H107 

£8.75 

££147..9505, 

£12.95 
£21.95 
£23.95 

pair £61.25 
£7.65 
£7.65 
£7.95 
£14.95 
£12.50 
£13.60 
£8.45 
£8.95 
£11.25 
£12.25 
£12.25 
£29.95 
£35.75 
£79.95 
£7.50 
£8.95 
£9.45 
£19.50 
£8.15 
£8.45 
£24.95 
£28.50 
£10.50 
fof.-Éo 
£15.95 
£9.4.5 
£12.25 
£13.50 
£27.75 
£9.40 
£6.75 
£63.00 
£67.75 
£99.00 
£10.95 
£10.50 
£13.60 
£13.50 
£29.50 
£20.75 
£14.50 
£33.50 
£9.95 
£10.75 
£9.95 

SEAS H211 ferrofluid  £10.95 
SHACKMAN ES units  £136 pair 
SHACKMAN ES units with cabs. £170 pair 

SWIFT 
OF WILMSLOW 
Thefirmfor HI-Fi 
5 Swan Street 
Wilmslow, Cheshire 

PA GROUP & 
DISCO UNITS 

CELESTION G1 2/50TC 
CELESTION G12/80CE 
CELESTION G12/80TC 
CELESTION G12/ 125CE 
CELESTION G15/ 100CE 
CELESTION G15/ 100TC 
CELESTION G18/200 
CELESTION Powercel 12/150 
CELESTION Powercel 15/250 
FANE CLASSIC 45 12" 
FANE CLASSIC 55 12" 
FANE CLASSIC 80 12" 
FANE CLASSIC 85 15" 
FANE CLASSIC 150 15" 
FANE CLASSIC 125 18" 
FANE CLASSIC 175 18" 
FANE GUITAR 80L 12" 
FANE GUITAR 80B/2 12" 
FANE DISCO 100 12" 
FANE PASS 12" 
FANE BASS 100 15" 
FANE CRESCENDO 12E 12" 
FANE CRESCENDO 15E 15" 
FANE CRESCENDO 18E 18" 
FANE COLOSSUS 15E 15" 
FANE COLOSSUS 18E 18" 
FANE J44 
FANE J73 
FANE .1104 
FANE J105 
GAUSS 3181A 10" 150 vvatts 
GAUSS 4281 12" 300 watts 
GAUSS 4581 15" 300 watts 
GAUSS 4583A 15" 400 watts 
GAUSS 4882 18" 400 watts 
GOODMANS 8PA 
GOODMANS PP12 
GOODMANS 0112 
GOODMANS GR12 
GOODMANS 18P 
GOODMANS HIFAX 50HX 
GOODMANS HIFAX 100HX 
McKENZIE C12100GP 
McKENZIE C12100TC 
McKENZIE C12100 bass 
McKENZIE Ci 21250F 
McKENZIE C12125TC 
McKENZIE GP15 
McKENZIE TC15 
McKENZIE C15 bass 
MOTOROLA PIEZO HORN 31/2 " 
MOTOROLA PIEZO HORN 2" x 6" £12.25 
RICHARD ALLAN HD8T 
RICHARD ALLAN HD1OT 
RICHARD ALLAN HD127 
RICHARD ALLAN HD15' 
RICHARD ALLAN HD15P 
RICHARD ALLAN 15" 
RICHARD ALLAN 18" 

£19.50 
£24.50 
£23.75 
£42.00 
£37.95 
£38.50 
£64.75 
£66.00 
£88.00 
£13.95 
£15.50 
£19.75 
£26.00 
£37.95 
£43.95 
£47.95 
£26.25 
£27.25 
£28.75 
£26.75 
£39.00 
£57.50 
£74.50 
£94.75 
£99.95 
£107.00 
£6.90 
£10.90 
£15.95 
£23.95 
£115.00 
£146.00 
£162.00 
£162.00 
£220.00 
£5.05 
£22.50 
£25.50 
£24.95 
£48.45 
£21.85 
£24.50 
£24.45 
£24.45 
£24.45 
£39.95 
£39.95 
£35.10 
£35.10 

  £59.60 

£20.25 
£21.75 
£29.75 
£52.75 
£52.75 
£77.00 
£96.00 

WILMSLOW 
AUDIO 

KITS FOR MAGAZINE DESIGNS 

Kits include drive units, crossovers, 
BAF/ long fibre wool, etc, for • pair of 
speakers 

Carriage £3.95 
unless otherwise stated 

Practical Hi Fi & Audio PRO9-TL 
including felt panels and level controls 

£152.75 
carriage £5 

Hi Fi Answers Monitor  £146.00 
Hi Fi News State of the Art  £189.00 
Hi Fi News Midiline  £99.75 
Hi Fi News Miniline  £49.00 
Hi Fi News Tabor with J4 bass units 

£66.00 
Hi Fi News Tabor with H4 bass units 

£70.00 
Hi Fi for Pleasure Compact Monitor 

£116.00 
Hi Fi for Pleasure E.C.M. (includng felt 
panels, foam etc)  £77.50 

carriage £5 
Popular Hi Fi Jordan System 1 £125.00 
Popular Hi Fi Mini Monitor  £77.00 
Popular Hi Fi Round Sound 
including complete 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 

£120.00 
Practical Hi Fi &Audio OBS4  £85.00 

carriage £5 
Everyday Electronics EÉ20  £29.50 
Everyday ELectronics EE70  £150.00 

carriage £5 
Wireless World T.L. KEF  £125.00 
Wireless World T.t. RADFORD £190.00 

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

WILMSLOW AUDIO BA1 
sub bass amplifier/ 
crossover kit  £37.95 

plus f1 carriage 

ALL PRICES INCLUDE VAT @ 15% 
and are correct at 1/2/81 

SEND 50p FOR 56-PAGE CATALOGUE 
'CHOOSING A SPEAKER' 

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

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

enquiries. 

Tel: 0625 526213 for Hi-Fi equipment and complete 
speaker enquiries, 

= I Lightning service on telephoned credit card orders! n 

EVERYTHING IN STOCK 
FOR THE SPEAKER 
CONSTRUCTOR! 

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

(Send 22p in stamps for grille fabric 
samples) 

SPEAKER 
KITS 

PRICES PER PAIR 
CARRIAGE £3.95 

UNLESS OTHER WISE STATED 

COLES NIMBUS KIT 
(mounted on baffle) 
DALESFORD SYSTEM 1 
DALESFORD SYSTEM 2 
DALESFORD SYSTEM 3 
DALESFORD SYSTEM 4 
DALESFORD SYSTEM 5 
DALESFORD SYSTEM 6  £95.00 
DALESFORD 'D' KIT (including cabinet) 

£79.95 
KEF Reference 104aB kit 

£133.00 plus £5 carriage 
KEF Cantata kit  £199.00 plus £5 carriage 
LS3 Micro Monitor kit  £78.00 
LO WTHER PM6 lot 
LO WTHER PM6 Mk 1 kit 
LOWTHER PM7 kit 
RADFORD Studio 90 
RADFORD Monitor 180 
RADFORD Studio 270 
RADFORD Studio 360 
RICHARD ALLAN Tango Twin 
RICHARD ALLAN Maramba 
RICHARD ALLAN Charisma 
RICHARD ALLAN Super Triple  £102.50 
RICHARD ALLAN Super Saraband II 

£159.95 
£62.75 
£98.75 
£108.00 
£42.50 
£67.00 

£134.95 
WHARFEDALE DENTON XP2 kit  £31.45 
WHARFEDALE SHELTON XP2 kit  £40.40 
WHARFEDALE LINTON XP2 kit  £55.20 
WHARFEDALE L60 kit  £52.50 
WHARFEDALE L80 kit  £72.00 
WHARFEDALE L100 kit  £87.00 
WHARFEDALE E50 kit  £129.00 
WHARFEDALE E70 kit  £160.00 

• WHARFEDALE E90 kit  £249.50 

RICHARD ALLAN RA8 kit 
RICHARD ALLAN RA82 kit 
RICHARD ALLAN RA82L kit 
SEAS 223 
SEAS 253 
SEAS 403 
SEAS 603 

£69.00 

£54.00 
£57.00 
£104.00 
£110.00 
£142.00 

£132.75 
£139.95 
£199.00 
£181.00 
£243.00 
£309.00 
£450.00 
£55.50 
£77.50 
£111.00 

CARRIAGE & INSURANCE 
Tweeters/ Crossovers  70p each 
Speakers 
4" to 61/2 "  90p each 
8" to 10"  £1.10 each 
12, 13" x 8", 14" x 9" £2.00 each 
15"  £3.00 each 
18"  £5.00 each 
Speaker Kits  £3.95 pair 
Meg. Design Kits  £3.95 pair 

unless otherwise stated 

WILMSLOW 
MOO 

The firm for Speakers   

35/39 Church Street 
Wilmslow, Cheshire 

WW - 032 FOR FURTHER DETAILS 

Here is the expertise 
you can depend on 

trwi 

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 strength 

measurement work 
that they have been in 
particular demand. 
Extended heights 

4.1m. to 21m. 

Years in this J 
sPecia list 
field 

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

Why compromise? 

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

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

L CLARK 
'yvt: 

Ise itt 
isetibettioe 

HM312 Dual 
Trace 
Oscilloscope. 

DC-20MHz. 
Sensitivity 5mV-
20V/ cm. Time 
base range 
0.5uS-0.25/cm 
with x5 horiz mag 
to 100nS /cm, 
with variable 
control 
uncalibrated to 
40nS /cm. CRT 
screen 8 x 10cm. 

Full XV using chll 
as X input. 

Bandwidth 
2.3MHz. TV 
trigger. 

NOW BETTER 
VALUE THAN 
EVER AT 

H M512 Dual 
Trace 

Oscilloscope 
with delayed 

sweep. 
DC-50MHz. 
Sensitivity 5mV-
20V/cm Time 

base range 
0.1uS-2.05 /cm 
with x5 horiz mag 
to 20nS /cm. 

Delay ranges 7 
decade steps 
10Ons-15 with 
fine control CRT 
screen 8 x 10cm. 
Full XV using ch II 
as x input, 
bandwidth 4 
MHz. Z input. 
Delay line allows 
viewing of 
leading edge. 
Vertical overscan 
indicated by 2 
LED's. 

£580 
Other models available. 

HM30710MHz plus component tester.  £138.00 
HM41220 MHz with sweep delay,  £350.00 

HM812 50 MHz storage.  £1458.00 

All'scopes can be fitted with a littng persistence CRT at extra cost. 

World-beating Oscilloscope Offers 
FROM 

Electronic Brokers 
I Mil 

61/65 King's Cross Road 
London WC1X 9LN 

lam  Tel: 01278 3461. Telex 298694 
Prices do not include carriage or VAT 

WW - 034 FOR FURTHER DETAILS 

w americanr 

WW - 005 FOR FURTHER DETAILS 
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All 

METER PROBLEMS? 

137 Standard Ranges in a variety of 

sizes and stylings available for 10-1 4 

days  delivery.  Other  Ranges  and 
special scales can be made to order. 

Full Information from: 

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

Telex: 892301 HARTR 0 G 

WW-006 FOR FURTHER DETAILS 

Cobbles Ltd., 
London. 01 -699-2282 

Microdigital Ltd., 
Liverpool. 051-227-2535 

Electronica CG Ltd., 
Manchester. 061 -788-0656 

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

WIRELESS WORLD AUGUST 1981 

M ORE SPEC. FOR YOUR M ONEY 

ety 
TYPE 217 DUAL POWER SUPPLY 

£84.88 & E3.00 carriage. ins.. etc. 

CONSTANT VOLTAGE or CONSTANT CURRENT 

DIGITAL MONITORING 

MODE INDICATION 

+0 to 20V and —0 to 20V or 0 to 40V 

+0 to 750mA and —0 to 750mA 

ALL INDEPENDENTLY SELECTABLE 

LAB SPEC.  BENCH PRICE! 

OMB ELECTRONICS, RIVERSIDE, EYNSFORD. KENT DA4 04E 

Tel. Farningham (03221 863567 

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

to press and are subject to change without notice. 

FRO M O MB ELECTRONICS 

WW--011 FOR FURTHER DETAILS 

NE W DISTRIBUTORS WANTED 

Port of o complete range 

DUTTON LANE EASTLEIGH SO5 4AA TEL(0703)610944/5   

AVAILABLE FROM ALL LEADING ELECTRONIC DISTRIBUTORS 

Jee Distribution Ltd.,  Watford Electronics Ltd.,  Technomatic Ltd., 
Middlesex. 01 -897-3429  Worfnrd n991-Q777.4 

Transom, 
London. 01 -402-8137 

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

WIRELESS WORLD AUGUST 1981 

Interface Components Ltd., 
Amersham. 02403-22307 

New Bear Computing Si'r)re  diohistoi 

BULK EPROM  4'44,44 4•44,4 
PROGRAMMING 
P4000 PRODUCTION 
EPROM PROGRAMMER 

This unit provides simple, reliable programming of up to 8 
EPROMS simultaneously. It has been designed for ease of operator 
use — a single 'program key starts the self check — blank check — 
program — verify sequence. 
Independent blank check & verify controls are provided along with 
mode, pass/fail indicators for each copy socket and a sounder to 
signal a correct key command & the end of a programming run. 
Any of the 2704/2708/2716 (3 rail) & 2508/2758/2516/ 
271 6/ 2532/ 2732 (single rail) EPROMS may be selected without 
hardware or personality card changes. 
PRICE £545 + VAT. Postage paid 

BULK EPROM 
ERASING 

ekee0.4.4.  

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

MODEL UV140 EPROM ERASER 
Similar to Model UV1 41 but without timer. Price £61.50 + VAT 
post paid 

BULK EPRO M  
2716 (450ns) 
single 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 leading companies and are 
fully guaranteed, branded and to full specification. 

1-9  10-24  25-49  50-99  100 up 
19e*  

£5.00  £4.50  £4.00  £3.55  £2.95 

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

Overseas customers, please telex or write for quotation and 
terms. 

GP INDUSTRIAL 
ELECTRONICS LTD 

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

Telex: 42596 
DISTRIBUTORS REQUIRED - EXPORT ENQUIRIES WELCOME  

WW - 036 FOR FURTHER DETAILS 

8050A 4% Digit LCD 
DMM with true RMS on 
AC volts and current 
DC volts 200mV-1KV, 
10µV resolution AC 
volts. 200mV-750V,, 
10µV resolution. 
DC/AC current 
200µA-2A, 0.01µA 
resolution resistance 
2002-20M2, 0.0112 
resolution. Also reads 
dB direct referenced to 
16 stored impedances. 
Conductance ranges 
2mS and 200nS. 
£245 mains model 
£285 mains battery 

8012A 31/2 Digit LCD DMM with true RMS on AC volts and current. 
DC volts 200mV-1KV, 100µV resolution. AC volts 200 mV-750V, 
100µV resolution. DC/AC current 200µA-2A, 0.1µA resolution. 
Resistance 2002-20M2, 0.1 S2 resolution Low resistance 22 and 202, 
lmS2 resolution Conductance ranges 2mS-20µS-200nS 

£218.00 mains model 
£244.00 mains battery. 

8010A 31/2 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 31/2 Digit hand 
held LCD DMM with peak 
hold Level Detector 
and continuity tester. 
DC volts 200mV-1KV, 
100µV resolution. 

AC volts 200mV-750V, 100µV resolution .DC / AC current 2mA-2A; 
1µA resolution. Resistance 200S2-20MS2, 0.12 resolution. 
Conductance 200nS.Peakhold of AC or DC volts and current. 
Level detector operates around +0.8V reference. Audio tone on 
level and continuity, £155.00, carrying case £8.00 extra. 

8020A 31/2 Digit hand held LCD DMM. spec as per 
8024A with extra conductance range of 2mS but 
no peak hold, level or continuity ranges. 
Complete with carrying case. £125.GO. 

8022A 31/2 Digit hand held LCD DMM. Spec 
as per 8020A but no conductance ranges 
and slight reduction in accuracy, £89.00 
carrying case £8.00 extra. 

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

Electronic Brokers 
61-65 King's Cross Road 

I =14 London, W C1 X 9LN 
i mp  Tel: 01-278 3461 - Telex 298694 

Prices 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 
4000  0.13 
4001  0.20 
4002  0.14 
4007  0.19 
4008  0.70 
4008A E  0.80 
4009  0.30 
4010  0.30 
4011A E  0.24 
4011  0.15 
4013  0.35 
4015  0.70 
4016  0.30 
4017  0.65 
4019  0.68 
4021  0.75 
4022  0.68 
4023  0.19 
4024  0.45 
4025  0.18 
4026  1.05 
4028  0.60 
4029  0.75 
4030  0.35 
4035  0.75 
4040  0.68 
4042  0.65 
4043  0.68 
4043A E  0.93 
4044  0.68 
4046  0.69 
4047  0.69 
4049  0.30 
4050  0.30 
4051  0.65 
4052  0.69 
4053  0.69 
4054  1.30 
4055  1.30 
4056  1.35 
4059  5.75 
4060  0.95 
4063  1.15 
4066  0.38 
4067  4.30 
4068  0.18 
4069  0.18 
4070  0.25 
4071  0.22 
4072  0.22 
4073  0.22 
4075  0.18 
4076  0.60 
4077  0.23 
4078  0.25 
4081  0.15 
4082  0.25 
4093  0.45 
4099  0.99 
4175  1.15 
4502  0.90 
4503  0.55 
4506  0.75 
4507  0.45 
4508  1.99 
4510  0.70 
4511  0.85 
4512  0.70 
4514  2.20 
4515  2.50 
4516  0.75 
4518  0.75 
4520  0.80 
4521  2.36 
4522  1.49 
4527  0.95 
4528  0.95 
4529 '  1.40 
4539  1.10 
4543  1.00 
4549  3.50 
4553  3.10 
4554  1.73 
4555  0.72 
4556  0.58 
4557  2.10 
4558  1.00 

4559 
4560 
4561 
4562 
4566 
4568 
4569 
4572 
4580 
4581 
4582 
4583 
4584 
4585 
4702 
4703 
4704 
4705 
4706 
4720 
4723 
4724 
4725 
40014 
40085 
40098 
40106 
40160 
40161 
40162 
40163 
40174 
40175 
40192 
40193 
40194 
40195 

TTL 'N' 

7400N 
7401N 
7402N 
7403N 
7404N 
7405N 
7406N 
7407N 
7408N 
7409N 
7410N 
7411N 
7412N 
7413N 
7414N 
7416N 
7417N 
7402N 
7421N 
7422N 
7423N 
7425N 
7426N 
7427N 
7428N 
7430N 
7432N 
7437N 
7438N 
7440N 
7441N 
7442N 
7443N 
7444N 
7445N 
7446N 
7447N 
7448N 
7450 
7451N 
7453N 
7454N 
7460N 
7470N 
7472N 
7473N 
7474N 
7475N 

2.75 
2.18 
0.70 
2.75 
1.59 
2.18 
1.95 
0.30 
3.25 
1.50 
0.99 
0.80 
0.49 
1.00 
4.50 
4.48 
4.24 
4.24 
4.50 
4.00 
0.95 
0.95 
2.24 
0.54 
0.99 
0.54 
0.54 
0.69 
0.69 
0.69 
0.69 
0.69 
0.69 
0.75 
0.75 
0.69 
0.69 

0.10 
0.10 
0.10 
0.11 
0.12 
0.12 
0.22 
0.22 
0.15 
0.15 
0.12 
0.18 
0.19 
0.27 
0.51 
0.27 
0.27 
0.13 
0.28 
0.20 
0.22 
0.22 
0.22 
0.22 
0.35 
0.13 
0.23 
0.22 
0.22 
0.14 
0.54 
0.42 
0.62 
0.62 
0.62 
0.62 
0.62 
0.56 
0.14 
0.14 
0.14 
0.14 
0.14 
0.28 
0.27 
0.28 
0.28 
0.35 

7476N  0.30 
7480N  0.26 
7481N  0.20 
7482N  0.75 
7485N  0.75 
7486N  0.24 
7489N  1.05 
7490N  0.30 
7491N  0.55 
7492N  0.35 
7493N  0.35 
7494N  0.70 
7495N  0.60 
7496N  0.45 
7497N  1.40 
74100  1.10 
74104  0.62 
74105  0.62 
74107  0.26 
74109N  0.35 
74110N  0.54 
74111N  0.68 
74112N  1.70 
74116N  1.98 
74118N  0.85 
74119N  1.20 
74120N  0.95 
74121N  0.34 
74122N  0.34 
74123N  0.40 
74125N  0.40 
74126N  0.40 
74128N  0.65 
74132N  0.50 
74136N  0.65 
74141N  0.45 
74142N  1.85 
74143N  2.50 
74144N 
74145N 
74147N 
74148N 
74150N 
74151N 
74153N 
74154N 
74155N 
74156N 
74157N 
74159N 
74160N 
74161N 
74162N 
74163N 
74164N 
74165N 
74166N 
74167N 
74170N 
74173N 
74174N 
74175N 
74176N 
74177N 
74178N 
74179N 
74180N 
74181N 
74182N 
74184N 
74185N 
74188N 
74190N  0.55 
74191N  0.55 
74192N  0.55 
74193N  0.55 
74194N  0.55 
74195N  0.55 
74196N  0.55 
74197N  0.55 
74198N  0.85 
74199N  1.00 
74221N  1.00 
74246N  1.50 
74247N  1.51 
74248N  1.89 
74249N  0.11 
74251N  1.05 

2.50 
0.75 
1.50 
1.09 
0.79 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
1.90 
0.55 
0.55 
0.55 
0.55 
0.55 
0.55 
0.76 
1.25 
1.25 
1.10 
0.75 
0.75 
0.75 
0.75 
0.90 
1.35 
0.75 
1.22 
0.70 
1.20 
1.20 
3.00 

74265N 
74273N 
74278N 
74279N 
74283N 
74284N 
74285N 
74290N 
74293N 
74297N 
74298N 
74365N 
74366N 
74367N 
74368N 
74390N 
74393N 
74490N 

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 

74LSN series 

74LSOON 
74LSO1N 
74LSO2N 
74LSO3N 
74LSO4N 
74LSO5N 
74LSO8N 
741_809N 
74LS1ON 
74LS11N 
74LS12N 
74LS13N 
74LS14N 
74 LS15N 
74LS2ON 
74LS21N 
74LS22N 
74LS26N 
74LS27N 
74LS28N 
74LS3ON 
74LS32N 
74LS33N 
74LS37N 
74LS38N 
74LS4ON 
74LS42N 
74LS47N 
74LS48N 
74LS49N 
74LS51N 
74LS54N 
74LS55N 
74LS63N 
74LS73N 
74LS74N 
74LS75N 
74LS76N 
74LS78N 
74LS83N 
74LS85N 
74LS86N 
74LS9ON 
74LS91N 
74LS92N 
74LS93N 
74LS95N 
74LS96N 
74LS107N 
74LS 109N 
74LS112N 
74SL113N 
74 LS114N 
74 LS122N 
74LS123N 
74 LS124N 
74 LS125N 
74LS126N 
74LS132N 
74 LS133N 
74LS136N 
74 LS138N 
74LS139N 
74 LS145N 
74LS147N 
74LS148N 
74LS151N 

0.11 
0.11 
0.12 
0.12 
0.14 
0.14 
0.14 
0.14 
0.13 
0.14 
0.15 
0.28 
0.49 
0.14 
0.13 
0.15 
0.15 
0.18 
0.14 
0.35 
0.13 
0.14 
0.16 
0.17 
0.16 
0.13 
0.40 
0.42 
0.55 
0.61 
0.14 
0.15 
0.15 
1.50 
0.21 
0.18 
0.28 
0.22 
0.24 
0.50 
0.70 
0.18 
0.32 
1.25 
0.39 
0.38 
0.48 
1.20 
0.25 
0.25 
0.25 
0.25 
0.25 
0.40 
0.55 
1.80 
0.29 
0.29 
0.45 
0.30 
0.25 
0.40 
0.40 
1.20 
2.10 
1.60 
0.35 

74LS 153N  0.35 
74LS 154N  0.99 
74LS 155N  0.50 
74LS156N  0.50 
74LS157N  0.36 
74LS158N  0.40 
74LS 160N  0.40 
74LS161N  0.40 
74LS162N  0.40 
74LS163N  0.40 
74LS154N  0.50 
74LS 165N  1.20 
74LS166N  1.75 
74LS168N  0.85 
74LS169N  0.85 
74LS170N  1.85 
74LS173N  0.75 
74LS 174N  0.55 
74LS175N  0.55 
74LS181N  1.35 
74LS183N  2.96 
74LS 189N  1.28 
74LS 190N  0.60 
74LS191N  0.60 
74LS192N  0.68 
74LS193N  0.68 
74LS194N  0.42 
74LS195N  0.42 
74LS 196N  0.65 
74LS197N  0.65 
74LS200N  3.45 
74 LS202 N  3.45 
74LS221N  0.60 
74LS240N  0.99 
74LS241N  0.99 
74LS242N  1.65 
74 L S243 N  1.65 
74LS244 N  0.83 
74LS245N  1.50 
74>LS247N  1.35 
74 LS248 N  1.35 
74 L S249 N  1.35 
74LS251N  0.46 
74LS253N  0.46 
74LS257N  0.55 
74LS258N  0.39 
74LS259N  0.39 
74 L S260N  0.70 
74 LS266N  0.24 
74LS273N  0.90 
74LS275N  3.20 
74LS279N  0.35 
74 LS280N  2.05 
74LS283N  0.44 
74LS290N  0.58 
74 LS293N  1.30 
74 LS295N  1.50 
74LS298N  1.50 
74 LS365N  0.35 
74LS366N  0.35 
74LS367N  0.35 
74 LS368N  0.35 
74 LS373N  0.78 
74LS374N  0.78 
74LS375N  1.15 
74LS377N  1.99 
74LS378N  1.40 
74LS379N  2.15 
74LS384N  2.50 
74 LS385N  4.20 
74LS386N  0.29 
74LS390N  0.68 
74LS393N  0.61 
74LS395N  2.10 
74 LS396N  1.99 
74LS398N  2.75 
74 LS399N  2.30 
74LS445N  1.40 
74LS447N  1.95 
74LS490N  11.10 
74 LS668N  1.05 
74 LS669N  1.05 
74LS670N  1.70 

74CXX series 

74 COO  0.20 
74CO2  0.20 

74C04 
74C08 
74C10 
74C14 
74C20 
74C30 
74 C32 
74C42 
74C48 
74C73 
74C74 
74C76 
74C83 
74C85 
74C86 
74C89 
74C90 
74C93 
74C95 
74C107 
74C151 
74C 154 
74C157 
74C160 
74C161 
74C162 
74C163 
74C164 
74C165 
74C173 
74C174 
74C175 
74C192 
74C193 
74C 195 
74C200 
74C221 
74C901 
74C902 
74C903 
74C904 
74C905 
74C906 
74C907 
74C908 
74C909 
74C910 
74C914 
74C918 
74C925 
74C926 
74C927 

0.20 
0.20 
0.20 
0.55 
0.20 
0 20 
0.20 
0.80 
1.03 
0.50 
0.50 
0.48 
0.98 
0.98 
0.26 
2.68 
0.80 
0.80 
0.94 
0.48 
1.52 
2.26 
1.52 
0.80 
0.80 
0.80 
0.80 
0.80 
0.84 
0.72 
0.72 
0.72 
0.80 
0.80 
0.80 
4.52 
1.06 
0.38 
0.38 
0.38 
0.38 
5.64 
0.38 
0.38 
0.84 
1.52 
3.62 
0.86 
0.98 
4.32 
4.32 
4.32 

Processors 8080 

8080  series 

8080A FC / 2 
8212 
8214 
8216 
8224 
8251 
8255 

7.50 
2.30 
3.50 
1.95 
3.50 
6.25 
5.40 

6800/6809 
6800P  3.75 
68A00  4.25 
68600 
6802 
6809 
6810 
68A10 
68610 
6820 
6821 
68A21 
68621 
6840 
68A40 
68640 
6850 
681350 
6852 
68A 52 
68652 

4.75 
5.55 
15.00 
1.75 
1.85 
2.04 
1.95 
1.75 
2.10 
2.34 
4.25 
4.55 
4.75 
1.75 
2.17 
2.47 
2.75 
'2.95 

68488 

Z80 series 
Z80A 
Z80A D RT 
Z80APIO 
Z8OASIO/ 1 
Z8OAS10/2 
Z8OASIO/ 9 
Z8OCTC 
Z8OACTC 
78001 

PROM 
2708 
2716 
2532 
2732 

RAM 
2102 
2112 
2114 2 
4027 
4116 2 
4116 3 
4864P 
6116P-3 
6116P-4 
8264 

XTALS 

1MHz 
3.2768MHz 
4MHz 
4.194MHz 
4.43MHz 
5MHNz 
6.5536MHz 
7MHz 
8MHz 
9MHz 
10MHz 
11MHz 

5.25 

4.99 
7.50 
4.10 
14.00 
14.00 
14.00 
4.00 
4.50 
65.00 

2.00 
3.55 
8.50 
8.50 

1.70 
3.40 
1.49 
5.78 
1.59 
1.49 
12.50 
12.50 
11.25 
12.50 

3.00 
2.00 
1.70 
1.70 
1.25 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 
2.00 

Voltage Regulators 

78XX lA TO-220 
78XX 1A TO-3 
79XX lA TO-220 
79XX lA TO-3 
78G lA TO-220 
78G 1A TO-3 
78H 5A TO-3 5v 
78H 5A TO-3 12v 
78HG 5A TO-3 
79HG 5A TO-3 
LM317 .5A TO-202 
LM337 .5A TO-202 
78S40 1.5A 

0.58 
0.99 
0.60 
1.35 
1.10 
3.95 
4.25 
5.45 
7.45 
7.45 
1.30 
1.75 
1.20 

Prices shown exclude VAT 
Postage 50p per order (' 
ACCESS/Barclaycard may 
be used with written or 
telephone orders - official 
MA details on application. 

And a special prize for those 
of you who read our ads 
closely - a free crystal with 
every CPU IC you buy - 
just clip out the paragraph 
and attach it to your order. 

E&OE 

AMBIT international 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 North Service Rood, Brentwood, Essen 

te. ii, Ile 111: . e wIte lits el) ea," Ille• 9 
:: leLeeodenmdo::::ee, Hammersmith  • MgelL h  •  in • 

' mf 

lilt  E L Ec''riplleex,,,, e(ClQs  

-• °/-748 0926 • ee 
e • ••• :17; • ee 

e • 1.5s05.'„0-ov  • 
• 

ee • 
• • • 

••••• 
ill in our  • 
• CATALOGUE  • 

•• • o• HAMMEftst e• 
159-161 King Street 

For personal service visit one of our stores. 
Our new store at Hammersmith is conveniently situated near the end 

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

320 big pages packed with • 
data and pictures of•   di 
over 5,500 items 2 1. 

• •••• 
Over 100,000 copies sold already! 
Don't miss out on your copy. 
On sale now in all branches 
YIN Smith 41  price £1. 

  • In case of difficulty check the coupon below. 

make it easy... - 
• •ele tee•  with mapoin ttes • e‘°‘ e • ,,e secs. 
•  >02,.reYeec e  • 

• o W< '-2.,,eet  • ‘0̀• 
11 • Easy to build, • e o • 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. 

mreion ELECTRONIC SUPPLIES LTD. 

All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. 

• by • • 49utome • 
e• 4 fast  ---•• )•  bt, ca „ service re4, 

* 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 safe with a reputable company 

On price, service, stock, quality and security it makes 
sense now more than ever to make impurt your 
first choice for components every time! 

1131 Ili III MU OM in Ma  III On MI MU ME Mil OM  I 

É 

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

Name 

Address   

1 

I.  OM MI MI MI 1131  all  IM MII M1111111111{e 181e lilt I 

Tel: Southend (0702) 554155  Sales: (0702) 552911 • 
WW - 045 FOR FURTHER DETAILS' 

1 
I 

vvww.americanr diohistorv.coM 

WW - 026 FOR FURTHER DETAILS 



14 WIRELESS WORLD AUGUST 1981 WIRELESS WORLD AUGUST 1981 15 

New! Sinclair 1X81 
Personal Computer 
Kit: £49.25 complete 
Reach advanced 
computer comprehension 
in a few absorbing hours 

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

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

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

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

It uses the same micro-processor, 
but incorporates a new, more powerful 
8K BASIC ROM - the 'trained intelligence' 
of the computer. This chip works in 
decimals, handles logs and trig, allows 
you to plot graphs, and builds up 
animated displays. 

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

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

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

Proven micro-processor, new 8K BASIC 
ROM, RAM—and unique new master chip. 

Built: 
£69.95 
complete 

Kit or btu 
it's up to you! >>>„ 
The picture shows dramatically hoe 
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). 

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 
becorne familiar with computer 
operation. 

10 
11 
12 
13 
14 
1 
1 
eo 
22 
IS 
24 
2S 
22 
30 
32 

lew, improved specification 
IZ80A micro-processor-new faster 
ersion of the famous Z80 chip, widely 

recognised as the best ever made. 

• Unique 'one-touch' 
key word entry: 
the ZX81 
eliminates a great 
deal of tiresome 
typing. Key words 
(RUN, LIST, PRINT, 
etc.) have their own 
single-key entry. 

• Unique syntax-
,- check and report codes 
identify programming 
errors immediately. 

• Full range of mathematical 
and scientific functions accurate 
to eight decimal places. 

, • Graph-drawing and animated-
display facilities. 

• Multi-dimensional string and 
lumerical arrays. 

--le Up to 26 FOR/NEXT loops. 

11 Randomise function -useful for games 
às well as serious applications. 

leCassette LOAD and SAVE with 
àarned programs. 

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

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

Advanced 4-chip design: micro-
rocessor, ROM, RAM, plus master chip 
unique, custom-built chip replacing 
ZX80 chips. 

ZX81 
- BASIC 

X8I 
inclair Research Ltd, 
Kings Parade, Cambridge, Cambs., 
B21SN. Tel: 0276 66104. 
eg. no: 214 4630 00 

*Please delete/complete as applicable. 

Name: Mr/Mrs/Miss 

Address  1 L., 1 1 1 1 1 

rell"f 1 1 1'. 1, 11 1 1 1 
L REEPOST — no stamp needed. 

If you own a 
Sinclair 1X80... 
The new 8K BASIC ROM used in the 
Sinclair ZX81 is available to ZX80 
owners as a drop-in replacement chip. 
(Complete with new keyboard template 
and operating manual.) 

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

Coming soon-
the ZX 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 Summer 1981, 
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 FREEPOST-use the no-stamp-
needed coupon below. You can pay by 
cheque, postal order, Access or 
Barclaycard. 
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. 

no: Sinclair Research Ltd, FREÉPOST 7, Cambridge, C521YY. Order 1 

Oty Item Code Item price 
£ 

Total 
£ 

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

Please print. 

11 1 1 
Il l ( 
!I I I 

Rw 08 1 

TOTAL £ 

Il 1 1 1 1 1 1 

11 1 [ 1 1 1 1 
11 1 1 J 1 1,1 

iricanre diohisto 

WW — 025 FOR FURTHER DETAILS 
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A much improved computer housing 
situation... West Hyde Developments Limited have brought about a much improved computer 

housing situation with the introduction of this superb new series of computer terminal 
housings, beautifully styled to meet the requirements of data processing 
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 

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

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

W EST H YDE Keyboard Housings 
Keyboard housings are 

West Hyde Developments Limited, Unit 9,  available to suit both widths of terminal 
Park Street Industrial Estate, Aylesbury, Bucks. HP20 1ET  housing, together with a range of slim line 
Telephone: Aylesbury (0296) 20441/5. Telex: 83570 W HYDE G  keyboard cases moulded in ABS. 

ww - 052 FOR FURTHER DETAILS 

MANUFACTURED BY 

The new CES micropad 

The microphone for mobil 

radio, with DTAIFsignallin 

and optional A M, brings 

greater system flexibility to 

your telecom network. 

For further information contact the sole agents 

Interface 
Quartz 
Devices 
Limited 

29 Market Street 
Crewkerne 
Somerset TAiii 7tu 

Crewkerne (0460) 74433 
Telex 46283 inface g 

W W - 008 FOR FURTHER DETAILS 

Audio power meter 

Wide range: 
-)e 30Hz to 30k Hz  ee10.pW to 50W 

*1-2 to 1000 .11  mains/battery 

* decibel scale -18dBm to + 47dBm 

' ORO. 

knell 
FARNELL INSTRUMENTS LIMITED 
SANDBECK WAY •WETHERBY 
WEST YORKSHIRE LS22 4DH 
TELEPHONE (0937)61961 

W W - 010 FOR FURTHER DETAILS 

• ORDER BY POST OR TELEPHONE 

WITH BARCLAYCARD/ACCESS 

• ELECTRONIC TEST 
EQUIPMENT 
SPECIALISTS 

• ALL PRICES INCLUDE VAT 

SCOPES 
4 . - 

o 

e  ; 
t)  list ,Oi 

117-L 
is  an ti 

e 13 e 
••• 

_ 
II Re ra-
f, • 

ma  um am 
IMM1  MM ffl\  i nà 

III UZI MINIM 
MIMIMLIII 11.i n I V  

maw alia  w eak, if&  "A' Are 
ver ummur 

Magid Ill WIL Y MIMI la Mal re/ 
A range of Scopes in stock from 5mHZ Single Trace to 50mHZ Dualtrace 

Mains and Battery/Mains portables. Many on demonstration 

SINGLE TRACE (UK c/p etc E2.50) 
3030 15mHZ 5LV 6.6x6.6cm. display plus component test 

£166.75 
3035 10mHZ 5LV 5" display plus component test  £189.75 
Hm 307-3 10mHZ. 5mV, 6x7 cm display plus component test 

£158.95 
C01303D 5m HZ, 10mHZ, 7x7cm display  £115.00 
SC110 10mHZ Battery portable, 10mV 3.2x2.6cm display 

£158.95 
(Optional case £8.86. Nicads £8.63 Mains unit E5.69) 
0S1559A 10mHZ 10mV. 5" display  £232.00 

SAFGAN DUAL TRACE C/P UK E2.50 
10mHZ E194.95, 12mHZ E201.25, 15mHZ £216.20 
OPTIONAL PROBES (ALL MODELS) 
X1 £8.50, X10 £10.50, X100 £14.95, X1-X10 £12.95 
HAMEG • TRIO • SINCLAIR • LEADER • CROTECH 

• ALL MODELS ON DISPLAY 

• RETAIL - MAIL ORDER - 

EXPORT - INDUSTRIAL 

• OPEN SIX DAYS A WEEK 

• CALL IN AND SEE 
FOR YOURSELF 

DUAL TRACE (UK c/p etc £3.50) 
CS1566A 10mHZ, 10mV 5" display 
CS1575 5mHZ lmV 5" multi display 
Hm 312-8 20mHZ. 5mV 8 x 10cm display 
CS1560A II 15mHZ 10MV 5" display 
CS1566A 20mHZ, 5mV, 5 display  £339.00 
*LB0308S 20mHZ, 2mV, 5x6.3cm display. Battery/mains. Portable built-
in Nicads with probes  £538.20 
3034 15mHZ 5mV 6.6x6.6cm display battery/mains with Nicads and 
charger  £385.25 
HM412-5 20mHZ, 5mV, 8x10cm display plus Sweep Delay  £402.50 
CS1577A 35mHZ, 2mV, 5" display  £478.00 
CS1830 30mHZ, 2mV, 5" display plus sweep delay and delay line - new 
model  £569.00 
Hm 512-8 50mHZ, 5mV, 10x8cm display. Delay Sweep  £667.00 
*LB0514 10mHZ, 1mV, (5mV) 5" display, with probes  £322.00 

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

'A A 

ISIGF402 100 KHZ-30mHZ with AM 
modulation  £68.00 
LSG16 100KHZ (300mHZ on 
Harmonics)  £63.25 
LSG231 100m HZ 1mHZ (adjustable) 
FM stereo generator, pilot and mod 

-PULSE  £195.00 
2001 1HZ-100KHZ (function)  £89.70 
TG105 5HZ-5mHZ  £92.50 
4001 0.51-1Z-5mHZ  £109.25 
200P 0.00 2HZ 5.5mHZ  £253.00 
200SPC as 200P plus built-in freq. 
display/100mHZ counter  £437 
TG100 (function 100KHZ)  £90.85 
TG102 0.2HZ-2mHZ (function)  £166.75 

AUDIO (Al) sine/square) 
AG202A 20HZ-200KHZ  £69.00 
LAG26 20HZ-200KHZ  £73.60 
AG203 10HZ-1mHZ sine/sq  £126.50 
LAG120A 10HZ-1mHZ  £146.00 

(UK c/p £1.201 
M1200 100K/Volt 30 range plus AC/DC 15, 
amp  £67.00 
K1400 20K/Volt 23 range large scale  £79.95 
M1500 20K/Volt 42 range plus AC/DC 10 amp 

£53.50 
K200 38 range FET 10m OHM input 20Hz to 
1MHz multimeter  £95.00 

1SWR/FS AND UK C/P 85p 

LOGIC PROBES/MONITORS 
Logic probes indicating high/low, etc., states 
that scopes can miss. All circuit powered for 
all ICs. 
LP3 50mHz logic probe 
LP1 10mHz logic probe 
LP2 11/2 mHz logic probe 
LM1 Logic monitor 

£55.95 
£35.50 
• £19.95 
£33.00 

LDP076 50 MHz logic probe with case £51.00 
Also in stock range of Protoboard kits and 
breadboards. 

'PRO' MULTIMETERS  POWER METERS 

£267.00 
£284.00 
£253.00 
£315.00 

Range in stock covering up to 
150mHZ and up to  K/watt 
power PL259 sockets. Also 25 
mHZ Grid Dipmeter. 
SWR5 SWR/FS 3-150mHZ £9.50 
SWR50 SWR/Power meter. 31/2 -
150mHZ 0-1000 watts  £13.95 
110 SWR/Power 11/2 -144mHZ 
0/10/100 watts  £11.50 
171 As 110 Twin meter plus 
'E/S  £14.59. 
Plus large range of BNC/PL259/ 
etc leads plus adaptors/ 
connectors always in stock. 
176  SWR/Power/FS  11/2-
144mHZ 5-50 watt. Plus 25-
40mHZ match  £16.60 
KDM6 Gnd Dip 11/2-250mHZ 

£38.50 

DIGITAL MULTIMETE U 

()tin ---- ;A: IMO t-t7litia Min et 

A taupe el LED and I.00 Bench end Hand DIAIAs battery  with 
optional Al•ins Adeptem, some voth optional limed. All supplied with 
batteries and leads 

HAND HELD (UK post etc 85p) 
GL35C 31/2 Digit LCD in AC/DC with 
case  £37.50 
TM352 31/2 Digit LCD plus 10A DC and 
Hfe checker  £54.95 
LM2001 31/2 Digit LCD 2 amp AC/DC 
0.1%  £51.70 
6200 31/2 Digit LCD 0.2A AC/DC. Auto 
range  £45.95 
6220 As 6200 plus 10A AC/DC  £55.95 
6100 As 6200 plus Cont. test/range 
hold  £69.95 
6110 As 6100 plus 10A AC/DC  £85.95 
TM354 31/2 Digit LCD 2A DC  £45.95 
130 31/2  digit LCD 10A. AC/DC £102.35 

BENCH PORTABLESuK c/r3 
DM235 31/2 Digit LED 2-1 ranges, 0.5% 
AC/DC 2A  £60.38 
DM350 31/2 Digit LED 34 ranges AC/DC 
10A  £83.38 
TM353 31/2  Digit LCD AC/DC 2 amp 

£96.60 
TM351 31/2 Digit LCD AC/DC 10 amp 

£113.85 
LM100 31/2  Digit LCD AC/DC 2 amp 

£86.50 
DM450 41/2  Digit LED 34 ranges AC/DC 
10 amp  £113.85 
(DM series options. Carry case £8.86 
Ni-cads £8.63 Mains adaptor £5.69) 
1503 43/4  Digit LCD 28 range AC/DC 10 
amp includes mains adaptor  £159.95 

FREQUENCY 
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 200mHZ 8 Digit LED £57.27 
MAX50 100HZ to 50mHZ 6 Digit LED £56.35 
MAX550 30KHZ to 550mHZ 6 Digit LED 

£97.00 

BENCH PORTABLES (UK c/p £1) 
MAX100 8 Digit LED 5HZ to 100mHZ £89.00 
TF200 8 Digit LCD 10HZ to 200mHZ £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* SINCLAIR • OPTOELECTRONICS • NEVVTRONICS 

CLAMP METERS/ 
INSULATION TESTERS 
lAB multirange except K23031 

K2303. 30 AMPS. 500 VAC £21.95 
3101. 300 AMPS. 600 VAC. 1K 
OHM  £32.95 
K2803. 300 AMPS. 600 VAC. 2K 
OHM  £53.95 
K2903. 900 AMPS. 750 VAC. 2K 
OHM  £77.95 
K3103. Transistorised insulation/ 
continuity tester. 100 MEG. 600 
VAC. 0/21/2K  £95.00 
M500 Insulation tester. 100 MEG. 
500 VOLT. 0/200 OHMS continuity 

£67.50 
Also digital and DC types in stock 

MULTI METERS (UK c/p 75P) 
--0 

KRT101 1K/Volt 10 range pocket  £4.60 
ATM1/LT1 1K/Volt 12 range pocket  £5.98 
NH55 2K/Volt 10 range pocket  £6.50 
ATI 2K/Volt 12 range pocket de luxe  £7.75 
TMK500 30K/V 23 range +12A DC + conts  £22.75 
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 luxe plus 10A DC 

£24.95 
7080 20K/Volt 26 range large scale, 10A DC plus 
5KV AC/DC  £26.95 
AT2050 50K/Volt 18 range de luxe plus hfe test 

£28.50 
AT2ià 100K/Volt 23 range de luxe 12A AC/DC 

£29.95 
360TR 100K/Volt 23 range plus hfe checker and 
AC/DC 10 amps  £34.95 
KRT 500 1 50K/V range doubler 10ADC  £16.50 
ETC 500 0 As above with coloured scales  £17.95 
CHOOSE FROM UK'S LARGEST SELECTION 

TV GENERATORS (UK c/p E1.501 
LCG-393V PAL 8VHF 6 patts  £143.75 
LCG-392U PAL B UHF 15 watts  £228.85 
LHM 80A 40KV HT meter (c/p 90p)  £18.40 

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

• All prices correct at 1-7-81 E & OE •All prices include VAT 

AUDIO ELECTRONICS Cubegate  OPEN SIX DAYS 
Limited  A WEEK 

301 EDGVVARE ROAD, LONDON, VV2 1BN, ENGLAND. TELEPHONE 01-724 3564 
ALSO AT HENRYS RADIO, 404/406 EDG WARE ROAD, LONDON W2 1 ED 

FREE  , 
CA7-4 tei&UEer 
Send large SAE 
(20p UK) 

Schools, Companies 
etc. free on request  • 

Imericanr diohistorv.dom 

W W - 029 FOR FURTHER DETAILS 
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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. 

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

Made in 
the U.K. 

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, multi-EPROM simulator adaptors, 
buffer pods, EPROM Erasers, video monitors, 
2764/2564 programming satellite, printer and 
production programmers. The EP4000 is ex-
stock. Price — £545 + VAT (+£12 for 
DATAPO ST 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 5XL 

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

WW — 031 FOR FURTHER DETAILS 

Second User Test Equipment, 
Prices 
from £ 

ACOUSTIC Et VIBRATION 
BRUEL Er KJAER 
2203 Sound Level Meter 
2215 Soundmeter inc Octave Filter 
2218 Soundmeter inc LEO facility 
2305 Level Recorder 
4230 Sound Level Calibrator 
4424 Noise Dosemeter 

CASTLE ASSOCIATES 
CS181A Sound Level Meter Er Calibrator  325 

CEL 
112 Environmental LEO Meter Batt op  450 
144 Improved version of 112 model  1050 

BRIDGES Et V and I STANDARDS 
FLUKE 
341 DC Voltage Calib 10pV to 1100V  1575 

GENERAL RESISTANCE 
DAS56 DC V and I Calib 1,1V-10V 30mA  600 

HEWLETT PACKARD 
4342 QLC Meter 22 KHz-70 MHz  1100 

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

WAYNE KERR 
B224 LCR Bridge 0.1% 
13500 LCR Bridge 
B601 LCR Bridge RF Osc Er Ont not inc 

COMMS Ft CABLE TEST 
EQUIPMENT 
CHASE 
35A Field Strength Meter 20-850 MHz  600 

DYMAR 
8801S VHF Radio Telephone — Portable 
883 VHF Radio Telephone — Portable 
BC282 Batt Charger for 880/883 

F(EWLETT PACKARD 
3556A psophometer 20 Hz-20 KHz 

MARCONI 
TF2333 Trans Test Set 30 Hz-550 KHz 

PYE 
BC11A 10 way Batt chgr for PF2UB 
PF2UB UHF Radio Telephone — Portable 

STC 
74216A Noise Generator CCIT  275 

74261A Psophometer CCIT  375 

TEKTRONIX 
1502 TDR Cable Tester CRT + Recorder  2950 

WAND EL Er GOLTER MANN 
LDS2 200 Hz-600 KHz sender for gp Delay  2000 
LDEF2 Filters for DLM1  250 

COUNTERS Et TIMERS 
FLUKE 
1910 125 MHz 7 Digit Counter  245 

1911 250 MHz 7 Digit Counter  298 
1912 520 MHz 7 Digit Counter  375 
1912A01 As 1912A but inc. re-charging 
batteries  430 
1920A 520 MHz 9 Digit Counter inc. Brat. 
mode  575 
.1920A14 1250 MHz otherwise as 1920A  750 

HEWLETT PACKARD 
5300A 6 Digit Display Unit — P/in regd.  I 99 
5302A 50 MHz Counter Timer for 5300  I 80 
5305B 1300 MHz Counter for 5300  325 
5308A 75 MHz Counter Timer for 5300B  112 
5345 500 MHz 11 digit Counter Timer  1350 
10590A Adapter 5245 to 5345 Plug ins  225 

RACAL 
9024 600 MHz TA digit Counter  250 
9025 1 GHz 8 digit Counter  500 

SYSTRON DONNER . 
6053 3 GHz 9 digit Counter BCD 0/P  790 

6054 18 GHz 11 digit Counter BCD 0/P  1950 
5103B Strip Printer for 6053/6054  375 

DIGITAL TESTING EQUIPMENT 
HEWLETT PACKARD 
1600A Logic Analyser 16ch 20 MHz  2300 

1607 Logic 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 

450 
1095 
1525 
650 
95 
375 

500 
240 
125 

295 
285 
95 

250 

OSCILLOSCOPES Et 
600  ACCESSORIES 

BRADLEY 
150  158 900 MHz Sampling Adaptor converts 
125  most scopes into UHF samplers 

Calibrated to Manufacturer's original specification 

DATALAB 
DL019 Mains Interface for DL905 

GAY 
LDM AC/DC/Spike/Time inc Printer 

MISCELLANEOUS 
AVO 
R M215 AC/ DC Breakdown/ Leakage Tester  475 

COMARK 
1601BLS Thermom I Och 87 + 1000°C type K 
N. S. Thermocouples not included 

DATALAB 
D L905 Digital Transient Recorder  1150 

HEWLETT PACKARD 
X382A Rotary Vane Attenuator WG16  175 

TEKTRONIX 
575 Semiconductor Curve Tracer  425 
1485C TV Waveform Monitor PAL/ NTSC  2300 

NET WORK ANALYSERS/ 
PHASEMETERS 
DRANETZ 
30513/3001 Phasemeter 2Hz-700KHz 

Prices 
from £ 

300  D83/ V4/ SZA 5C1 M Hz I mV 2 Trace 2T 
Big CRT 

1250  D1010 10 MHz 5mV 2 Trace TV trig 
D1015 15 MHz 5mV 2 Trace TV trig 
D1016 15 MHz 1mV 2 Trace TV trig 
SIA Single T/base Plug-in 50 MHz trig 
S2A Dual T/base Plug-in 50 MHz trig 
V1 15 MHz I mV Single trace Plug-in 

75  V4 50 MHz 1mV Dual trace Plug-in 

Prices 
from £ 

900 
235 
295 
340 
135 
230 
76 
180 

TEXSCAN 
DU120 Large art 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 
466 100 MHz 5mV 2 Tr 2TB 1350cm/gs 
603 Bistable Storage Monitor XYZ amps 
7834 400 MHz 4 Slot M/ Frame 2500 cm/qs 
T912 10 MHz 2mV 2 Tr 1713 250cm/ ms 

990  7313 25 MHz 3 Slot M / Frame split 5cm/qs 

2950 
750 
5250 

650 
2100 

THIS MONTH'S SPECIAL OFFERS 
S.F. LABORATORIES 

6150/51 U.V. Recorder 
12 channel magnet block. 

• Supplied YAM 6 channels at 
condMonIng + 6 M3300 

eyes. 
£1000 

DRANETZ 808 
MAINS DISTURBANCE 

MONITOR 
Monitors 3 phase or 3 single 

phone supplies 
Prints out average, sag, 
surge, Impulse + tee. 

£2950 

HEWLETT-PACKARD 1800S 
LOGIC-ANALYSER 
32 channeclack to 20MHz. 
4 add n'l qualifier channels 
Table dlsploy16432 Olt 

words + MAP and exclusive 
display 

£3500 

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

GENERAL RADIO 
1710/11/12/14 0.4-500 MHz 115dB range 

HE WLETT PACKARD 
8405A Vector Voltmeter 1-1000 MHz 
8414A Polar Display for 8410 N.W.A. 

GOULD ADVANCE 
051000A 20 MHz 5rnV 2 Trace TV trig 
0S3300B 50 MHz 1mV 2 Trace 27 base 

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

PHILIPS 
PM321I 15 MHz 2mV 2 Trace TV trig 
PM3212 25 MHz 2mV 2 Trace TV trig 
P M3214 25 MHz 2mV 2 Trace 21 base 
PM3233 10 MHz 2mV 2 Beam Ch sig delay 
P M3244 50 MHz 5mV 4 Trace 2T base 
P M3262 100 MHz 5mV 2 Trace 2T base 
Tr View 

TEKTRONIX 
326 10 MHz ImV 2 Trace weight 1316 c/w 
re-chg butts. For harsh environment 
453 50 MHz 5mV 2 Trace 21 Base 
465 100 MHz 5mV2 Trace 27 Base 
465B 100 MHz 5mV 2 Trace 2TB inc Probes 
475 200 MHz 2mV 2 Trace 27 base 
485 350 MHz 5mV 2 Trace 2T base 
661/453/571A 1 GHz Sampling scope 
7603 100 MHz CRT r/out 3 slot M/ Frame 
7704 200 MHz CRT r/out 4 slot M/ Frame 
7Al2 105 MHz 5mV 2 Trace Plug-in 
7AI 8N 75 MHz 5mV 2 Trace Plug-in 
7A19 500MHz 10mV 1 Trace Plug-in 
7A22 1 MHz 10qV Differential Plug-in 
7A24 350 mV 2 Trace Plug-in 
7A26 200 MHz 5mV 2 Trace Plug-in 
7B53A 2 Timebase Plug-in 100 MHz Trig 
7880 1 Timebase Plug-in 400 MHz Trig 
7885 2 Timebase Plug-in ea MHz Trig 
7904 500 MHz CRT r/out 4 slot M/ Frame 
P6013A X1000 12KV Probe 
P6201 FET Probe DC-900 MHz 

TELEQUIPMENT 
D34 15 MHz 2mV 2 Trace Mains + int batts 
063/V1/V1 15 MHz 2 Trace 1mV 
065 15 MHz lmV 2 Trace TV trig sig delay 
D75/V4/52A 50MHz 1mV 2 Trace 2T base 

PO WER MEASUREMENT 
2200  FLUKE 

8921A 10 Hz-20 MHz 4} Digit Et Analogue 
2000  TRMS dBm/V meter 502-12002 6. 10M2  885 

70 0  HE WLETT PACKARD 
848IA Type N Coax sensor for 435A 
478A Type N Coax sensor for 4,32A 

275 

200 
675 

1300 
625 
500 
625 

390 
550 
640 
425 
1675 

1300 

540 
500 
950 
1600 
1750 
2300 
775 
1350 
1450 
390 
420 
950 
630 
1050 
690 
550 
600 
700 
3900 
95 
300 

540 
600 
295 
825 

MARCONI 
TF2512 DC -500 MHz Pow ermeter 
TF893A 10 Hz-20 KHz Powermeter 

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

FARNELL 
L3013 0-30V variable IA Metered  65 

FLUKE 
415B ()al KV variable 30mA Metered  550 

ITT 
Powerlab Dual 15V variable IA  80 

MARCONI 
TF2154/1 0-30V variable Metered  75 

VALRADIO 
B12/200S Inverter 12V DC to 
230V AC 200W  110 

PULSE GENERATORS 
ADVANCE 
PG57 10 Hz-50 MHz 10V 502 Var! RT 6ns  190 

EH RESEARCH 
132 10 Hz-3.5 MHz 50V 500 RT 1Ons 2 pulse  120 

MARCONI 
TF2025 0.2 Hz-25 MHz 10V 502 RT 7ns 2 
pulse  350 

RECORDERS Et ACCESSORIES 
BRUNO WOELKE 
ME102B Wow and Flutter meter  75 

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

HE WLETT PACKARD 
7015A XY 1 pen A4 size 
7046A XV 2 pen A3 size 

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

PHILIPS 
PM8251 Chart 10" 1 pen 12 speed 

SE LABS 
994 6 ch guiso preamp + DC bridge supply 
6008 UV chart 8" 25 ch 16 speed 

SMITHS 
RE541 Chart 8" 1 pen 8 speed 
RE501/4701 Cht 4" + XY 1ch 10spd 
AC Batt 

Carstorek/Cantorre„-K, 
Prices 

SOLARTRON  from £ 

3240 Modular Data Logger system  P.O.A. 
Note: tIV recorders are priced less galyos 

SIGNAL ANALYSIS 
EQUIPMENT 
MARCONI 
TF2300A Mod Meter 1 MHz-1 GHz AM/FM  450 
TF2330 Wave Analyser 20 Hz-50 KHz  ,.425 
TF2331 Distortion Meter BW100 KHz + Des. 340 
Note: see also "Spectrum Analysers" 

SIGNAL/FUNCTION/ + SWEEP 
GENERATORS 
ADVANCE 
SG63D Generator 4-230 MHz AM/FM  200 

GENERAL RADIO 
1362 Generator 220-920 MHz  375 

GOULD ADVANCE 
SG70 Generator 5 Hz-125 KHz 6002/4W  85 

HEWLETT PACKARD 
8640B Generator 500 KHz-512 MHz 
AM/FM Phase Lock  . 
8690B Sweeper mainframe 
86208 Sweeper mainframe 
618B Generator 3.8-7.5 GHz 
612 Generatdr 450-1230 MHz 
614 Generator 0.8-2.1 GHz 

MARCONI 
TF144H/45 Generator 10 KHz-72 MHz AM  550 
TF801D Generator 10 MHz-470 MHz AM  180 
TF2171 Synchroniser for TF2015  525 
TF2012 Generator 400-520 MHz FM  550 

PHILIPS 
P M5127 Function 0.1 Hz-1 MHz Sin 
Sq Tri Amp 
PM5129 Func 1mHz.1 MHz Usual 
• + swp/brst 

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

TEXSCAN 
9900 Sweeper 10-300 MHz 6/in CRTdisp  526 
VS60 Sweeper 5-1000 MHz  890 
TV Markers 31.5 32.5 35 39.5 41.5 MHz  175 
LN40A Log Amplifier  95 

SPECTRUM ANALYSERS 
HEWLETT PACKARD 
141T/8552B/8555A Complete .01-18 GHz 8500 
3580A 5 Hz-50 KHz with digi store disp  2950 

8445A Pre-selector 0.01-18 GHz 1450 
8558B 0.1-1500 MHz Plug-in for 180 series  3750 

3800 
650 
990 
975 
750 
825 

450 

645 

zoo  VOLT/MULTI-METER 
90  (ANALOGUE) 

AVO 
145 
135 

700 
995 

1900 

375 

450 
950 

250 

200 

8Mk4AC/DC/—VI+0  70 

BOONTON 
92C AC/ RF 10 KHz-I .2 GHZ  mV-3V  350 

HEWLETT PACKARD . 
427A AC/DC/12 AC-1 MHz  195 
3400A TRMS 10 Hz-10 MHz ImV-300V 
DC 0/P  390 

MARCONI 
TF2603 50 KHz-1.5 GHz 300µV-3V  300 
TF2604 20 Hz-1.5 GHz 300mV-300V  425 

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

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

VOLT/MULTI-METER (DIGITAL) 
ADVANCE 
DMM7A 1999FSD AC/DC/V/1/2 

BOONTON 
92AD 1999FSD 10 KHz-1,2 GHz 10pV res 525 

FLUKE 
8010A 2000 FSD TRMS AC/ DC/VI2  140 
8010A01 As8010A + re-charging batteries  159 
8020A 2000 FSD Handheld 
AC/ DC/ VIP + cond.  99 
8022A 2000 FSD Handheld AC/ DC/ VIO 75 

HEWLETT PACKARD 
3490A 100000FSD AC/DC/V/2  625 

SOLARTRON 
A200 19999ESD DC only 41V-1 KV 85 
A203 19999FSD AC/DC/V/2  175 
A205 19999FSD TRMS AC/DC/V/2  195 

115 

Corston 
Electronics Ltd 
01-267 5311 
Shirley House, 27 Camden Road, 
London NW1 9NR. Telex: 23920. 

Full details and specification of equipment listed, available. Because of long copy dates this list is not comprehensive — ring for inventory 
update or tell us your SPECIFIC NEEDS. Hours Monday to Friday 9.00 am-5.30 pm (4.30 pm Fridays). Prices exclude delivery and VAT. 
We take Access or Barclaycard.  ww - 024 FOR FURTHER DETAILS 
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HILO MAST LI MITED 
THE STREET HEYBRIDGE — MALDON 

ESSEX CM9 7NB ENGLAND 
Tel MALDON (0621) 56480 

TELEX NO. 995855 

SINE WAVE INVERTERS 

— FROM CARACAL 200-1000VA 

We are one of the leading UK suppliers of high quality, high efficiency static 
inverters. Our inverters are widely used throughout the UK and many other 
countries wherever a continuous 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 reliability record make Caracal the 
natural 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., 
42-94 SHORTMEAD STREET, 
RIGGLESWADE, BEDS. 
TEL: 0767-81361 

CAAACAL, 
The natural choice for inverters 

"Enquiries invited for export 
distribution" 

FLOPPY DISK DRIVES 
NOW EVEN LOWER PRICES 
UNBELIEVABLE BUT TRUE! 

READ ON! 

SIEMENS FDD  100-8/FDD - 200-8 
Fully Shugart Compatible Siemens 8" single and double sided disk drives are 
available now with unbeatable prices at single unit pricing. 

Note these specifications: 

* TRACK 00 SENSING  * WRITE PRORECT CIRCUITRY 
* ACTIVITY INDICATION  * AUTO DISK EJECTION 
* MECHANICAL END STOPS AT  * FAIL SAFE  INTERLOCK  WHICH 
TRACKS 00 AND 76  PREVENTS THE COVER FROM 

* AUTO  WRITE  CURRENT  CLOSING ON A PARTLY INSERTED 
SWITCHING AT TRACK 43  DISKETTE 

FDD 100-8 
Single Sided 

FDD 200-8 
Double Sided 

Single 
250 K 

Single 
500 K 

or  Double Density 
500 K 

or  Double Density 
1 MByte 

OTHER PRODUCTS  C.W.O. 

CP/M 2.2  71.50 
BASIC 80  156.75 
BASIC COMPILER  175.75 
WORD STAR  218.50 
MAIL MERGE  66.50 
SUPERSORT  94.05 

FROM 

£249.95 
FROM 

£349.95 

30 DAYS 

75.00 
165.00 
185.00 
230.00 
70.00 
99.00 

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

Send SAE, for further details 

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

TEL: (0294) 75000 -,,.   
TELEX: 777582 

e r CLAYCAR 1 

M293 VHF/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. 

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 available 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 
available. Extensive 
field trials included a 
most rigorous Land 
Rover journey across 
Europe and North 
Africa. During this 

three month expedition 
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 it's 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. Pye Telecom 

A MOBILE RADIO COMPANY OF PHILIPS 

Pye Telecommunications Ltd St. Andrews Road, Cambridge, 
England, CB4 1DW Telephone: (0223) 61222 Telex: 81166 (PYETEL G) 

W W-018 FOR FURTHER DETAIL, 

w w w.a mericanr diohisto 
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CX80 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. 

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

Dot Addressable + 15 user programmable characters, 96 ASCII and 64 graphics 
characters in rom. Centronics interface with RS232 and IEEE488 options. 

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

NRDC-A MBISONIC 
UHJ 

SURROUND SOUND 
DECODER 

The first over kit specially produced by Integrex for this British isIRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team. W.W. July, Aug., "77. 
The unit is designed to decode not only UHJ but virtually all other "quadrophonic systems (Not CD4), including the new BBC HJ. 10 input selections. 
The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 input signals and 4 or 6 output sii,trials are provided in this most versatile unit 
Complete with mains power supply, wooden cabinet, panel, knobs, etc. 

Complete kit, including licence fee £57.70 4- VAT or ready built and tested £76.95 + VAT 

INTRUDER 1 Mk. 2 RADAR ALAR M 
With Home Office Type approval 

The original "Wireless World" published Intruder 1 has been re-designed by lntegrex to incorporate several new features, along with improved 
performance. The kit is even easier to build:The internal audible alarm turns off after approximately 40 seconds and the unit re-arms. 240V ac mains 
or 12V battery operated. Disguised as a hard-backed book. Detection range up to 45 feet. Internal mains rated voltage free contacts for external bells 
etc. 

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

Wireless World Dolby noise reducer 
Trademark of Dolby Laboratories Inc.  .Typical performance 

Noise reduction better than 9dB weighted. 
Clipping level 16.5dB above Dolby level (measured at 1% third 
harmonic content) 

Harmonic distortion 0.1% at Dolby level typically 0.05% over 
most of band, rising to a maximum of 0.12% 

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

Dynamic range >90dB 

30mV sensitivity Complete Kit PRICE: £49.95 + VAT  (3 head model available) 
Also available ready built and tested 

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

All kits are carriage free 

 Price £67,50 +.VAT 

Price £2.75 + VAT 

IFITEGREll LIMITED 

R.) ,t with Inyx., 

Please send SAE for complete lists and spectficaiions 

Portwood Industrial Estate, Church Gresley, 
,Burton-on-Trent, Staffs DEI 1 9PT 
Burton-on-Trent (0283) 215432  Telex 377106 

Hitachi Portable 
Oscilloscopes 

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-Trace types - all with a 2 
year guarantee! 
Illustrated is V550-B, a 50MHz 
'scope with Variable Delayed 
Sweep, Trace Expansion to 
x1000, Jitter<1 in 20,000, TV 
Trigger Circuitry, 3rd Trace 
Trigger View, etc., 

ICD DMM's 

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 
600D is a truly pocket-sized DMM 
with large 31/2 digit LCD display and 
0.2 % basic accuracy. 

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 inmediate delivery from stock 
- backed by our impeccable standards of service and 
all with competitive price structures. 

Conquering your supply problems 

DANESBURY MARKETING LIMITED 
'Importers and Distributors Of Quality Electron,c 

Equipment and Accessories • 
22 Parkway, Welwyn Garden aty. Hens AL8 6HG 
Phone 07073/29112 Telex 825633 OTSS-B 

MICROCOMPUTER COMPONENTS 
LOWEST PRICES - FASTEST DELIVERY 

DEVICE PRICE IDEVICE  PRICE 

CPUs 
6502 
6800 
6802 
6803 
6809 
8085A 
Z80 CPU 
Z80A CPU 

5.50 
3.82 
5.74 
14.53 
12.00 
8.02 
4.00 
5.92 

SUPPORT CHIPS 
6520  3.15 
6522  5.60 
6532  7.75 
6821  1.93 
6840  5.87 
68488P  9.38 
6850  1.95 
6862  7.09 
6871A1T  20.90 
6875P  4.16 
6880  1.07 
6887  0.80 
8212  1.95 
8216  1.95 
8224  2.50 
8228  4.20 
8251  4.75 
8253  9.90 
8255  4.20 
Z80 CTC  4.00 
Z80A CTC  4.90 
Z80 DMA  11.52 
Z80A DMA  17.25 
Z80 DART  7.20 
Z80A DART  7.67 
Z80 P10  4.00 
ZBOA P10  4.40 
Z80 S10-0 j 
280 S10-1  17.90 
Z80 S10-2 
Z80A S10-0 
280A S10-1  22.90 
Z80A S10-2 

MEMORIES 
2101  3.68 
2102  2.54 
2114 200s low power 

1.35 
2708  1.73 
2716 (5v)  2.67 
2732 2532 (specify)  7.59 
4116 15Ons  1.25 
4116 200ns  1.20 
6810P  1.43 

REGULATORS 
7805  0.55 
7812  0.55 
7905  0.65 
7912  0.65 

CRT CONTROLLERS 
9364AP  8.64 
6845  11.72 

BUFFERS 
81LS95  1.20 
81LS96  1.25 
81LS97  1.20 
81L598  1.25 
8T26A  1.50 
8T2BA  1.50 • 
8T95N  1.50 
8T97N  1.50 
8T98  1.50 

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

DATA CONVERTERS 
ZN425E 
ZN426E 
ZN427E 
ZN428E 
ZN429E 
ZN432 
ZN433 
Data converter 
Handbook 

74LS SERIES 
74LSOO 
74LSO1 
74LSO2 
74LSO3 
74LSO4 
74LSO5 
74LS08 
74LSO9 
74LS10 
74LS11 
74LS12 
74LS13 

3.50 
3.00 
6.28 
4.78 
2.10 
28.09 
22.59 

1.00 

0.11 
0.15 
0.14 
0.14 
0.13 
0.15 
0.14 
0.15 
0.13 
0.15 
0.15 
0.29 

74LS14  0.51  CMOS 
74LS15  0.15  4000 
74LS20  0.13  4001 
74LS21  0.15  4002 
74LS22  0.15  4006 
74LS26  0.19  4007 
74(.527  0.15  4008 
74LS28  0.17  4009 
74LS30  0.14  4010 
74LS32  0.14  4011 
74LS33  0.17  4012 
74LS37  0.17  4013 
74LS38  0.17  4014 
74LS40  0.14  4015 
74LS42  0.40  4016 
74LS47  0.42  4017 
74LS48  0.70  4018 
74LS49  0.62  4019 
74LS51  0.14  4020 
74L554  0.15  4021 
74LS55  0.15  4022 
74LS73  0.22  4023 
74LS74  0.18  4024 
74LS75  0.30  4025 
74LS76  0.22  4026 
74L578  0.25  4027 
74LS83  0.54  4028 
74LS85  0.77  4031 
74LS86  0.18  4033 
74LS90  0.36  4034 
74LS91  0.81  4035 
74LS92  0.40  4036 
74LS93  0.39  4039 
74LS95  0.48  4040 
74LS109  0.26  4041 
74LS112  0.26  4042 
74LS113  0.26  4043 
74LS114  0.26  4044 
74LS122  0.45  4045 
74LS123  0.45  4046 
74LS124  1.07  4047 
74LS125  0.29  4048 
74LS126  0.29  4049 
74LS132  0.51  4050 
74LS136  0.29  4051 
74LS138  0.40  4052 
74LS139  0.40  4053 
74LS145  0.78  4054 
74LS148  113  4055 
74LS151  0.35  4060 
74LS153  0.35  4063 
74LS155  0.50  4066 
74LS156  0.50  4067 
74LS157  0.36  4068 
74LS158  0.40  4069 
74LS160  0.43  4070 
74LS161  0.43  4071 
74LS162  0.43  4072 
74LS163  0.43  4073 
74LS164  0.51  4075 
74LS166  0.37  4076 
74LS173  0.77  4077 
74LS174  0.78  4078 
741_5175  0.60  4081 
74LS181  1.50  4082 
74LS190  0.61  4085 
74LS191  0.61  4086 
74LS192  0.69  4093 
74LS193  0.69  4502 
74LS194  0.42  4507 
74LS195  0.42  4508 
74LS196  0.68  4510 
74LS197  0.68 ,  4511 
74LS221  0.64  4512 
74LS240  1.01  4514 
74LS241  1.15  4515 
74LS242  0.85  4516 
74LS243  0.85  4518 
74LS244  0.84  • 4519 
74LS245  1.21  4520 
74LS247  0.41  4521 
74LS248  0.74  4522 
74LS249  0.74  • 4526 
74LS251  0,46  4527 
74LS253  0.46  4528 
74LS257  0.57  4532 
74LS258  0.40  4541 
74LS259  1.15  4543 
74LS261  3.12  4553 
74LS266  0.25  4555 
74LS273  0.97  4556 
74LS279  0.37  4585 
74LS283  0.45 
74LS290  0.60  CRYSTALS 
74LS293  0.53  4MHz  1.80 
74LS365  0.39 
74LS366  0.38  DIL SOCKETS 
74LS367  0.38  PINS 
74LS368  0.38  8  0.07 
74LS373  0.79  14  0.08 
74LS374  0.79  16  0.09 
74LS375  0.50  18  0.14 
74LS377  0.97  20  0.16 
74LS378  0.73  22  0.18 
74LS379  0.56  24  0.20 
74LS386  0.28  28  0.24 
74LS390  0.68  40  0.32 
74LS393  0.61 

0.12 
0.12 
0.12 
0.69 
0.14 
0.61 
0.31 
0.37 
0.13 
0.19 
0.34 
0.62 
0.64 
0.28 
0.54 
0.59 
0.36 
0.66 
0.70 
0.68 
0.19 
0.39 
0.15 
1.12 
0.36 
0.64 
1.55 
1.30 
1.60 
0.85 
2.25 
2.45 
0.67 
0.70 
0.56 
0.62 
0.62 
1.30 
0.75 
0.78 
0.44 
0.28 
0.27 
0.62 
0.62 
0.62 
1.02 
1.00 
0.88 
0.94 
0.38 
0.22 
0.21 
0.15 
0.23 
0.20 
0.20 
0.20 
0.20 
0.67 
0.23 
0.20 
0.20 
0.20 
0.45 
0.56 
0.43 
0.80 
0.37 
2.25 
0.67 
0.51 
0.63 
1.53 
2.38 
0.72 
0.72 
0.56 
0.71 
1.65 
1.15 
0.75 
1.00 

' 0.79 
0.90 

" 1.15 
1.15 
2.50 
0.40 
0.47 
1.05 

OFFICIAL ORDERS WELCOME 

MIDWICH COMPUTER CO. LTD. 
(Dept. W WI 
HEWITT HOUSE, NORTHGATE S FREET 
BURY ST. EDMUNDS, SUFFOLK IP33 1110 
TELEPHONE: (0284) 701321 

QUANTITY DISCOUNTS AVAILABLE 

All pi ices exclude post and packing on 
orders under f 101500 and VA"! 115%1. 
ALL ORDERS DESPATCHED ON DAY Of 
RECEIPT mill FULL REFUND FOR OUI 
OF STOCK ITEMS IF REQUESTED 
24 hour Eelenhone Credit Caul Orders 
TELEPHONE 102841 701321 

CUED' I AR ORDERS WELLOME  

tericanr diohistorv.com 

WW - 048 FOR FURTHER DETAILS W W - 037 FOR FURTHER DETAILS 
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IPUTICIrOrl 
IN  
MUSCLE 

Model — M600 
* POWER RESPONSE DC — 45KHz ± 1dB. 
* 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 DIGITAL INTERFACES, FUNCTION GENERATORS, AND MANY OTHERS. 

* OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD. 
* FULL OPEN AND SHORT CIRCUIT PROTECTION GUARANTEED STABLE INTO ANY LOAD. 
* TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW. 
* INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS. 
* 3-YEAR PARTS AND LABOUR WARRANTY. 
* UNITS AVAILABLE FROM 100VA-12KVA. 

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

Analogue Associates 
P.O. BOX 3 
ATTLEBOROUGH 
NORFOLK NR17 2PF 

Tel: 0953-452477 

PROFESSIONAL AUDIO AND INDUSTRIAL ELECTRONICS 

 a 

MODEL 3012-R 

it* 
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: 

• Thin walled stainless steel tone-arm. 

• New design lateral balance system. 

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

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

• Geometry optimised for 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 

IM̀ Steyning (0903) 814321.  Telex 877808 SME G 

W W - 051 FOR FURTHER DETAILS 
W W -016 FOR FURTHER DETAILS 
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MULLARD MODULES 
LP1171 PLUS LP1179  LP1188 
IF. Strip.  AM. FM.  VARICAP 
Pair £5.75 FRONT END)  £5.00 • 

, ULTRASONIC TRANSDUCERS-

40KC/S 
Complete on 18in. screened cable 
£1.75 ea. Pairs £2.95. 

LP1157 
MED. 8, LONG TUNER, £2.50 

Complete with Data _ 

ULTRASONIC TRANSMITTER 
Complete unit (uncased requires 1.5Y) 
£3.25. 

FÔS-Ità-D-YNAMIC MiCROPHONES e 
200 ohm impedence 
Moving coil. £1.75 pair 
Complete on chassis 

STEREO CASSETTE TAPE HEADS 
Quality replacement for most re-
corders with mounting plate. Record/ 
Replay. £2.80. 

HEWLE17-PACKARD  DISPLAYS 
Half-inch red common anode. Definitely the brightest will 
replace (DL707). 
(5082-7-650)-high efficiency and very bright. 
Excellent character appearance, evenly lighted segments,‘ 
wide viewing angle, body colour improves 'Off segment 
contrast. Categorized for luminous intensity, use of like 
categories yields a uniform display. Consumption as low as 
3mA per segment, designed for multiplex operation. Stan-
dard 14-pin dual-in-line package configuration. 

At less Man half of manufacturers current price-O NLY fl EA.; 
VERCI COMPUTER FRAMES 
19 x 8in. with 64 runners and guides 
List price £43. Our price £17.95. 

SETS OF 6 
FOR £5 

MATIONAL 4116 Dynamic (16K RAM) 
200 N/seconds, £1.95. 
Less 10% per 4. 15% per 8. 

All items new stock - delivery. y return po 
All items inclusive of VAT and post paid., 
Quantity discourits. 15% per 10, 20% per 50.  

BRITISH MADE 
• 52 KEY 7 BIT 
ASCII COOED 
• POSITIVE STROBE. 
+5V - 12V. 
• FULL ASCII 
CHARACTERS 
• PARALLEL OUTPUT 
WITH STROBE 
• POWER LIGHT ON 
CONTROL 
• CHIP BY GENERAL 
INSTRUMENT (GI) 
TTL OUTPUT 
• SUPERBLY MADE 
SIZE 13 x 5.5 x 
1.5 ins. 

MONSANTO + 1 display_ Hoff inch 
common anode, intensity. 14 pin 
OIL. £1 each. Set of 4 for £3.50. 

Professional ASCII Keyboards 

L.1,..J.).•_'1.2-iij'.: 1-1..)-2-)i• - .).. 

•El'7l-2 '.)'''..)  

f--) i'"I'''I-i/ i)...C4.1r-JJ, 1) 011),:-..7'1.1. 

L'' .'.?-_,11D IF. 11.̂±-,i'i r-/111_1- reil 

IZ '   

The 'CHERRY' Computer Keyboard 
• B ACK KEYS WITH 
WHITE LEOGENS 
• ESCAPE. SHIFT. 
RETURN & RESET 
KEYS 
• CONTROL. REPEAT 
& BELL 
Complete with DATA 

RÉeozy5"-

Ideal for use with TANGERINE, 
TRITON, TUSCAN, APPLE and most 
computers. Ex-Stock from HENRY'S 

This q definitely the BEST BUY. FULLY 
GUARANTEED. Supplied BRAND NEW in 
manufacturers original packing. Just post 
remittance total (35.95 Lind. VAT. Pt Post) 

404 Edgware Road 
London W2, England. 
01-723 1008 
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ORD£85 WITH P.O./M.O. 
CHEQUES TO: 
CROMPTON INSTRUMENTS 
8 Saffron Way, 

Leicester, LE2 OUP 

Uompton Instruments 
Type 33 Analogue Multimeter 
EXCEPTIONAL VALUE 
Only £19.95 
plus VAT  to 2000V 

CC Volts:  9 ranges 0.1V 

* Guaranteed 12 months. 

* 31 range. &lac/ohms/ 
dB/F 

* 20KQ per volt- chiles 2.5 

* Leads, batteries, wallet. 
instructions. 

* 2 %alp + diode protection 

* 20A dc plug-in shunt 
+ £3.95 + VAT. 

* Protection cradle with sling 
+ £2.95 + VAT. 

AC Volts:  5 ranges 2.5V 
to 1000V (6oH: to 10MHz). 

Resistance:  5 ranges sial 
to soma 

DC Amps:  6 ranges 
0.5mA-to 5A. 

AC Ampa: 

dB Ratios: 

6 ranges 
0.25mA to 2.5A. 

-10de to 
-F40dB 

Capacitance: 100pF/50nF, 
lOnF/500F. 

atilUIVIDIDeTÓN INSTRUMENTS 
8 SAFFRON WAY, LEICESTER LE 2 6UP Tel. (05331 833565 Teles 342216 

W W - 020 FOR FURTHER DETAILS 

ONLY £48.50 Post free, inc VAT 

D HOLDS UP TO SIX EPROMS 
C  SAFETY INTERLOCKED 

TRAY 

D FAST ERASE TIME 
QUALITY STEEL CASE 

C  MONEY-BACK GUARANTEE 

51 Arundel Street, Moseley, Lancashire.  Tel:  Mossley (04575)4119 

W W - 053 FOR FURTHER DETAILS 

le)ION 
i(Ci 11 

el)kbltà 
fl JiE 

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

Distributor enquiries welcome. 

DOUGLAS TRANSFORMERS FROM TITAN 
NEW FRANCHISE AT FANTASTIC PRICES - EX STOCK 

12/240 RANGE PRI 220/2400 
SEC, f Moon/ 10000000t 

0  12V OV  12V 
TYPE  AMPS  PRICE  P/P 

12v 24v  £  E 
242  0.3 0.15  1.70  0.40 
213  10.50  2.32  0,70 
71  2 1  251  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  63  628  1.43 
108  8 4  7.38  1.73 
116  12 6  8.57  1.90 
17  16 8  10.63  2,05 
115  20.10  13.69  2.05 
187  30,15  17.72  2.45 
232  40 20  25.16  3.50 
226  60 30  35.35  4.00 

15/300 RANGE  PRI 220/240V 

SEC  0V 12V  OfVe E r11 V 
VOLTS AVAILABLE 3 =, 15 - 0-15 

TYPE  AMPS  PRICE  P/P 
15v 30v  E 

112  1 0.50  2.47  0.95 
79  2 1.0  3.16  0.95 
3  4 2  5.64  1.43 
20  63  859  173 
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 

25/500 RANGE PRI 120/220/240V 
SEC: gO godoei, cfjog9Doe, 
VOLTS OUT 5  25  0 25 

TYPE 

102 
103 
104 
105 
106 
107 
118 
119 
109 

AMPS 
25e 50v 

1.0.50 
2 1.0 
42 
63 
84 
12 6 
16 8 
20 10 
24 12 

PRICE  P/P 

2.88 
3,60 
7,04 
8.33 
11.18 
14.79 
20.49 
24.52 
29.39 

1.43 
1.43 
1.73 
1.90 
1.90 
2.20 
2.55 
2.55 
3,50 

30/60V RANGE PRI 120/220/240V 

SEC: C E2180gv  glee% 
VOLTS 6  30 -c'-30 

TYPE  

124  1 0.5 
126  21 
127  42 
125  63 
123  84 
40  10.5 
120  12 6 
121  16 8 
122  20 10 
189  24 12 

PRICE  P/P 

2.92 
5.78 
7.13 
10.73 
12.28 
15.55 
17.72 
25.09 
29.07 
33.51 

1.43 
1.43 
1,73 
1.90 
2.20 
2.20 
2.35 
2.65 
4.00 
4.60 

48/960 RANGE  PRI 120/220/2400 
SEC: te011e tv evgreelf t 

VOLTS 12  1 48 -0 - 48 

TYPE  AMPS 
48v 96v 

430  10.5 
431  21 
432  42 
433  63 
434  84 
435  10 5 
436  12 6 
437  16 8 

PRICE 

4.14 
7.22 
11.87 
14.47 
18.43 
26.16 
32.75 
35.77 

P/P 

1.43 
1.73 
2.05 
2.20 
2.45 
2.65 
4.00 
4.60 

AUTOTRANSFORMERS 240/220-115V 
(00000p000r000000) 65VA - 10 K VA 
OV  115V 220V  240V 

TYPE  VA  PRICE  P/P 

25  65  3.82  1.10 
64  ao  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 

TYPE 

56W 
64W 
4W 
69W 
67W 
84W 
95W 
73W 

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

VA  PRICE  P/P 

20  5.52  0.58 
80  7.63  1.43 
150  9.63  1.73 
250  11.98  1.90 
500  18.67  2.20 
1000  26.90  2.65 
2000  49.45  7.00 
3000  69.18  8.00 

LINE ADJUSTMENT AUTOTRANSFORMERS 

00Q0009000P000Q000001 
0 200 210 220 230 240 250 

TYPE  VA  PRICE 

415C 

416C 

417C 

418F 

419F 

420E 
421F 

50  2.13 

100  3.13 

200  3.65 

350  5.83 

500  6.13 

750  7.60 
1000  10.55 

P/P 

0,58 

110 

1.43 

1.43 

1.73 

1.90 

2.05 

MAINS LSOLATORS ISAFETV SCREEN I 

.. ..P M ..., SEC . 1W0 °V.V9S9. 
TYPE 

149F 
105F 
151F 
152F 

153F 

154F 
155F 

156F 

VA 

60 

ioo 
288 
250 
350 
500 
750 
1000 

PRICE  P/P 

7.35 

8.61 
12.15 

14.75 
18.22 
22.70 
32.08 
41.26 

1.73 
1 73 

2.05 

2.20 
2.55. 

2.65 
7.00 
7.00 

TYPE 

243F 
244F 
245F 
246F 
247F 
248F 
249F 
250F 

MAINS ISOLATORS (SAtETV SCREEN) 

VA  PRICE  P/P 

60  7.35  1.43 
100  8.61  1.73 
200  12.15  2.05 
250  14.75  220 
350  18.22  2.55 
500  27.70  2.65 . 
750  32.08  7.00 
1000  41.26  8.00 

INVERTOR 
In: 12v D.C. Nom, 
Out: 240v A.C. square wave 100VA Con. 
150VA Peak. 
INV 1. Cased-pvc covered steel case with 13-
amp, 3-pin socket £49.95 plus £2.50 carriage. 
INV 2. Open frame for OEM £39.95 plus £2.50 
carriage. 

MAINS ADAPTORS 
13 amp plug in type, reversible 

spider jack lead 
TYPE  VA  mA PRICE 
100  6-7.5-9v  250  3.85 

REGULATED 
101  6-7.5-9v  300  4.70 

P/P 
0.58 

0.58 

SEND TODAY 50p (REFUNDABLE W  TH FIRST ORDER) FOR CATALOGUE 

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

S. HU MBERSIDE DN32 7EG 
MAIL ORDER ONLY - PRICES INCLUDE 15% VAT 

W W - 022 FOR FURTHER DÉTAILS 

•www.ániericanr 

HANDSOME! 
First there was the 130. A handheld D.M.M. which still sets the standards our competitors strive to match. 
Next came the 131. The introduction of the 135 saw 41/2  digits on a handheld D.M.M. for the very 

first time. 

And that same commitment to innovation has resulted in the latest additions to the range. The Keithley 
128 D.M.M. with audio-tone and 870 Digital Thermometer with centigrade and fahrenheit readout. 
The result is an unrivalled selection of handheld measuring devices. Each specification carefully 

matched to a given need. With performance that looks pretty good on paper. And even better in the field! 

Model 135 

Model 128 

in n 
Model 870 

LAS Dilitfl'At. M tn V, MYS TE R 

Model 870 • 0.025% accuracy • Centigrade and fahrenheit readout • Measures up toi 370°C 

• 0.1' resolution up to 200°C 

Model 128 • Audio-tone with adjustable threshold • 25 ranges 5 functions • 10 amp span 

Model 135 • 0.05% accuracy • Full overload protection • ACU bandwidth to 20 KHz 

Model 131 41 0.25% accuracy • 25 ranges 5 functions • 10 amp span 

Model 130 • 25 ranges: 5 functions • 10 amp span • 0.5% accuracy 

All models are guaranteed accurate for one year. And built to the 
high standards of quality expected of the Keithley name. 
For more information simply fill in the coupon. 
And learn about a range which will serve you.. . handsomely! 

KEITH LEY 
Keithley Instruments Ltd 
1 Boulton Road Reading Berkshire RG2 ONL 
Telephone (0734) 861287 
Telex 847047 

Also available from 
I.T.T. Instrument Services, Tel. Harlow 29522 

W W - 066 FOR FURTHER DETAILS 
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V15 LT 
11 grams 

The HE Family:  / 
Hyperelliptical-Equipped / 

V15 Type Ill-HE 

grams 

M971-1E-AH 
(with attached headshell) 

43-1 12 grams 

MV3OHE 
34-1 1, grams 

M9 7HE 
grams 

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 trackabili,ty 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 re-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 Type1V—in a full line of 
cartridges with a bfbad 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 
8 
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Shure Electronics Limited 
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Maidstone ME15 6AU 
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Information versus emancipation 
"Popular will can only express itself within the 
limits that technical necessities have fixed in 
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 of the 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 use 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 power 
of legislative assemblies in many countries 
has been declining relative to the power of 
the executive. This has happened because 
of the increasingly technical decisions 
which a modern 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 
inform-- ation 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 of the 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, in 
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. 

W W — 030 FOR FURTHER DETAILS 
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An outline of the main applications of electronics to road vehicles 

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-
fiers'. 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 1/2Lp/2 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 main 
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 
(00—    

V 

where Cser= CD .  
c.p+c

sLser 

sC 

2 
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. Unfortunately, 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. Turbulence in 
the cylinder means that a spark maintained 
for about 300tis will result in ignition, but 
this is obviously a function of engine de-
sign. 

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

btV310-1.240nF 
—10tts 
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Ignition 

Fig. 1. Basic alternator regulator controls field current. 

Fig. 3. Bowstock system uses matching 
transformer and push-pull amplifier to 
achieve rapid firing rate at full output, 
(1—coil, 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 inverter 
rectifier forms a return current path, giv-
ing a current waveform shown in Fig. 4(0. 
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 on a lean-
burning engine, particularly since 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 interesting 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. 

To distributor 
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Coil  Distributor 

Spark plug 

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

Fig. 4. Capacitor-discharge system, in basic form ai (a). Equivalent circuit at (b) is simplified to 
that at (c) of coil mutual inductance is ignored. Current waveform produced by circuit at (a) is 
shown at (d), extended by circuit at (e) to waveform shown at (f). Flywheel diode in circuit at 
(g) allows long decay shown in (h) 

Inverter 
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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 reached. 
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 which 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 
enginesg. 
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 use 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 
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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, 
pressure. In a basic fuel-injection system, 
the input parameters are sensed by a 
variety 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 
airflow into each cylinder, because this 
dictates the 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 for 
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 

Solenoid valve 

Temperature 
sensor 

< >Timing source 

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 
are obviously only applicable to racing: 
more relevant to everyday 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 system 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-t 
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 intelli-
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 

Vacuum 

Throttle 

Automatic gearbox 
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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 

Load 

Decode Transducer 

Remote switching 

Encode 

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. 

Display 

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 

References 
1. Alternator regulator. J. R. Watkinson. 
Wireless World Aug. 1978. 
2. Joseph Lucas, the Dark Horse. Electronic 
components May 1969. 
3. Optical Contact Breaker. J. R. Watkinson. 
Wireless World Apr. '81. 
4. Electronic Ignition Techniques. J. R. Wat-
kinson. Wireless World July 1974. 
5. Electronic Ignition Systems for Motor Cars. 
-Jurgen Hoyer. Semiconductors ¡974-3 
6. Electronic Ignition. Hot Car. Feb. '81. 
7. Readers' Letters. Wireless World Nov. 1980 
and Apr. 1981. 
8. Big Burn Theory. David Vizard. Autocar 7 
Feb. 1981. 
9. Weber Carburettors Tuning Manual. SpA 
E. Weber Bologna. 

OFF 

acciwC 

FRESH  ftECIRC 

rEriFEReuRe 

dee.  de. 

L— ofs-meuroN 

OF ox  F , 

LvÉNTKAIiONJ  

MAX 

www.americanr iohistorv.com 



34 WIRELESS W ORLD AUGUST 1981 WIRELESS W ORLD AUGUST 1981 35 

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 and 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 oscillator 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 terms 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/or 

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 amateurs was home-built, this is 
no longer true. 
Some of the critics want examinations at 

a higher technical level; others want 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 matter. 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 
Exhibition at Alexandra Palace, and cer-
tainly at times it was quite a struggle to get 
near the exhibits! About 50 traders sup-
ported the event and the t̀alk-in' stations 
registered some 2000 contacts. The 1982 
event is due to be held in the new 
Alexandra Palace Pavilion from April 22 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-

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 
British Old Timers Association, is opening 
its ranks to all those who can show evi-
dence of having been interested in the 
hobby, 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. RAOTA holds 
the callsign G2OT and a regular 3.5MHz 
net is held on Thursday mornings at 
1 la.m. President is Ken Alford, G2DX 
who was originally licensed as TXK before 
World War I. Vice-president is F. J. 
('Dud') Charman, G6CJ. 
Application forms from Miss May 

Gadsden, 19 Drturunond 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 
should be carried out by the regional orga-
nizations, 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 
Region 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 

Simplified design of 
dc power supplies 

Design considerations and formulae for common circuit configurations 

by J. C. S. Richards 

Although capacitance smoothed dc 
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 
Schadel 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 simplify the design procedure it is 
assumed that the direct output 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 dc voltage. 
As shown later, the performance can be 
easily calculated by taking C to be infinite. 
The ripple voltage is conservatively given 
by 

Vrip=rn/Dc/(2fC)  (1) 

where /Dc is the dc 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, /Dc=1A and 
C=10,000uF, 17,4, is about IV for a full-
wave circuit. 
A second assumption concerns V„,, the 

forward voltage drop in the rectifiers, 
which depends on the rectifier peak cur-
rent but is unlikely to be more than 1.5V 
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 dc output voltage, 
VDc, from  a specified  transformer, 
subtract Vr„ from the value obtained with 
ideal rectifiers. When choosing a transfor-
mer, start by adding Vr„ to the required 
value of VD-. Except for very low cur-
rents, Vrec  should be taken as IV 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 0.5V in the forward 
biased rectifiers. However, VDc is usually 
calculated at zero output current so that 
components with a suitable voltage rating 

(a) 

(c) 

can be chosen, and it is therefore advisable 
to consider V„, as zero. 

Transformer considerations 
Copper losses are important when deter-
mining the transformer performance. 
Ready made transformers are usually des-
cribed by some of the following parame-
ters. 
Vp — nominal r.m.s. primary voltage. 
/g — rated r.m.s. secondary current. 
Vg — rated r.m.s. secondary voltage or 
the secondary voltage when the current is 
/g. 
Voc — 
voltage. 
r — regulation or (V0,— VR)/VR. 

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

R1 and R2 — primary and secondary resis-
tances. 
n — turns ratio, given by V,/V0. 
Rs — output resistance, given by 

(R i/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 conversion can be achieved using 

open circuit r.m.s.  secondary 

(d) 

—IDC 

D 

(b) 

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, VF? and IR 
are the ratings for each secondary. For the 
two-phase circuit, the rating of each 
secondary is vR, 1/2 IR. 

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

(b) 
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the relations 

(1+ r)/R/r=170,112, 

(l+r)VR=Voo 

(2) 

(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, /R and r as above. This covers 
the series and parallel connection of 
secondaries and the rectifier circuits in 
Fig. 1(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, /R, r, R1, R2 and R, are the 
transformer parameters when the seconda-
ries are in parallel. In this case the rating of 
each secondary is 1/2/R and its resistance is 
2R2. 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 
/Re and the effective output resistance is 
increased to kR„ where 

k=(2R2+Ri/n2)/(R2+Ri/n2)  (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, 20, is known, and in the ap-
proximate formulae below, 0 is expressed 
in radians. 
To find the half angle of flow 0, 

0=1.494x1/2+0.111x 

where x =A i[r/(1 + r)](/Dc //R) 
and /11-= 1 for a bridge, A1=k for a two-
phase, and A1=2 for a half-wave or 
doubler circuit. The second term may be 
ignored when x<0.05. 
For the dc output voltage Vpc, 

Vpc+ Vrec = V-2(1 +r)A2VR cos H (6) 

where A2=1 except for the doubler circuit 
where A2=2. 
For the r.m.s. transformer current /T, 

hi/m=1.37 A3/01/2 (7) 

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

(5) 

A3= VI for a half-wave, and A3=2 for a 
doubler circuit. 
For the repetitive peak rectifier current 

/p//pc =2.36 A4/0  (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 1c, 

id/pc -05/7.2"DC2 —1 )1/2 (9) 

where A5=1 except for the doubler circuit 
where A5=1/2. 
For the maximum permitted dc current 

h., which occurs when /T=4, 

/m//R= 0.87 A6[r/(1+ r)]  (10) 

where A6= 1 for a bridge, A6=1/0 for a 
two-phase, A6=0.76 for a half-wave, and 
A6= 1/2 for a doubler circuit. 
For the peak-to-peak ripple voltage Vrii„ 

[Trip  =A7/Dc(1 —2A80/70/(2Cf)  (11) 

where A7=A8=1 for a bridge or two-
phase, A7=2 and A8=1/2 for a half-wave, 
A7=2 and Ag =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 Vpc has 
rarely exceeded 1V 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 dc component, the dc regulation 
is poor and the ripple voltage is double that 
of a full-wave typé using the same capaci-
tor. 
The symmetrical half-wave doubler in 

Fig. 2(b) avoids dc polarisation in the 
transformer core, the fundamental ripple 
frequency is twice that of the supply, and a 
high dc voltage can conveniently be ob-
tained using components with a relatively 
low voltage rating. 
The available direct current /.1, the cor-

responding dc voltage V.., and the open 
circuit dc voltage V., with allowance for 
the rectifier voltage drop V„,, are plotted 
against r in Fig. 3 for a full-wave bridge. 
The trend of the curves is the same for all 
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01  0-2 
REGULATION r 
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Fig. 3. Graph for a bridge rectifier circuit 
showing how the maximum available dc 
current Im, the corresponding dc output 
voltage Vm, and the open circuit dc voltage 
Vo vary with the regulation of a transformer 
rated at Vg and IR. 

circuits. Regulation of the dc supply is 
(V.— V.,)/V,„ therefore a transformer with 
poor regulation makes a power supply with 
even worst regulation. However, when r is 
very small, the transformer tends to be 
large and expensive for its VA capacity and 
/,.//R 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 
low r. 
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, <10VA, 
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 VDc at a maximum 
current 'Dc,  the transformer VR should be 
about 0.8 '(VDc+ V,...) and /R 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 mains voltage, about 
± 10%, and the minimum voltage across 
the capacitor which is less the Vpc by 
about  (0.5 to IV). 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 (17sta b +5V). 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 /pc to exceed  for periods much less 
than the transformer thèrmal time con-
stant, provided that /pc is appropriately 
less than  at other times. Note that the 
thermal time constants of the rectifiers and 
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capacitor are relatively short and their rat-
ings should be determined from the maxi-
mum value of /DC . 
When a supply_ is switched on a large 

current, up to V2/R(1 +r)/r, 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 
1/1(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 than -\,/i( I +r)VR, and these 
ratings should be increased by 30 to 50% 
for high reliability. 

Design examples 
For a supply with an output of 35V dc 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 dc current /if, 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=2,200µF. 

At /pc =0, VDc= 46.2V (45.8V) 
At /pc=0.6A, 0=0.473, 
VDc= 39.2V (38.4V) 
/T=1.2A, /=3.0A, /.=1A, 
Vrip = 1.9V (1.8V). 

For a supply to provide 5V at IA with 
less than IV 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 g. 

At 'D =°,  Vpc=7V(6.1V) 
At /pc= 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 /Dc =0, Vpc = 7V (6.6V) 
At /pc= 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, vi = (VI eosin°, and an output resis-
tance R1. 
When C is large enough, the voltage 

across it can be taken as constant and equal 
to Vpc. Current j1 flows into C whenever 
the magnitude of vi is greater than VDC3 
i.e., when 'VI cosiot >Vpc, or when tot 
lies between (nn— 0) and (nn+13), where n 
is 0, ±1, ±2 . . etc. and 20 is the angle of 
flow. In Fig. 4(b), IVicoscotl and Vpc are 
shown together and 

VDc= Vicos0  (12) 

(a) 

b) 

lp 

-G  +0  0 
(c) 

Id) 

(e) 

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

Current j1 flows in pulses as shown in Fig 
4(c), and is given by 

ii= Vi(coscot—cos0)/R,  (13) 

Because the average value of i1 must be 
equal to 'ac, 

sine — @cos() = 1/2 nRs/Dc/Vi 

=nr/pc/[2-V1(1+r)/R] (14) 

This equation can be solved by trial and 
error or by expanding sine and cos° as a 
truncated power series in 0 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 /-1-
and peak value I, as i1. Therefore, 

/1,2= VI' (20 + Ocos20 — 1.5sin0) 

(nR,2) 

/p= VI (1 — cos0)/R,  (16) 

(15) 
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Expanding cos20 etc. as series in 0, and 
keeping the most significant term provides 
equations 7 and 8. 
From Fig. 4(a), the current j1 divides 

into two parts, /pc and i. in capacitor C. 
Because i. has no dc component, the aver-
age value of ic/pc is zero, and equation 9 
follows. To find /in, /T is made equal to /R 
and the equation is solved by series expan-
sion to find O., from which  follows by 
equation 13. 
For circuits other than the bridge type, 

the constants A1 to Ag 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 
IVicoscotl and the voltage across C are 
shown together. The theory given above 
can be extended to find 01, 02 and hence 
VDc etc.2, but the improvement is small if 
the ripple is small. For example, the 
change in VDc for a bridge system is 
around  6(Vrip/VDc)2 [4/(r/Dc)12/19/0, 

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 /pc therefore, 
if C discharges for a time ti, 

Vrip=/Dcti/C  (17) 

From Fig. 4(e) and because (01+02) is 
approximately 20, and the repetition time 
of the ripple is 11(2f), 

t1=(1-20/70/(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, O. 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 82kfl for R1 and 
lkfl for R2. Apologies for these errors. 
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Programmable sound-generator 
•  interface 

Z80 control of the AY-3-8910 

by M. Shepherd 

Although the AY-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 Z80 using i/o instructions. 

The AY-3-8910 programmable sound gen-
erator, p.s.g., is a 40-pin i.c. 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 
programlnable sound generators. 

BDIRz 

BC12 

Fig. 2. Control circuit for one or two p.s.gs. 
Z80 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 which is controlled by BDIR, 
BC1 and BC2 signals. If BC2 is connected 
to +5V, bus control can be achieved with 
the signals shown below. 

BDIR  BC1 

0  1 

1  0 

1  1 

Function 
bus inactive 
read data from latched 
p.s.g. register 
write data to latched p.s.g. 
address 
latch register address 

The BDIR and BC1 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-

dent general purpose 8-bit i/o channels, 
registers 14 and 15, which have no effect 
on the sound generation. These are 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 

1 = 0 I T 0  TU rillT02  
BETTER R.F.I. 
PROTECTION NEEDED 
It is clear from my own observations that a.m. 
citizens' band equipment operating on the 
27MHz 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 Audio 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 
intermodulation 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.56). 
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. I.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. Chewy 
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 distortion 
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 in 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 

'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. 15 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 Ivor 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 electronics 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/second 

1— e.m.f.= 1 volt 
Energy converted 
to heat at 
1 joule /second 
= 1 watt in 
resistance 

1 ohm 

1 coulomb /second 
= 1 ampere 

charges are given energy by the electromotive 
force of the battery, such that if 1 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 1 coulomb/s, then 
the current is said to be 1 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 1 watt, or 1 joule/s. 
It would 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 Catt'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. 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. 

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 a 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 a as the step front advances forward? It 
cannot be one (say 0) from behind the step, 
because this electron is not travelling at the 
speed of light. For 0 to arrive at location a in 
time; it would have to travel at the speed of 
light, since the voltage-current step is travelling 
forward at the speed of light (for the dielectric). 
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 the E 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 Schrii-
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 unIike Bruno I 
shall not be burnt alive for it. (See M. 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-. 

millan 1971, pp. 164, 168.) However, this does 
not bear directly 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". 
Ivor Can 

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 but 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 

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 

MAGNETIC 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 clear as to the meaning of his first point. 
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 of 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 find 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 
expressed. 
James Moir 

LOW-NOISE 
AMPLIFICATION 
In his "Introduction to low-noise amplifier de-
sign" (April issue) Mr Foord falls into the old 
booby trap of basing his method on transistor 
parameters which are not often published — 
particularly remarkable in view of his introduc-
tory remarks which recognize that "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 
Leatherhead, 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 
"bb' does become significant. Unfortunately we 
have to use rw, 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 1/f noise is important /lb, 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'. 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 Knott'. 
To give reasonable noise parameters in their 

data sheets the manufacturers might have to 
measure up to four parameters for each tran-

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 
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INTERFERENCE FROM 
MICROS 
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 equipment 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. 

and r.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 
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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' 
system with dual double-sided mini-floppy disc 
drives. It is 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 
each 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, to 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 
keep 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 involved 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: 
1. 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 

standpoint, we feel this poor quality of examin-
ing will 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 coming 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. 
J. M. Osborne, G3HMO 
South London Science Centre 
Inner London Education Authority 
London SES 

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-
rence' and 'security' and 'defence', but in reality 
the race is the mad dash of the lemming towards 
total destruction. 

The points made by your correspondent L. 
G. Martin in the February issue require some 
response. His first point is _that your leader 
should have 'balanced' the account of the hor-
rors of Hiroshima with consideration of the Ja-
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'. 
John Hind 
Belfast 
Northern 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 

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 
v/c and of constant sign) as derivable from the 
very different Doppler effect (first order in v/c 
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 
London NW1 

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 
fundamental 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 ap2 
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 0.5cm 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 5km 
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 5/8 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 
(GB3I0W) 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. 
J. 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 

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! 
Eric Holland 
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. Challenged 
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 
Chelmsford, 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 27MHz 
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-tunèd and re-
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 
Lightwater, 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 MkIII 
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 long 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 'Terma 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 100µF 
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 e 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 150µF 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 CD4015 
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 7400 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 D5 and a 2200 g capacitor 
'provide 12V d.c. for the relay coils and for 
the 5V 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 5-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.c. is 
supplied from pin 10 of IC2. 
Thus, a control word from the computer 

is fed to the CD4015 in serial form from 
output port HEX AO. The parallel out-
puts QO to Q3 drive transistors Tri to Tr4 
through lk 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 Tri 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 RLA1 and RLC1 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 +5V supply through a 2.2k 
ohm resistor and a 220 ohm series' resistor 
and 100 g 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 V. Switch S2, 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 7400 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 2.2µF capacitor and 10k 
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 SI, 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, 
IM2 (interrupt mode two) is used so that 
the processor can be directed to the in-
terrupt service routine anywhere in the 

RECHARGING 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/SE79/00091) 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 100mA is applied to the cells. This is 
produced by a forward component of mean 
value 200mA and a reverse component of 
100mA. 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 

program. When IM2 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 10k 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 MkIII 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' 
R2 is adjusted for an indicated 200mA. With S 
closed 111 is adjusted to reduce the indication to 
100mA. 
D.F. Caudrey 
Newbuiy, 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-
cuit battery. However, 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 of to pin 16 of IC i 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 of IC7 then goes to 
pin 13 of IC14 and finally, connect pin 12 
of IC14 to pin 16 of ICI. 
With these connections the MM57109 

and the timer can share the INT pin of the 
processor. Pins 6 and 10 of IC53 are also 
connected to the DIN socket and through 
a screened cable to the rotator cam 
switches. IC53 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. Bit 0 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 of IC2. 
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. 
Ian 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 two signals on a 
single groove. 
But was he? I now see that Blumlein's provi-

sional specification contains this passage (p. 6: U 
54 - 50) describing something 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. I. duff 
London NW7 
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Radio and the birth of the universe 
The cosmic microwave background in the Big Bang theory 

by Eric Eastwood, F.R.S. 

The radiation which mediated the 
processes 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 this cosmic radiation 
background. It outlines the measuring 
programme and the immediate 
explanation of the radiation offered 
by Dicke and his colleagues. Also it 
deals with the measurements 
performed to determine the degree of 
anisotropy in the radio background 
and describes how the antenna 
temperature variation led to a 
determination of the "peculiar" 
velocity of the galaxy. The theory of 
the "hot big bang" is touched upon 
and there is a summary of the modern 
state of the theory which has been 
able to build upon the essential fact 
supplied by the temperature 
measurement of 3K of the noise 
background — the ratio of the number 
of photons to the number of nucleons. 

When Karl Jansky 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. 

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 thunderstorms 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 and the directional variation 
which took place over the first three 
months of observation caused him to 

conclude that the sun was somehow 
involved'. 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 of 
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 Jans-
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 
160MHz and so greatly extended Jansky's 
original observations. Serendipity played a 
part through observations made from 
operational military radar stations. Thus 
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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 (20-100MHz). 
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. Parti-
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 
source. 
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 

'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 has had the special ad-
vantage relative to the other radiations 
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 (X = 21cm) 
which has permitted the spiral arms of our 
own galaxy to be traced; or carbon monox-
ide (X = 2.6mm) which is yielding valuable 
information on the presence of a great ring 
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of cold star-forming clouds in 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 galanes 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 

Theory of the expanding universe 
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 1755 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 spectrum, 
'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 
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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 luminosity 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, all the 
velocities measured were velocities of re-
cession, i.e. the spectrum lines were 
shifted towards the red. 
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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Optically magnifying a graticule as if from an object (left) 
to an image (right), illustrates process of expansion. 
Velocity of separation of a particular pair of points on the 
graticule is proportional to separation (Hubble's Law). 

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. y = Hd, then the time 
taken to achieve this separation is some 
value not greater than dly = 1/H. In other 
words, the expansion of the galaxies in 
accordance with Hubble's Law implies 
that at a time in the order of 1/H in the past 
all the galaxies must have been in close 
proximity to each other. With H equal to 
15 km sec- I per 106 light years 1/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 

would be observe-d 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-I /106 light years then the 
critical density is 5 x 10-30  gm cm-3 , 
which corresponds to about three hydro-
gen atoms per thousand 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 

-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 X the 
Doppler effect will produce a fractional 
increase in wavelength or red shift of z = 
SU= vl c. But the transit time of the signal 
is dlc and during this time the increase in 
separation of the galaxies is (c11c) y so that 
the fractional increase in distance is (dIc)y 
(11d) = v/c = 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 shift". 
For large velocities, i.e. high values of the 
red shift z, then special relativity gives 1 + 
z = ((c+ v)I(c - ye but the proportional-
ity between wavelength and the expansion 
factor of the universe remains trues, 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. 
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progress in cosmology should have had to 
wait until 1965 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), Amo Penzias and Robert Wilson, 
were engaged on a not dissimilar task. 
Their operational interest related 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 structure 
itself. In their experiment Penzias and 
Wilson employed 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-
tually 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 derived? 
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 (Aare joules per cubic metre of 
wavelength. 
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non. 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: 

8:thy3 ( 1 - f 1 e kT - 

8nh c ( nc  -1 
or g,=-73 .- e -1) 

where: u. is the energy per unit volume per 
unit bandwidth at the frequency y 
u, is the energy per unit volume per unit of 
wavelength at wavelength 
h is Planck's constant (6.625 x 10-34  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 X will be shifted by 
an amount eo)t. given by the usual Doppler 
relation 6X/X--= v/c, where y is the resultant 
velocity of the antenna. But according to 

Hot — 0-
+ 3.5mK 
blue 
shifted 

Cool 
-3.5m K 
red 
shifted 

Zero shift 

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. SX/X=-STIT and the velocity y 
is given by (ST/T)c, with ST = 3.5 x 10-3 
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 solar 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 
600 km/sec. 

Cosmic role of radiation 
When Lord Kelvin made his calculation of 
the age of the earth, based upon the 
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, the Kelvin-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 Gamow 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 removal 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 regions that might have 
suggested that groupings of matter had 
occurred at that stage. 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 
Hoyle1°. 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 amountà 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 feàtures 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 101°K, together 
with radiation of density of about 109 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 e n + e+ 
n + neutrino —> p + 

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 Of 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 upon the photon/nucleon ratio; 
if this is 109 (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 11. 
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 clue 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 to 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 " states of the early universe that 
may have preceded the 101°K 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. 

References 
1. Karl G. Jansky. "Directional Studies of At-
mospherics at High Frequencies", Proc. Inst. 
Rad. Eng., 20, 1920, 1932. 
2. Karl G. Jansky. "Electrical Disturbances 
Apparently of Extraterrestial Origin", Proc. 
Inst. Rad. Eng., 21, 1387, 1933. 
3. Karl G. Jansky. "A note on the Source of 
Interstellar Interference", Proc. Inst. Rad. 
Eng., 23, 1158, 1935. 
4. E. Eastwood. "Some New Applications of 
Radar", Marconi Review, 24, 53, 1961. 
5. A. A. Penzias, and R. W. Wilson. "A Mea-
surement of Excess Antenna Temperature at 
4080 Mc/s", Astrophys.j., 142, 419, 1965 
6. R. H. Dicke, P. J. E. Peebles, P. G. Roll and 
D. T. Wilkinson. "Cosmic Black Body Radia-
tion", Astrophys. ., 142, 414, 1965 
7. R. A. Muller. "The Cosmic Background 
Radiation and the New Aether Drift". Scientific 
American, 238, May 1978. 
8. D. W. Sciama. "Modern Cosmology", Cam-
bridge University Press, Cambridge 1971. 
9. R. A. Alpher, H. A. Bethe and G. Gamow. 
"The Origin of Chemical Elements", Phys. 
Rev., 73, 803, 1948. 
10. R. V. Wagoner, W. Fowler and F. Hoyle. 
"The Synthesis of Elements at Very High Tem-
peratures", Astrophys.1., 148, 21, 1967. 
11. S. Weinberg. "The First Three Minutes", 
André Deutsch Limited, London, 1978. 

Digital storage and analysis of 
speech 

2 — Coding in the time domain 

by Ian 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 
x(n)2 (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 the magnitude of the previous 
code word. 

Adaptive quantization 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 displayed 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. 

Input 0  
Comparator 

ENCODER 

Up /down 

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 

Up /down counter 

A converter 

r 
Coded (5   
signal Up /down 

DECODER 

Up/down counter 

D/A converter 

  Coded 
Y signal 

 0 Output 
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E (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 is and — is 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 speech 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)x 2 if 
+ 1)<x(n)< x(n— 1) or 

x(n+1)>x(n)>x(n— 1) (slope  overload 
condition); 
stepsize (n+ 1) = stepsize (n)/2 if x(n+ 1), 

x(n-1)<x(n) or x(n+ 1), x(n-1)>x(n) 
(granular noise condition). 

Slope overload • 

flk LLl1 )  Granular noise 

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 modula-
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 

Literature received 
Monthly news sheets, which contain details of a 
host of electronic components, accessories and 
instruments, are sent out free of charge by J. 
Bull (Electrical) Ltd, 34/6 America Lane, 
Haywards Heath, West Sussex RH16 3QU. 

WW401 

Instruments and accessories for measurement 
and test, and a number of instrument cases, are 
illustrated and specified in a catalogue from 
Global Specialities Corporation, Shire Hill In-
dustrial Estate, Units 1 and 2, Saffron Walden, 
Essex CB11 3AQ.  W W402 

A large range of active and passive components 
for thick-film hybrid circuits is fully detailed in 
• a new catalogue from Norsem Thick Film Com-
ponents, Level I, The Civic Centre, Hartlepool, 
Cleveland.  WW403 
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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 BC1 
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 ICI. 
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 

LD A,R 

OUT (252), A 

LDA,D 

OUT (253), A 

INA, (253) 

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 
output data to latched re-
gister in p.s.g. 1 
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 BC1 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 construction of the interface is 

straightforward, and the complete circuit 
for driving one or two AY-3-8910 devices 
is shown in Fig. 2. The interface will also 
drive the smaller AY-3-8912 i.c., 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.c. 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 Al and A2 
with IC3b. In this case, disconnect A2 from 
ICI and connect the NAND gate input to 
+5V, connect the B input of IC3b to A2. 
The inverted data outputs from IC3b, pins 
9 and 10, then gate another 74LSO8 to 
generate the BCI 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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11121C M EM  
Improving the 74S262 
character generator 
A disadvantage of the 74S262 character 
generator r.o.m. is that the displayed out-
puts for zero and upper-case 0 are iden-
tical. This circuit simulates the style of 
zero found in other r.o.ms. 
The ISO-7 code for zero, 0110000, is 

converted to letter A, 1000001, and the 
dot-row address 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 about 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 ICI which 
are 4.5V 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 

section A is necessary if the detector is 
lusekl with a cadmium sulphide cell or a 
thernaistor. The voltage fed to the detector 
inpkit is restricted to between 1/3 and 
,2/3Vcb. Other op-amps can be used for ICI 
prolvided they have an input impedance of 
around 20M.12. 
M.  Ford 
WOrcester 
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Upper case 'A' 
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original zero 
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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 

Input 

hours 

Time 

B2 

Offset 

D 
 D  

4-bit adder 

Adds low-digit 

inputs together 

When result from adder is 

> l0, subtracts 10 
and carries to high digit 

1 

2-bit adder. 

Adds high-digit 

Inpit arid carry 

from low didit 

When combined data >. 24, 

subtracts 4 from low digit and 2 froni high digit 

Nz 
When result of subtra tion 

goes ne,2ative, adds 10 

and carries to hijh digit 

 • 

Subtracts any carry 

from low di.iit 

Outputs 

1D • 

82 120) 

A21101 

Hours 

•  (8) 

•
•
•
•
•
•
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INTELLIGENT EPROM 
PROGRAMMER ROM 

SIMULATOR AND SO MUCH 
MORE BESIDES! 

S AND 
SERIAL/PARALLEL 

I/O ROUTINES — RS232, 
CENTRONICS etc. 

PERSONALITY SWITCH 
SELECTS 2716, 2732, 

2532 etc. 

ZERO-FORCE SOCKET 
FOR EPROM PROGRAMMER 28 KEYS FOR HEX ENTRY 

AND CONTROL 

"Think how a good engineer can extract complex information 
from an electrical device using an OSCILLOSCOPE. SOFTY is in 
this class — it isa well-constructed bench tool foranyone dealing 
with MPU products and requiring development and test facilitie " 

— Dr. Tony Berk. Practical Electronics  .. ... . 

You can of course just use SOFTY as an ordinary EPR O M 
programmer but that would be wasting its true potential ... toe  
SOFTY is for the DESIGNER or ENGINEER who wants a versa 

pAmReEn toolt  DESCRIPTIONa tr eas on adb(l (COMPONENTS) 

cost.O 

0:. NESOFTYrepresentsNTS)         good  
for anyone developing 
— Mike Dennis. Persona  o 

Scratchpad RAM (INS8154), MPU (INS8060), Cursor RAM 

and  is  a good  syste ms. 
generalm 1  

• 30 ICs include: 2K Static Ram Bupffuer, 

valuefor money pr,o2seKdReovemlipprniAenwttiothol 

HAdeRvDeWlo 

(2102), Character PROM, LS-TTL and CMOS gates, dividers, 

ni ll C mputer VVorld , 

counters multiplexers, monostables, registers, flip-flops and 
buffers. 
Voltage regulators for 5 volts and 25 volts program voltage. 
5 pole changeover DIL PERSONALITY SWITCH. 
UHF Modulator. 
Zero-Insertion-Force Lever Socket. 
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. 

• Plated-through-Holes Fibreglass Circuit Board with 'Solder 
mask and Component Ident. 

• Separate POWER SUPPLY, with moulded MAINS PLUG. 

*No hidden extras, price is for a BUILT AND 
TESTED Softy (no kits) with full 90 day 
warranty and 14 day money back guarantee. 
Price includes power supply, romulator link, 
postage and packing — ALL YOU NEED. 
Price £169 -1-£25.35 (VAT 15%) total £194.35. 
Cheques payable to Dataman. 

Mail to:- Dataman Designs, Lombard House, 24 Cornwall Road, 
Dorchester, Dorset, DT1 1 RX. Dorchester (0305) 68066. 
Export enquiries: Maiden Newton (0300) 20700. 
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SPARE EPROM 
TRAY WITH 
ANTISTATIC 
LINING 

SOFTWARE DESCRIPTION (KEYBOARD FUNCTIONSI 
• HEXADECIMAL ENTRY — 13::TA is written to SCREEN ADDRESS indicated by CURSOR HIGHLIGHT and 
the cursor is automatically incremented • CURSOR FUNCTIONS — UP. Dom. LEFT. RIGHT PAGE — The 
CURSOR KEYS control movement of the cursor highlight DATA is displayed as a pair of HEX DIGITS which show 
CODE CONTENTS of each ADDRESS LOCATION ADDRESSES are MAPPED in X-Y fashion on the screen of a 
TV receiver or MONITOR Any of 16 PAGES may be viewed each containing 512 BYTES plus STATUS 
information. PAGE changes automatically as the cursor crosses the page BOUNDARY • ALTERNATE CURSOR 
— The FIX key stores the current cursor position for later relerence providing a LABEL in ADDRESSING SPACE 
Thereafter SOFTY calculates and displays the HEXADECIMAL DIFFERENCE between cursors ( showing correct 
value of RELATIVE JUMP. For example). • SWAP function exchanges the stored cursor with the current Cursor 

• which complements the HEX difference as displayed on-screeni • MATCH BYTE function will highlight arid 
count all locations containing any REOUESTED BYTE This instruction may be repeated to find specific section's 
of code • CLEAR operates in either FORWARD or BACKWARD modes to clear RAM BUFFER as requested 
Cleared memory is all-high, rather than all-low. An unprogrammed EPROM contains all FF bytes • INSERT looks 
forward in memory to find THREE UNUSED BYTES in succession ( FF FF FF) and shifts intervening code 
rightwards to permit extra instruction lo be inserted • DELETE removes the instruction at the cursor location 
and shifts code lof twards from first three unused bytes • SERIAL and PARALLEL INPUT and OUTPUT 
ROUTINES are available to fill the RAM BUFFER from an external device such as a COMPUTER running an 
ASSEMBLER PROGRAM or a PUNCHED-TAPE READER BUFFER CONTENTS may also be transmitted to a 
TAPE-PUNCH or PRINTER These routines convert between HEX and ASCII. it is easy to interface SOFTY with 
RS232 and CENTRONICS compatible devices (and with other BUS STRUCTURES by writing specific software 
and assigning a keyfunctioni • TRANS WIF T is a FAST SERIAL DATA TRANSFER sytitem which can be used 
with ANY MICRO via a single bit of 1rO. It is used for EASY SERIAL INTERFACES and for direct connection with a 
TAPE RECORDER to store OBJECT CODE on tape. (EPROM or BUFF ER contents' • EX-RAM function permits 
extension of RAM BUFFER to 4 K BYTES by using a BYTE-WIDE RAM In the ZIF SOCKET. There is provision for 
connection of SOFTY'S WRITE STROBE to the socket and BUFFER CONTENTS may be transferred using this 
function. • INTERNAL MICRO functions — SOFTY S own iNSBOBO will run PROGRAMS in SCRATCH PAD 
RAM BUFFER or EPROM. • COPYFIRM copies back FIRMWARE into the RAM BUFFER Thus it is possible to 
modify SOFTY and reprogram it for CUSTOM APPLICATIONS. write APPLICATION-ORIENTED 
KEYFUNCTIONS etc • RUN function will transfer control to the device in the ZIF SOCKET Programs 
particular applications may be committed to EPROM for use when required (2K bytes permits quite poviiii 
applications — a disassembler perhaps?) • GOSUB will perform the program in SCRATCHPAD — nr effect 
provides USER-PROGRAMMABLE KEYFUNCTIONS • EXECUTE will action the program in RAM BUFFER 
"before your very eyes". as mt were, permitting insertion of BREAKPOINTS which cause the processor to stop 
without LOSS OF STATUS and print contents of INTERNAL REGISTERS. SUBROUTINE POINTER etc. in the 
STATUS LINE • BLOCK FUNCTIONS are available to handle code in blocks • DEFINE permits 
definition of the block using the CURSOR KEYS The CURSOR HIGHLIGHT expands to enclose the BLOCK). • 
MOVE allows the block to be SHIFTED around in memory by use of the CURSOR KEYS Intervening code is not 
erased it moves to the other side of the block. This is a relocation function. • STORE will take the block into 
SCRATCHPAD memory. where it can be called as a SUBROUTINE to provide an extra key-function re-inserted 
into code later as a MACRO — or lust provide a means to put the block back elsewhere without relocating other 
code. • REPLACE writes the stored block into memory from the current cursor address and transfers the cursor 
to the end of it • EPROM-HANDLING FUNCTIONS — SOFTYS CHIEF PURPOSE is the HANDLING of 
OBJECT CODE and PROGRAMMING of EPROMS. • PRETESTChecks that the program will go into the EPROM. 
This is not merely a test for erasure fit CAN be if memory is cleared first). each location is examined in turn and 
compared with the code it will receive. Those locations which cannot be programmed t BITS which must be HIGH 
are already LOAR are HIGHLIGHTED and COUNTED One useful application of this function is the employment of 
iefective EPROMS which have a bit or two "stuck low" This happens Perhaps even more usef ul is the possibility 
af modifying an EPROM because the changes are in the "right direction- — one can be lucky' • COMPARE 
checks each location in EPROM with the corresponding byte in RAM BUFFER and counts and highlights 
differences. This function is also called automatically after a programming operation It is useful for testing 
suspect ROMS and EPROMS. SOFTY MAKES A USEFUL PRODUCTION ROM CHECKER • COPY transfers 
the EPROM contents into RAM BUFFER • BURN transfers the RAM BUFFER contents into EPROM by 
applying a 50 millisecond PROGRAM 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. 
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24 hour answering urine: You may telephone your order throughout 24 ba  Address ssi 
oting your Access or Barclaycard number. Phone number 0242-41313. 

I Telephone No. 

voltage supplied on request. 

New Line of 
Wave Solderable 
Heat Sinks 
Thermalloy International offers 35 different styles of wave 
solderable heat sinks for TO-3 and plastic packages. Styles 
include board mounted stampings and flat sided extrusions. 

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

For product samples and full technical literature 
contact MCP Electronics. 

MCP Electronics Ltd., 
38 Rosemont Road, Alperton, Wembley, Middlesex, 
Telephone 01-902 5941. Telex: 923455. 

M-3 Thread 

Heat Sink 

PC. Board 

3.675 -± .125 
Plated-thru Hole 

7.125 

8.75 

1MM or 
3MM (standoff) 

ar 

PC 
BOARD 

Thermalloy International 
Advanced technology in semiconductor accessories. 
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Cotswold Electronics 

Toroidal Power Transformers 
Secondary 
Volts 'Current 
OMS I OMS 

Dimensions  Weight 
Dia. J Height  Kg  Price 

C1000  30  6+6  2.50  70mm  30mm  0.45 
C1001  30  9+9  1.67  70mm  30mm  0.45  £4.55 
£1002  30 12+12  1.25  70mm 30mm  545 
C1003  30 15+ 15  1.00  70mm 30mm  0.45  1+01.10 pp. 
C1004  30 18+18  0.83  70mm 30mm  0.45  + 0.84 VAll 
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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 

by D. C. Hamill, M.Sc. 

A filter with a sharp 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 
worse 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' 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 

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) 

200 Hz 

300Hz 

200Hz 

300Hz 

100Hz 

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 many 
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 
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-

Fig. 1. Waveform produced by adding 200 Hz sinusoid to 300Hz sinusoid has a repetition 
rate of 100Hz, although there is no fundamental component at this frequency. 

x(t) 

R1'11= xlt)  it-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=0. 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 indicates 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(0) >  p(t) . 

That is, if the normalized 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 Daniloff4 and by Fast16. 
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. 

05 

04 

0.3 

10  20  30 
-c(ms) 

40 

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). 
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R(T) 

(a) Sine wave 

(cl White noise 

(e) White noise passed through 
ideal Gaussian filter 

(b) Square wave 

Id) White noise passed through 
'ideal' frequency domain filter 

(f ) White noise passed through 
simple RC filter 

Fig. 3. Autocorrelation functions of various signals. 

Arbitrary waveform applied to 
inpui 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 • 

  e. 

Fig. 5. Knowing the step response of a network the response to au 
arbitrary input waveform can be found. 
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(a) Ideal requei 
domain filter 

(b) 3rd order 
Butterworth filter 

The sensation of pitch becomes more 
definite as the slope of a sharp cut-off filter 
is increased. Rakowski' has reported expe-
riments with filters having slopes of 15, 50 
and 150dB/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 
15dB/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 descriptions 
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 

TIME DOMAIN 

FREQUENCY DOMAIN 

(c) Ideal Gaussian filter (d) 3rd order 
Laguerre -Gaussian filter 

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 literature". 

Design criteria 
Basically, there is a need 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. 
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e 

(e) Simple RC filter. 

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 10dB 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 

Vout 

Vin 
=exp [ f f3dB  1°g2e2 
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R3=0 

22k 

47k 

100k 

220k 

Fig. 7. Amplitude response curves for a simple variable slope 
filter (after Leakey, ref. 9). 

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 to 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 frequencies ringing is 
noticeable, below about 600Hz this effect 
subjectively disappears. The design of 
high-pass filters can be ased on conven-il 
tional frequency-domaiic . considerations.' 
For example, a typical rumble filter might 
have a third-order Buttlerworth response 
with a —3dB frequencm of 24Hz, giving 
ldB drop at 30Hz.  1 

** Research into the effect, of similar transfer 
functions in introducing audible coloration has 
been carried out at the University of Surrey by 
J. M. Bowsher and K. Moulana. 

Fig. 8. In variable low-pass filter overall response is the sum of a 
first-order and a variable second-order response. 

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 evidencel° 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. 

- 

20 
40 
6 
80 
100 

111 

\ 

1 2 5 10 20 3 

Fig. 9. Amplitude response of the variable low-pass filter. 
Parameter n is percentage potentiometer rotation. 

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 C5 bypass r.f. with-
out affecting amplitude response. For best 
results the source resistance should be low, 
preferably less than 100f2,, but up to ikn 
is permissible if R1 value is reduced to 
compensate. A load resistance of 4.7 kft 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 noise from the control potentiome-
ter. As a single potentiometer is used per 

1220p 1. 
740V T 100n 

+  + 

1- 
1BOn  160n1180n 

*  3l(3 

8k2 

56k 

R1 + 

1001< 

Fig. 10. Variation of cut-off frequency with potentiometer setting 
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 -15dB at 15 Hz 
+15 dBnn (4.4V r.m.s.) at any frequency 
-93dBm max. (measured in noise band-
width 20 Hz to 20 kHz, input shorted) 
-0.5 dB at 1 kHz 
4.7 kft (but see text) 
10012 (but see text) 
0.1 % t.h.d. at any frequency and input 
level up to +15dBm with 4.7ka load 

4n7 

+ § 150k 

+30V 

* 5% or better 

9e BC184 or ZTX109C 

2 k 2 

OV 

 o 

gg, 11. Practical circuit for variable low-
pass filter and fixed high-pass filter. 
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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 

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 Al. The 
transfer function of this part, Vo/Vx, is 

1 + 2sC3R2(1 — AO+ s2C 2C 3R22 ( I —A 1) 

This has a natural frequency 

1 . 

and 

0.10-

R2VC2C3(1 —A1) 

Q= 1/V C2 
C3(1 —A1) 

As A1 increases, both wo and Q increase. The 
left hand part of the circuit has a response given 
by 

vx_Vi +S C lR lA lA2t) O 

1 + sC1R 

Combining the two transfer functions gives the 
overall function 

1 

vi /1-(XS-f-PS2-F-ys 

where 

.a=2C3R2(1 —A1)+CiRi(1 —A 1A2) 

p=e2c3R22-F2cic,RIR2x1 —A1) 

and • 

y = CiC2C3R23(1 —4 1) 

1. 

This is a third-order low-pass function with 
coefficients which depend on the variable Al. 
The minimum natural frequency occurs when 
A1 = 0. Suppose this is to correspond to a Bessel 
transfer function. Then 

1 
oe= _ 

cot 

Ski 

2770p 
986p 

y =  , 

filter 

+1  •  •  Ova 

which gives a —3 dB point at to = l.76 1. 
Normalizing to col = 1, R1 -= R2 = 1, gives Ci 
= 0.431, C2 = 0.541, C3 = 0.285, which can be 
substituted into equations 1. Now suppose a 
0.5dB ripple Chebyshev transfer function is re-
quired for the other extreme of Ai. Then 

2.53 
-  

w2 

2.44 

e-7.7 
2.30 

y = 

which gives a —3 dB point at to = 0.989(62. 
Comparing these coefficients with those of 
equations 1, three equations in the variables 
Ajmax , A2 and (.02/o4 = 5.65. 
Notice that the cut-off frequency range is now 

defined by the ratio 0.989w2/1.76wi = 3.18, 
which can be denormalized to give a range of 
6.28 to 20 kHz. 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 A1 is at its 
maximum gives a denormalized range of only 
11.8 to 20kHz. 
. The plot of log dut-off frequency 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 
C1 into two, C1' connected to earth and C1" 
connected to the output of A1, such that 

CI' =(1 —A2)Ci 

and C1" =42C1 

0.400  0.067  The final schematic circuit denormalized to an 
impedance level of 5.1 kf2 and an upper cut-off 

to'  frequency of 20kHz is shown in Fig. A2. 
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Designing with microprocessors 
10 — Concluding interrupt-driven circuits 

by D. Zissos and G. Stone Department of Computer Science, University 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 interrupted program to continue 
correctly. 
After the flag bits are stored in the accu-

mulator, 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=0, 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 
resumed 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 appropriate 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-

m. pu. 

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 
INTA. 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-

toring addresses is used by the Motorola 
68283. 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 signals 

.e / 
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OR 
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Fig. 2(a). Block diagram oían interrupt controller for-non-vectored interrupts. 
(ti) Accumulator contents prior to shift operation. (For Fig. 1 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, 
q2q1q0=010 when flag 2 is identified and 
q2q1q0=111 if flag 7 is present. The 
values of the modified address bits are also 
given in Fig. 8 which shows 

z1=q0  z3 = err 
z2=q1  z4=q2 

A priority encoder and inverter circuit is 
shown in Fig. 9. 

Restarts 
Restarts are one-byte instructions whose 
format is 1 lddd111 where ddd are varia-
bles. When this instruction is executed, 
the program counter is pushed on stack, 
and bytes 00000000 and 00ddd000. 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 00ddd000, 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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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 formed 
Following the Home Secretary's approval for 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 stafions 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 
loudspeaker 
For many years, whenever one read a review of 
a new loudspeaker, the 'standard' speaker used 
in a/b 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 that 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 source, 
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 an and this is al-

most purely resistive. It has a sensitivity of 
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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 nbars/V referred to 1M, which is 
86dB/2.83Vrms. The maximum input is 
10Vrms 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 dpen 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 and production design. 
Case studies are brought in to illustrate points 
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 of Industry. 
For course details and order form, write 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 

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 Ex-
change. Called Topic (Teletext Output of Price 
Information by Computer) it presents the latest 
stock market prices on 1500 stocks and shares 
and alscit company announcements, exchange 
rates, interest rates and commodity prices. But 
Topic is a one-way system, providing informa-
tion only to members of the Stock Exchange. To 
enable its stockbroker members to send private 
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 their clients. They 
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 the 
supply ,of hardware, but, perhaps most impor-
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 editing, 
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 into a local magnetic 
disc store. In the off-line case the contents of the 
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 Hambros Bank, claimed that 
one advantage of viewdata type information 
systems over earlier data processing systems was 
the familiar appearance of the viewdata termi-
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 orditiary 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 article 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' dc 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 
lumpy 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 gases 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-

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; Telefunken 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. 
That 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. 

After the crash 
When a mammoth 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 
ha& 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. 

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 WC1H 
9HR. 

Wilmslow Audio who supply loudspeakers and 
kits for loudspeaker designs, have moved to new 
premises at 35/39 Church Street, Wilmslow, 
Cheshire SK9 1 AS. Telephone: 0625 529599. 
One of their latest offerings is a range of 
Wharfedale kits, the E50, E70 and E90. The 

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 
5UQ. 

Zilog have announced 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. 

Ken Russell, newly appointed research and 
development manager of Rank Hi 

Inmos 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 660mW, which 
allows for high-density packing. It is the first 
commercially available product, claims hullos, 
to incorporate redundancy, allowing the re-
placement of memory cells. Currently manufac-
tured in the US, European production of the 
IMS1400 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. 

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. 

OVID isa s registered trade mark 

The Quad 
ESL-63 at Harrogate 
The Quad ESL-63 will be 

on demonstration at the 
Harrogate International 
Festival of Sound August 
15th-18th in the Duchy 
Room-Cairn Hotel. 

Complimentary tickets 
for demonstrations 
may be obtained in 
advance  HARRe erE 
by writing \ 
to or 
telephoning 
The Acoustical 
Manufacturing 
Co. Ltd., stating 
day and time preferred. 

Demonstrations will be 
held every twenty minutes 
from 11.00 a.m. to 7.40 p.m. 
on Saturday 15th and Sunday 
16th August and at the same 
times on Friday the 14th. 

WW  059 FOR FURTHER DETAILS 

Please note that the 
exhibition is not open on 
Friday the 14th, but by 
kind permission of the 
organisers we are opening 
a day early to give 
members of the public 

an opportunity 
to listen 
to the Quad 
ESL-63 in 
comparative 
tranquility. 

The Acoustical 
Manufacturing 
Co. Ltd., 

Huntingdon, 
Cambs., PE18 7DB. 
Telephone: (0480) 52561 

Doo 
for the closest approach 
to the original sound 

10101 
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REID10 fiND 
TELEVISION 
SERItlaNO 
1980-81 MODELS 
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 
• Essential service information—Television 
(Colour and Monochrome), Radio—(Portables, 
Clock Radios, Cassettes, In-car, Unit Audio, 
Record Players) 
• Latest design techniques described 
• Receiver adjustment and alignment 
• Manufacturers' recommended modifications 
Receiver makes covered in Radio and Television Servicing 
1980-81 Models: • 
Television Receivers (Colour and Monochrome) Alba, Bush, 
Crown, Decca, Dynatron, 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) 1973-74 (£6.50) 1974-75 
(£7.00) 1975-76 (£8.50) 1976-77 (£9.5d) 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 (les) 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 — 
E Access  E American Express 
E Diners Club  E Barclay Card 
My card number is   
Signature 
GIRO A/C No. 205/4221 
Name   
Address 

  Date   

Please allow 28 days for delivery 

MACDONAL-D) 
Macdonald & Co. (Publishers) Ltd. 

SAFGAN DT-400 Series 
BRITISH MAKE 

DUAL TRACE 'SCOPES 

DT-410, 10 MHz DT-412, 12MHz DT-415, 15MHz 

* CH1, CH2:5mv/diy-20y/diy  *Z-Modulation. 
*Time Base: 1 sec/div-10Onsidiv.  * CAL output ly IkHz. 
* XV Facility: Matched XV inputs.  * Graticule blue ruled 8x10 div. litin. CRT). 
*Trigger: Level control, ± Slope *Size: H215mm, W165mm,D280mm. 
selection.  * Weight: 4kg. 

* Auto, Normal, TV Triggering. 

PROBE (Xl-REF-X10) £10.50 

SAFGAN ELECTRONICS LTD. 
24 GUILDFORD ROAD, WOKING, SURREY 

TEL WOKING (04862) 69560 
(Goods + £6.50 parcel service + 15%) 

LONDON STOCKIST: AUDIO ELECTRONICS. TEL 01-724 3564 
NORTH-WEST STOCKIST: DAROM SUPPLIES, WARRINGTON, CHESHIRE. 

TEL WARRINGTON 64764   

W W049 —FOR FURTHER DETAILS 

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 PL19 OJF, ENGLAND 

Tel. Tavistock (0822) 5247. Telex: 45263 

W W047—FOR FURTHER DETAILS 
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Is radiation resistance real? 
A real resistance produces thermal noise and absorbs power, 

but does radiation resistance? And why does it depend on the ratio of 
aerial size to wavelength? 

by D. A. Bell, F.Inst.P., F.I.E.E. 

One is tempted to think of resistance as 
being a property of resistors, the latter 
being typified by lengths of wire of high 
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 that every-
thing which is capable of dissipating 
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 aerials. 
Starting with the work of Lorentzl using 
classical physics and continuing with Bak-
ker and Heller2 using quantum mechanics, 
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: 

Vàf= 4RkTdf  (la) 
Iâf=4GkTdf  (lb) 

Here n or /2df 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 technique 
of contour integration of a complex varia-
ble is that the mean-square of the total 
voltage or current (including components 
of all frequencies from zero to infinite fre-
quency) is 

Viot=kTIC 
IL= 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. 

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 1/2kT 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 à small slip of silvered glass 
on a quartz fibre. The angular movement 
of this mirror dorresponded 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 the 
x,y and z components of motion. An harmonic 
oscillator has two degrees of freedom corre-
sponding to the amplitude of oscillation and the 
speed with which it passes through the point 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" and 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. The impor-
tant point is that as this only depends on 
matching R to the Zo of the transmission 
line, anything which behaves circuit-wise 
as a resistance will satisfy the equation, 
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 atrnos-
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.) 

www.americanr d iohistorv.com 



74 WIRELESS WORLD AUGUST 1981 75 

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 R, to radiate power W, then 
i2Rr= W. There are then two methods of 
calculating R, 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 
) points on a sphere surrounding the aerial, 
and so by integration of the power density 
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 hlk where h is 
the length of aerial and X the working 
wavelength: for a straight wire with h«)+, 
R,=803t2(h/X)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 R, de-
pending on the ratio of size of aerial to 
wavelength. In the figure a current i=ic, 
sin(Itc/X)t is supposed to circulate round 
the loop, having the same phase at all 
points. The magnetic field adjacent to d/' 
but due to the current in d/ will be delayed 
by the time taken for it to travel between 
the two points and so will be slightly out of 
phase with the current in d/'. If there were 
no delay the e.m.f. induced in d/', propor-
tional to the rate of change of magnetic 
field, would be exactly in quadrature with 
the current and the effect would be des-
cribed as inductive; but the delay produces 
an in-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 R,=20n2(231a/k)4, Appendix 2. 
The radiation resistance of an aerial is, 

of course, the same for both transmission 
and reception. It satisfies both the essential 
criteria of a "real" resistance, namely that 
it is the seat of Johnson 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 loop might be questioned, but it is not 
essential. If the magnetic field at d/' is not later 
than the current at d/', because of the time 
taken for current to travel round the loop be-
tween the two points, then conversely the mag-
netic field at d/ due to current in d/' will be still 
further behind the current at d/; and provided 
the effects are small, which follows from postu-
lating that a« 190, the overall effect will be the 
same as though the current were in constant 
phase. 

which can be adlied to anything which 
satisfies the two criteria of fluctuation and. 
dissipation. 
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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. 

Appendix 1: Nyquist's transmis-
sion line 
Figure (a) represents a loss-free transmission 
line of finite length 1, open-circuited at its ends. 
This will support a standing wave of every 
wavelength such that 1 is an integral multiple- of 
3‘./2, and the number of such within a narrow 
frequency band df is 21dflc where c is 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 2kTdflc. 
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 Zo 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-

o  

o  
(a) 

00 .0 -

(b) 

(c/ 

Nyquist's formula for Johnson (thermal) 
noise is deduced from consideration of 
standing waves on a transmission line. 

tor having the respective values 

171-=4RkTdf 

iîf = 4 Gk Tdf. 

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 

d1=(dA/dt) . dl  (Al) 

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 e means 
"integral around the circle".) If the current in 
the loop is i=i0exp jwt equation Al leads to 

f e=jkoioexpjon(W4n)  exp(—jonlv) I . dl' 
r 

(A2) ' 

where the double integration -around the loop 
arises 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(—jwrIv)  by 
—sin( —wr/v). Now expand the sine as a series 
of powers of wr/v and discard the first power 
because division by r will make it constant and 

ee dl.d1'. 0. The cubic term is then the leading 
term and 

Ri=e1i  (04,2="  3 dl . dl'  (A3) 
43-t  3!v 

Now from the geometry shown above 
dl . df=d/  d/'=ac14, and r=2asinV2. 
Substituting these expressions in equation A3, 

—47t 

11, (04 JO 27a f 
R1—  ,  _ 4aisinl(d)/2)cosc>d/dc> 

1=0  4)=0 

(A4) 

Remembering that w/v=--2n/X and l.tv is "the 
intrinsic impedance of free space" which equals 
120zr,  equation  A4  evaluates  to 
Rr=20n2(23ta/X)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 
ignition systems, but 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 

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 
with it could be determined, to give a 
suitable performance criterion. 

Cross-correlation 
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(1), a function of their product, is then 

summed over a time T. A continuous train 
of such outputs may be formally stated as: 

R ihriii 1 1 T . . 
4'0= T_> co t o j(t)t(t+T)dt 

a cross-correlation function. t 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 Rii(0) 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 

0 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. 
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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 

ignition 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° resolution, correlation 
will be complete. Any spread in either the 
instant of triggering or, alternatively, of 
gap-breakdown exceeding 1°, 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. 
Provision is actually made for this in the 
correlator. The angular resolution is deter-
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Fig. 2. Waveforms of the cross-correlator 
indicated 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° resolution, only 
180 slots are required on the chopping 
disc. 
The inhibit pulse cannot be used 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 must 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 ti, is applied 
to the Exclusive-OR input in the absence 
of a coincident counter 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 13 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 initially 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 angle 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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d ) 
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L _ 
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to 350° with 1.8 MI resistors connected 
across the +5V supply to ground at each of 
the nine encoder outputs. Each output is 
applied to an inverting buffer whose out-
put is again inverted for enabling each of 
the nine parallel two-input NAND and 
NOR gates connected to the comparator 
collectors in Fig. 1. 
The correlator operating waveforms are 

shown in Fig. 3. Waveform (h) is the out-
put of the single three-input NAND gate 
used for inhibiting the comparator input of 
Fig. 2 and, when inverted, for gating the 
ignition trigger or plug gap-breakdown 
pulse in Fig. 1. Its trailing edge is 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 leading 
edge occurs at reset, that is, at the leading 
edge of (e) inverted. 
Waveform (i) is a test pulse obtained by 

locating a light source and detector at the 
157th slot; an output is obtained when the 
reference aperture below the 180th slot 
passes through this position. This test 
pulse is amplified and gated 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 measure of the disc speed. 
By applying the derivative of (h) to the 

set (or preset) terminal of a J-K master-
slave SN7472N flip-flop and (f) to its reset 
(or clear) terminal, a bistable output (1) 1° 
wide and independent of speed is available 
for strobing the final NAND gate of the 
correlator. This permits the frequency 
distribution of its output to be scanned at 
the 1° angular resolution of the correlator, 
instead of obtaining a cumulative distribu-
tion having a point of inflexion difficult to 
determine 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 ignition 
systems being tested should also be inde-
pendent of angular velocity perturbations, 
particularly when using different distribu-
tors and an encoder reference. The distri-

Monostable 
T3 

le) 

(cl 
D o 

  Binary counter 
reset 

4- 360 
counter 

(f) 

77 

I h) 

Binary 
counter 
input 

Fig. 3. Reference circuit for cross-correlator. See Fig. 2 for waveforms indicated by letter 
symbols. 
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Fig. 4. Veloclyne speed control system. 
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Fig. 6. Circuit for proportional and integral control. 

V1 030V 
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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. Variations in dwell and 
ignition timing through spring inertia and 
contact bounce, heel wear, points erosion 
and mechanical imperfections could be 
comparable with the timing over 1° at 
speeds approaching 3000 r.p.m., without 
being aggravated by velocity perturba-
tions, which also affect the kinetic energy 
of the system. 

To meet this requirement for constant 
speed, an electro-mechanical or velodyne 
speed control system, in which speed of 
rotation is held closely proportional to an 
input voltage by feedback methods, was 
used with a conventional six-way distribu-
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-
wately 35 r.p.m. using the constants of a 
modified Type 73 AP11084 velodyne with 
control amplifier gain G=306mA/V. That 
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 
=irt/1/1 —V, where the damping factor 
ip =0.2. 

Alternative gating 
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 ignition 
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; anct 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) distributor 
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 clue to distri-
butor contact bounce and inertia as well as 
spring inertia. The use of a 22kil 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) -which 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° resolution. It could be 
tested without a synthesized trigger pulse 
by enabling waveform (j) in Fig. 1, with a 
5V 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 
range. The results are confirmed 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 thé 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-
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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, fgr 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 dinection exceeding the 
threshold level. The encoder effectively 
converts the continuous electronically-
scanned omnidirectional surveillance radar 
receiver into one with a variable scanning 
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 thumbwheel 
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 50mA at 28V. 
d.c. (resistive load) with a contin-
uous rating of between 100µA and 
10mA. Contact resistance is 25Omn 
maximum and insulation resistance 
at 250V d.c., 100M,S1. 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. Cosmocord Ltd, Eleanor 
Cross Rd, Waltham Cross, Herts. 

W W301 

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 

£617 and 2215 at £785 both have 
50MHz bandwidth, 2mV sensitiv-
ity and dual trace. Basic differences 
between the two are that the 2215 
has a dual timebase and calibrated 
delay, whereas the 2213 has a single 
timebase and uncalibrated 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 6.1kg each. For sen-
sitivity settings above 20mV/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. 
W W302 

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 

W W302 

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, Cambs 
PE17 4I1J. 
W W303 

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 1.e.ds distributed 
round the board show the states of 
lines between these sections and at 
the eight iios. 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 ra m. Each unit costs 
around £66 and requires an external 
5V supply. Unilab Ltd, Clarendon 
Rd, Blackburn, Lancs BB1 9TA. 
W W304 

Low-power r.a.ms 
Two 256 X 4-bit c.ni.o.s. static 
r.a.ms with 501.1W power consump-
tion in standby mode are available 
from Rapid Recall. The IM65X51 
has 22 pins and separate i/o 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 10.5V 
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 
HP11 2ER. 
W W305 

Frequency counter 
An eight-digit 10Hz to 150MHz 
counter for measuring frequency, 
period and r.p.m. is available 
through Telonic Berkeley. The 
1Mil resistance frequency/period 
input of the Kikusui 255 has 20mV 
sensitivity and automatic limit 
control when measuring large sig-
nals. Gate times are 10, 1, 0.1 and 
0.01ns for frequency measurement 
and 60, 0.6, and 0.06s in tachome-
ter mode for measuring up to 
100,000 pulses/s. Periods from 
100ms to Ins can be measured. The 

10MHz time-base, a t.t.l. compati-
ble output of which is available at 
the rear of the unit, is stable to 
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 /month maximum at £265 plus 
v.a.t. The 255 costs £200 plus v.a.t. 
Telonk Berkeley UK, 2 Castle Hill 
Terrace, Maidenhead, Berks SL6 
4JR. 
W W306 

Electro-plating 
repair kit 
Small-area breaks, wear and 
blemishes in plated surfaces can be 
repaired using a unit from Automa-
ted Production Equipment along 
with plating solutions supplied by 
the same company. The SRS-069 
unit is basically a variable voltage-
regulated/current-limited power 
supply designed to provide power 
for twQ brush-tipped probes, one 
for cleaning the surface to be re-
paired and one for applying the 
plating solution. A third pointed 
probe provides the earth return 
from the surface. Various plating 
compounds are available for use 
with the unit, including gold, 
nickel, copper, aluminium, tin-lead 
and tin. Automated Production 
Equipment Corp, 142 Peonic Ave., 
Medford, NY 11763, USA. 

W W307 

Industrial controller 
Smallest in a range of industrial 
microprocessor controllers from 
EME is the TIM 01 for use in 
timing and sequencing applica-
tions. Four debounced 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 
customers' requirements and 
housed with screen printed legend 
,can be supplied. EME Ltd, 5 Port 
Hill, Hertford, Herts SG14 1TJ. 
W W308 

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 

W W306 

W W307 

W W308 

W W309 

be used with four levels of digital 
hierarchy at up to 50Mb/s. With 
the 3781A, errors can be injected 
singularly or at 1 in 10-3 or 1 in l0-
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 75(1 un-
balanced and 12on balanced 
pseudo-ternary outputs 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 and seconds 
between errors over various gating 
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, Wokingham, Berks. 

W W309 

V.h.f./h.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-order input intercept 
typically -6dB. Separate gain con-
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 the 
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-metre' 
transceivers or v.h.f. scanners. Da-
tong Electronics Ltd, Spence Mills, 
Mill Lane, Bramley, Leeds LS13 
iHE. 
W W310 
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Ilà  

OZEM lin 
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 instrection 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 they 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. 

ere 
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 
any 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 1.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 cot 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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2N3705  0.10 
2N3706  0.10 
2N3707  0.10 
2N3708  0.10 
2N3711  0.10 
2N3773  3.00 
2N3819  0.20 
2N3866  0.60 
2N3903  0.15 
2N3904  0.15 
2N3905  0.18 
2N3906  0.18 
2N4037  0.60 
2N4058  0.11 
2N4061  0.16 
2N4062  0.16 
2N4125  0.20 
2N4143  0.20 
2N4250  0.18 
2N4400  0.10 
2N4402  0.10 
2N4403  0.12 
2N4416  0.50 
2N4441  1.00 
2N4443  1.10, 
2N4900  1.50 
2N4922  0.50 
2N5060  0.20 
2N5088  0.20 
2N5105  0.50 
2N5195  0.40 
2N5298  0.50 
2N5447  0.09 
2N5449  0.09 
2N5458  0.30 
2N5485  0.34 
2N5486  0.30 
2N5490  0.50 
2N5496  0.70 
2N5551  0.15 
2N6109  0.44 
2N6123  0.40 
2N6386  0.90 
2SC1172 1.50 
2SC1306 1.00 
2SC2028 1.00 
2SC2029 2.00 
2SC2078 1.70 

DIODES 
AÁ119 
BY127 
BY206 
BY210 
BY254 
BY298 
BY299 
BYX10 
BYX36-150 
0A47 
0A81 
0A85 
0A90 
0A91 
0A95 
0A200 
0A202 
1N914 
1N4148 
1N4001 
1N4002 
'1N4003 
1N4004 
1N4005 
1N4006 
1N4007 
1N5401 • 
1N5402 
1N5403 
1N5404 
1N5405 
1N5406 
1N5407 
1N5408 

0.06 
0.10 
0.14 
0.50 
0.20 
0.50 
0.50 
0.21 
0.20 
0.10 
0.10 
0.12 
0.07 
0.07 
0.07' 
0.09 
0.09 
0.35 
0.03 
0.04 
0.06 
0.06 
0.06 , 
0.05 
0.05 
0.06 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 
0.14 

SOLDERING 
IRONS 
WELLER 

MARSKMAN 
15W  £4.00 
25W  £4.00 
40W  £4.80 

WELLER CORDLESS 
100W  £23.90 

LOW PROFILE 
D.I.L. SOCKETS 
14 PIN 
16 PIN 
18 PIN 
20 PIN 
22 PIN 
24 PIN 
28 PIN 
40 PIN 

0.09 
0.10 
0.14 
0.16 
0.20 
0.20 
0.22 
0.28 

1.M323K 
LM324N 
LM340T12 
LM348 
MC1307P 
MC1310P 
MC1327P 
MC1330 
MC1355 
MC231B 
ML232B 
SAS560S 
SAS570S 
SAS580S 
SAS590S 

5.00 
1.20 
0.70 
1.00 
1.00 
1.00 
0.90 
1.00 
1.00 
1.50 
1.50 
1.50 
1.50 
220 
2.20 

SN76003N 
SN76013N 
SN76023N 
SN76110N 
SN76227N 
SN 76660 
TAA550I3 
TAA621AX1 
TAA661A 
TAA6616 
TBA120B 
TBA120SB 
TBA120S 
TBA120AS 
TBA520 

1" I • C •s LINEAR PeA'99P, lio   
1.10 
0.70 
1.00 
0.50 
0.20 
0.70 
2.00 
0.90 
0.60 
0.60 
0.60 
0.60 
0.90 

TBA5300 
TBA540 
TBA5400 
TBA550 
TBA550Q 
YBA5600 
TBA570 
TBA750AQ 
TBA800 
TBA810S 
TBA810AS 
TBA820 

Imo  TBA9900 
0.90  TCA270 
0.90  TCA270S0 
1.20  TCA800 
1.20  TDA440 
1.20  TDA1004A 
1.00  TDA1170 
1.70  TDA1190 
0.60  TDA1327 
1.00  TDA1352 
1.00  TDA1412 
1.00  TDA2020 

1 20 
1.50 
1.30 
1.30 
0.60 
1.00 
1.20 
1.75 
1.70 
1.80 
2.00 
1.20 
1.20 
0.80 
2.00 

TDA2030 
TDA2522 
TDA2523 
TDA2530 
TDA2532 
TDA2540 
TDA2541 
TDA2560 
TDA2581 
TDA2593 
TDA2600 
TDA2640 
TDA3950 

2.50 
1.50 
1.50 
1.40 
2.00 
1.50 
2.00 
2.00 
1.20 
2.40 
2.90 
2.40 
2.00 

ICs DIGITAL 

4001BP 0.15 
4007  0.15 
4011  0.15 
4013  0.30 
4016  0.30 
4028  0.40 
4049  0.28 
4052  0.40 
4053  0.56 
4066  0.30 
4069  0.16 

4070 
4071 
4075 
4082 
4501 
4502 
4511 
4515 
4516 
4518 
4583 

0.20 
0.20 
0.20 
0.20 
0.20 
0.45 
0.68 
1.50 
0.65 
0.60 
0.65 

AC SPEED CONTROL 
MODULE FOR HOOVER 
WAS FA1,11G/M C 

DC SPEED CONTROL 
MODULE FOR HOOVER 
WAS HING/M C 

MAINS 
TRANSFORMERS 
15-0-15V 
0.9V 3 AMPS £4.00 ea. 

EAGLE TD83 
TAPE 

DEMAGNETISER 
£2 .50 

BZY88 SERIES 
2V7-30V  0.06 

BZX61 SERIES 
4V7-75V  £0.13 

TRANSISTOR DATA 
EQUIVALENT BOOKS 

TVT 80/81 2/SET 
£8.00 

SPEED 
ADJUSTMENT 

CASSETTE  £17.00 

BSR P170 
SEMI-AUTOMATIC 

SINGLE PLAY DECK 
£12.00 

SONOTONE 
CARTRIDGE 

9TA-G  £1.00 

10 AMP MAINS 
FUSES 

PKT 10 £0.70 

STANTON 500 EE 
CARTRIDGE 

£12.00 

EAGLE TEST 
LEADS TL60 

£2.00 
TL64  £2.00 

Minimum order £5 Trade & Export Enquiries Welcome 

HE. LTD., ELECTRON HOUSE, CRAY AVENUE, ST. MARY CRAY, ORPINGTON, KENT 
TELEX 896141, TEL: 0689-27099 

Please add 30p P&P (UK only)  15°. VAT 
Accounts can he arranged for regular customers, colleges, 

schools, etc. welcome 

WW - 065 FOR FURTHER DETAILS 
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ANDIS COMPONENTS 
DEVICE PRICE 

2650 FAMILY 
2650A 
2651 
2652 
2653 
2661-1 

10.00 
10.90 
18.35 
9.00 
12.00 

6100 FAMILY 
6100 
6101 
6102 
6103 
6402 
6403 

9.25 
6.40 
17.75 
6.75 
3.80 
6.50 

6800 FAMILY 
6800 
6802 
6808 
6810 
6821 
6840 
6850 
6852 
6854 
68047 
68488 

74 LSOO 
74LSO1 
74LSO2 
74LSO3 
74LSO4 
74LSO8 
74 LSO9 
74LS10 
74LS11 
74LS12 
74LS13 
74LS14 
74LS15 
74LS20 
74LS21 
74LS22 
74LS27 
74LS29 
74LS30 
74LS32 
74 LS33 
74LS37 
74LS38 
74LS40 
74LS42 
74LS43 
74LS44 
74LS47 
74LS51 
74LS54 
74 LS55 
74LS73 
74LS74 
74LS75 
74LS76 
74LS78 
74LS83A 
74LS85 
74LS86 
74LS90 
74LS91 
74LS92 
74LS93 
74LS95 
74LS107 
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 

DEVICE  PRICE 

8080 FAMILY 
8080A 
8085A 
8155 
8156 
8212 
8216 
8224 
8226 
8228 
8238 
8251 
8253 
8255A 
8257 
8279 
TM S5501 

3.50 
8.00 
8.75 
8.75 
1.95 
1.80 
2.25 
1.80 
5.50 
5.50 
3.85 
9.00 
3.55 
7.95 
10.50 
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 S10-017.50 

74LS SERIES TTL 
74LS112 
74LS113 
74LS114 
74 LS122 
74LS123 
74LS124 
74LS125 
74LS126 
74LS132 
74LS136 
74LS137 
74 LS138 
74L51 39 
74LS145 
74LS147 
74LS148 
74LS151 
74L51 53 
74L51 55 
74L51 56 
74LS157 
74LS158 
74LS160 
74L51 61 
74L51 62 
74LS163 
74LS164 
74LS165 
74LS166 
74LS170 
74LS174 
74LS175 
74LS181 
74LS183 
74LS190 
74LS191 
74LS192 
74LS193 
74LS194 
74LS195 
74LS196 
74LS197 
74LS221 
74LS240 
74LS241 
74LS242 

0.25 
0.25 
0.25 
0.42 
0.59 
1.15 
0.30 
0.30 
0.50 
0.27 
0.75 
0.40 
0.40 
0.80 
1.20 
1.08 
0.42 
0.42 
0.55 
0.55 
0.38 
0.38 
0.45 
0.45 
0.45 
0.45 
0.62 
0.95 
1.40 
1.50 
0.72 
0.71 
1.45 
1.96 
0.60 
0.60 
0.65 
0.65 
0.65 
0.60 
0.65 
0.65 
0.60 
1.10 
1.10 
0.85 

DEVICE  PRICE  

Z80 SIC-1 17.50 
Z80 S10-2 17.50 
Z80 S10-9 11.50 
Z80A S10-0 23.50 
Z80A S10-1 23.50 
Z80A S10-2 23.50 
Z80A S10-9 15.50 

9900 FAMILY 
9900 
9980A 
9981 
9901 
9902 
9903 
9911 
9914 
9927 

32.50 
20.00 
29.30 
9.94 
8.52 
25.55 
28.46 
19.29 
27.39 

ME MORIES 
2101 
2102 
111 
2112 
2114 
2708 
2708-4 

74LS243 
74LS244 
74LS245 
74LS247 
74L5251 
74L5253 
74LS257 
74LS258 
74LS261 
74LS266 
74LS273 
74 LS279 
74LS280 
74L5283 
74LS290 
74 LS293 
74LS295 
74LS298 
74L5299 
74L5365 
74LS366 
74LS367 
74 LS368 
74LS373 
74LS374 
74LS377 
74 LS 378 
74LS379 
74LS386 
74LS393 
74L5395 
74LS668 
74LS669 
74LS670 
81 LS95 
81 L596 
81 L597 
81 LS98 
8T26A 
8T28 
8T95 
8T96 
8T97 
8T98 
8T125 
8T245 

1.15 
1.15 
1.25 
1.35 
3.25 
3.45 
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 

'Immillniffieviilatimieurage m mer muThe e 

The Ultra-capacity with ''Computer Talk" programming via upper and lower 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 9 levels. 
*33 parentheses. 
* Ultra high-speed. 

RRP £84.95 

ONLY f74.95 

. , 
* LCD alpha/numeric (dot matrix) scrolling display with 95 characters. 
* Variable range of input capacity from 32 program steps with 88 independent 
memories, to 512 steps with 22 memories. 

* Memory and program retention when switched off. Password protection. 
* UP to 10 pairs of unconditional jumps (GOTO). Manual jump (GOTO). 
* Conditional jumps and count jumps. Indirect addressing. 
* Up to 9 subroutines. Nesting possible up to 9 levels. 
* 50 built-in scientific functions, all usable in programs. 
* PAM (Perfect Algebraic Method) with 33 parentheses at 11 levels. 
* An almost infinite 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 
saving Auto Power Off approx. 6 minutes after last operation. 

* Dimensions: 9.6 x 71 x 141.2mm 13/ein. X 23/4in. x 51/2 in). Leatherette wallet. 

Send 20p for details of Casio's best selling products including:EX3500P. 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. 
VI-1 (As seen on Tomorrow'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. Send cheques, P.O. or 
telephone your ACCESS or BARCLAYCARD number to:. 

tir /re  Dept. W W, Beaumont Centre, 164-167 East Road 
Cambridge CB1 1DB. Tel: 0223 312866 

( e---- TI O WER TRANSISTORS - EX-STOCK 
TYPE  £  TYPE  £  TYPE 
283137 
283375 
283553 
283632 
2N3733 
283866 
283924 
284040 
284041 
284127 
284128 
284129 
2N4427 
284,129 
284430 
284431 
2N4932 

1.88 
5.27 
1.09 
6.03 
6.13 
0.92 
1.66 
9.29 
10.97 
9.18 
11.03 
12.08 
1.15 
7.90 
10.04 
12.50 
5.50 

284933 
,24a 5070 

-"-- 285071 
285090 
285102 
285590 
285591 
285641 
285642 
285643 
285913 
286080 
286081 
286082 
286083 
286084 

7.80 
10.09 
12.10 
8.44 
9.44 
7.85 
10.21 
4.68 
7.25 
12.58 
2.34 
5.94 
9.87 
10.17 
11.08 
12.27 

BLX13C 
BLX14 
BLX65 
BLX66 
BLX67 
BLX68 
BLX69A 
BLX91A 
BLX92A 
BLX93A 
BLX94A 
BLX95 
BLX98 
BLY33 
BLY34 
BLY35 
BLY36 

COM MUNICATION TUBES 
TYPE 

4-65A 
4-125A 
4-250A 
4-400A 
4-1000A 
4C52509 
4CX350A 
4Cx1500A 
4CX1500B 
4X1 50A 
4X500A 
58254M 
58255M 
6F33(AEL) 
12E1 
13E1 
5763 
6080 
6146A 
6146B 

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 

TYPE 

15.05  BLY53A 
28.73  BLY53AP 
1.67  BLY55 
4.91  BLY83 
5.41  BLY84 
7.29  BLYS5 
21.15  BLY87A 
8.84  BLY87C 
13.06  BLY88A 
19.19  BLY88C 
35.79  BLY89A 
44.59  BLY89C 
84.95  BLY91A 
1.87  BLY91C 
1.07  BLY92A 
7.50  BLY92C 
6.60  BLY93A 

BLY93C 

EX-STOCK 

6155/0Y3-125 
6155/0Y3-125(AEL) 
6156/0Y4-250 
6883B 
7527/QY4-400 
7854/YL1060 
8042 
A2426 
QQV03-10 
QQV03-10(AEL) 
QQV03-20A 
QQV03-20A(AEL) 
CKIV06-40A 
QQV06-40A(AEL) 
QQV07-50 
CA/08-100 
QY5-3000A 
1BL2-300 
TT21 
TT22 

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 NO W FOR PRICE LISTS SHO WING QUANTITY DISCOUNTS 

AIEL 
..EXPORT SPECIALIST 

SEND FOR DETAILS TO 
AERO ELECTRONICS lAELi LTD 
GATWICK HOUSE 
HORLEY SURREY. ENGLAND 
TEL 10293415353 
TELEX 87116 IAERO Gi 
CABLES AERO G TELEX HORLEY 

W W - 064 FOR FURTHER DETAILS 

BSR DE LUXE AUTOCHANGER 
Plays 12", 10" or 7" records,  --  , 
Auto or Manual. A high qual-
ity unit backed by BSR relia-
bility. Stereo Ceramic Car-
tridge. AC 200/250V. Size 131/2  ; 
X 11 Vain. 3 speeds. Above , 
motor board 33/4 in. Below ./ I t 
motor board 21/2in. with Cera-
mic Stereo cartridge. 

Ready cut Mounting 
£20 Post £2  Board £1 extra 

HEAVY METAL PLINTHS Post £2 
Cut out for most BSR or Garrard decks. 
Silver grey finish. Size 16x133/4in.  .  £4 
WOOD PLINTH, TEAK EFFECT Size 15 x 15 x 3in. 
with board cut for B.S.R. (Post £1)  £4 
PIONEER and J.V.C. TEAK VENEERED PLINTH Post £2 

19 X 141/2 in. with Plastic Cover 173/4 x 13in  £10.50 
TINTED PLASTIC COVERS  Post £1.50 
Sizes: 141/2  x 121/2  x 3in. £4. 181/4  x 121/2  X 3in. £6 
18 x 131/4 x 4in. £6. 171/4 x 91/2  x 31/2 in. £3. 

BSR SINGLE PLAYER DECKS 
BSR P200 2 speeds flared 
aluminium turntable  ,a«e' 
"S" shape arm, cueing device, 

Less cartridge £27  •e -. . .... 
Belt Drive  Post £2. 
BSR P172 RIM DRIVE 

QUALITY DECK '''''•Manual or automatic play. Three speeds.  '  ''''''alita;! 

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. Only £1 extra. 

GARRARD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and Dia-
round Stylus, 3-speeds. Manual and Auto Stop/Start. Large Metal 
Turntable. Cueing Device and Pause Control. Ready cut mounting 
board £1 extra. 

"  £22 Post £2 

BATTERY ELIMINATOR MAINS to 9 VOLT D.C. 
Stabilised output, 9 volt 400 ma. U.K. made in plastic 
case with screw terminals. Safety overload cut out. Size 
5 x 31/4 x 21/2 in. Transformer Rectifier Unit. Suitable 
Radios, Cassettes, models, £4.50. Post 65p. 

DELUXE SWITCHED MODEL STABILISED VOLTAGES 
3-6-71/2 -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-8UILT 800 watts plus Photo Electric 
Sunset "On" feature Front plate fits standard box, £4. 

ECHO CHAMBER or 
Good quality unit with end-
less play tape cartridge. 
Stationary play heads ensure 
good reproduction and echo 
variance is achieved by 
changing tape speed. Input 
imp:  50k and 600 ohms. 
Power: 240 volts A.C. 

£68. Post £2. Spare tape £5. 

REVERB 

.,  t, a 

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. All 21/2 in. deep. 18 swg 
ANGLE ALI. 6 x 3/4  x ,74in. 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 ALP BOXES IN STOCK. MANY SIZES 
ALUMINIUM BOXES. 4 x 4 x 11/2 f 1. 4 )< 21/2  x 2 £1. 3 x 2 x 
1 80p. 6 x 4 x 2 £1.30. 7 x 5 X 21/2  £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. All 18swg. 
BRIDGE RECTIFIER 200V PIV 4 ampi £1.50. 8 amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p. 
RESISTORS. 10f1 to 10M. 1/4W, 1/2 W, 1W, 1p: 2W 10p. 
HIGH STABILITY. 1/2 w 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. SC8 High £2. 
PHILIPS PLUG-IN HEAD. AU 1020 (G306 - GP310 - GP233 - 
AG3306 - AG3310) £2. 
LOCKIITE SEALING KIT DECCA 118. Complete £1. 
SOLDERING IRON 240V 40W. 5mrn bit £2.95. 
JACK PLUGS Mono Plastic 25p; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal Hp. 
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 
516/ to 2MS-1. LOG or LIN. L/S 50p. DP 90p. Stereo LIS 
£1.10. DP £1.30. Edge Pot 5K. SP 45p. Sliders Mono 65p. 
Stereo 85p. 

, _. 
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MINI-MULTI TESTER 
Deluxe pocket size precision moving 
coil instrument. Impedance + Capacity 
- 2000 o.p.v. Battery included. 
11 instant ranges measure: 
DC volts 10, 50, 250, 1000. 

i 

AC volts 10, 50, 250, 1000. 
DC amps 0-100mA. 
Continuity and resistance to 1 meg 
ohms in two ranges. 

„ „..,   De-Luxe Range Doubler Model, 
I tD.DU  Post 65p 50,000 o.p.v. £18.50. 7 x 5 x 2in. Post £1 

NEW PA EL METERS £4 
5Opta 100)la 500m.a, 
lma, 5ma, 50ma, 100ma, 
25 volt, 50 volt, VU Meter: 
Facia 23/8 x 13/4  x 11/2in. 
Fixing hole 11/2in. dia. 

7,,, 7%,,,,7,„, 
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Lighting kit 6 or 12v 90p extra. 
1ma (240° scale) 21/4in. sq. £5  Post 65p 

RCS SOUND TO LIGHT CONTROL KIT 
Kit of parts to build a 3 channel sound to light unit ri  5 
1,000 watts per channel. Suitable for home or disco.11- I 
Easy to build. Full instructions supplied. Cabinet  Post 95p 
£4.50 extra. Will operate from 200MV to 100 watt signal. 
200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco 
Lights, Edison Screw, 6 for £4, or 12 for £7.50. 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 
available: Mono, £14; Stereo, £20. Post 65p. Specification 
10W per channel; input 100mV; size 91/2  x 3 x 2in. approx. 
SAE details. Full instructions supplied. AC mains powered. 
Input can be modified to suit guitar. 

RCS STEREO PRE-AMP KIT. All parts to build this pre-amp. 
Inputs for high, medium or low imp per channel, 

with volume control and PC Board  £2.95 
Can be ganged to make multi-way stereo mixers  Post 65p 

MAINS TRANSFORMERS  Post 
250-0-250V 70mA, 6.5V, 2A  £4.50 £2 
250-0-250V 80mA, 6.3V 35A, 6.3V lA  £5.00 £2 
350-0-350V 250mA, 6.3V 4A, 4A CT, 5V 2A  £14.50 £2 
300-0-300V 120mA, 206.3V 2A CT.; 5V 2A  £10.00 £2 
220V 45mA, 6.3V 2A  £2.50 Li 
GENERAL PURPOSE LO W VOLTAGE 
Tapped outputs available 
2 amp. 3, 4, 5, 6, 8, 9, 10, 12, 15, 18, 25 and 30V  Moo £2 
1 amp. 6, 8, 10, 12, 16. 18, 20, 24, 30, 36, 40, 48, 60  Moo £2 
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, 18, 20, 24, 30, 36, 40, 48,60  £12.50 £2 
5 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60  £16.00 £2 
12V, 100mA  £1.30 80p  20V, 40V, 60V, la  £4.00 £2 
12V, 750mA  £2.00 80p  12V, 3a  £3.50 £1 
10-0-10V 2e  £3.00 £1  10V, 30V, 40V, 2a  £3.50 £1 
30V, 5a and  2 of 28 volt la  £5.00 £2 
17-0-17V 2a  £4.00 £2  20V, la  £3.00 £1 
0.5, 8, 10, 16V, 1/2a £2.50 80p  20V-0-20V, la  £3.50 £1 
9V, 3a  £3.50 El  9-0-9V 5Orna  £1.50 80p 
25-0-25V 2a  £4.50 £1  2 of 18V, 6a  £11.00 £2 
30V, 11/2 a  £3.50 £1  12-0-12V, 2a  £3.50 £1 
6V 1/2a  £2.00 El  9V, 1/4a  £1.50 80p 
15-0-15V, 2e  £3.75 El  32-0-32V, 61/20  £11.00 £2 
AUTO WOUND 115V to 240V 150W £8  400W £10  6DOW £12 £2 

CHARGER TRANSFORMERS  -  RECTIFIERS 
Post  Post 

6-12 volt 3a  £4.001- £2  6-12 volt 2a  £1.10 -,80p 
6-12 volt 4a  £6.50_,. £2  6-12 volt 4a  £2.00,80p 

OPUS COMPACT 
SPEAKERS 
FLUTED WOOD FRONTS  , 
TEAK VENEERED CABINET 
11x 81/2x7in 15 watts 
50 to 14,000 cps. 4 ohm or 8 ohm 

£20 pair Post £2 
LOW VOLTAGE EL ECTROLYTICS  ALL 10p 
1 mf, 2 mf, 4 mf, 8 mf, 10 mf, 16 mf, 25 mf, 30 rnf, 50 mf, 100 
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47 
mf/ 10 v; 50 mf/ 6 v; 68 mf/ 6v/10v/16v/ 
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v; 220 
mf/4v/10v/ 16v; 330 mf/4v/10v; 500 mf/6v; 680 
mf /6v/10v/ 16v; 1000 mf /2.5v/4v/10v; 1500 mf/ 
6v/10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 
4700 mf/4v. ALL 10p. 
500mF 12V 15p; 25V 20p; 50V 30p. 
1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p. 
2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 76V 80p. 
2500mF 50V 70p; 3000mF 50V 65p; 2000mF 100V £1. 
4500mF 64V £2. 4700mF 63V £1.20. 2700mF/76V £1. 

8/800V  £1.20 8+16/450V  75p 100+100/275V  65p 
8/450V 45p 8+8/450V  75 P 32+32+16/350V 90p 
HIGH VOLTAGE ELECTROLYTICS 

5705p 220/450V 
P 150+200/275V  70p 3126//530500VV  7455pp 3220+3220//435500VV 

95p 
32/350V  50p 32+32/500  £1.80 80+40/500V  £2 
50/500V  £1.20 50+50/300V  50p  • 

VALVE OUTPUT Transformers (small) 90p. 
TRIMMERS 10pF, 30pF, 50pF, 5p. 100pF, 150pF, 15p. 
CAPACITORS Various 10pf to 100,000pf 5p. 
PAPER 350V-0.1 7p; 0.5 13p; lmF 150V 20p; 2m5 150V 20p; 
500V-0.001 to 0.05 12p; 0.1 15p; 0.25 25p; 0.47 35p. 
MICRO SWITCH SINGLE POLE CHANGEOVER 30p. 
SUB-MIN MICRO SWITCH, 30p. Single pole changeover. 
TWIN GANG, 120pF 50p: 500pF £1. 
GEARED TWIN GANGS 25pF 95p. 365pF £1. 
GEARED 365 + 365 + 25 + 25pF £1. 
TRANSISTOR TWIN GANG. Japanese Replacement 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. 

NEW baker Star sound 
highipower full range quality loudspeakers 
produced to give exceptional reproduction. 
Ideal for electric guitars, organs, public 
address or 
discotheques. These 
loudspeakers are 
recom mended where 
high power handling is 
required with quality 
results. The high flux 
ceramic magnet 
assembly ensures clear 
treble response so 
necessary for the 
music of today. 

MODEL 
MAJOR 
DELUXE MK II 
SUPERB 
AUDITORIUM 
AUDITORIUM 
GROUP 45 
GROUP 75 
GROUP 100 
GROUP 100 
DISCO 100 
D;SCO 100 

INCHES OHMS 
12  4-8-16 
12  8-16 
12  8-16 
12  8-16 
15  8-16 
12  4-8-16 
12  4-8-16 
12  8-16 
15  8-16 
12  8-16 
15  8-16 

WATTS 
30 
15 
30 
45 
so 
45 
75 
100 
100 
100 
100 

TYPE 
HI-FI 
HI-FI 
11I-F1 

PA 
PA 
PA 
PA 
DISCO 
DISCO 

PRICE 
£14 
£14 
£24 
£22 
£34 
£14 
£22 
£24 
£32 
£22 
£34 

BAKER 150 WATT MIXER/POWER 
AMPLIFIER £89 Post £2 
All purpose far 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, 50K ohm. Individual volume controls with "Four channel" mixing. 
150 watts into 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 ± 3dB. Integral Hi-Fi preamp 32dB. Variation on wide range 
separate Bass & Treble. Compact - 16" x 8" x 51/2 " approximately. 
Lightweight - only 14Ib - approximately: White wording on Black 
facia and Cabinet. Made in England. 12 months' guarantee. 200/250e 
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 watt EMS 12v DC, AC 2400,3 inputs £46 (PP £2). 
40 watt RMS 12v DC, AC 240v, 4 inputs £75 (PP £21. 
Mic 1 Mic 2; Phono; aux; Outputs 4 or 8 or 16 and HI0v line. 60 watt 
RMS. Mobile 24 volt DC & 240 volt AC mains. Input 3 mics + 1 music. 
4-8-16 ohm + 100 volts line £95 (PP £21   

FAMOUS LOUDSPEAKERS 
"SPECIAL PRICES"  Post £2 ea. 
MAKE  MODEL  SIZE  WATTS  HMS  PRICE 
SEAS  TWEETER Rin 50  £7.50 
GOODMANS TWEETER  31/2 in 25  £4.00 
AUDAX  TWEETER  33/4in 60  £10.50 
SEAS  MID-RANGE  4in  50  £7.50 
SEAS  MID-RANGE  5in  80  £12.00 
SEAS  MID-RANGE  41/2in 160  £12.50 
GOODMANS FULL-RANGE  51/2in 15  £6.50 
GOODMANS FULL-RANGE  flin  30  £9.50 
GOODMANS AUDIOM 8p Oie 15  5  £8.50 
SEAS  WOOFER  tiin  30  £14.00 
CELESTION  DISCO  10in  29  /16  £11.50 
CELESTION  DISCO  10in  60  /16  £21.50 
RIGONDA  GENERAL  10in  15  £6.50 
GOODMANS AUDIOM PG  12in  60  £20.00 
GOOOMANS PP12  12in  75  /15  £24.50 
GOODMANS AUDIOM P  12in  50  /15  £20.00 
GOODMANS GR12  12in  90  /15  £27.50 
EMI  HI-FI  13x8  10  /8  £9.50 

CROSSOVERS, TWO-WAY 3000 c/s 3 or 8 or 15 ohm £1.90 
3-way 850 cps/3000 cps. 20 watt rating. £220. 
LOUDSPEAKER BARGAINS-
3 ohm, 4m, 5in, 7x4in, f1.50; 61/2 in, Ox 5M, £3; 8itt £.50. 
8 ohm, 25/13in,3itt 5in, £1.50; 61/2 in, f3: 8m. f4.50; 12M, £6. 
15 ohm, 3t/zin, 5x3in, 6x4in, £1.50. 
25 ohm, 3in, 5x3in,7x4in, £1.50.120 ohm, 31/4 in dia. £1.50. 
MOTOROLA PIEZO ELECTRIC HORN TWEETER 
Handles 100 watts, No crossover required. 4-8-16 ohm. 
SPEAKER COVERING MATERIALS. Samples Large SAE. 
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 2001250V. Hand held size 
with switch and lead. Will also demagnetise 

small tools. £8 
Head Demagnetiser only £5  Post 95p 

RADIO COMPONENT SPECIALISTS 
Radio Books and Components Lists 30p. (Minimum post/packing charge 65p.) Access or Barclaycard Visa. Please Tel: 01-684 1665 for same day despatch. Cash prices include VAT. 

337 WHITEHORSE ROAD, CROYDON 
Open 9-6. Closed all day Wed. Open Sat. 9-5 
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LINSLEY-HOOD 300 SERIES AMPLIFIERS 

LINSLEY HOOD CASSETTE RECORDER 2 . . . 
These latest designs from the drawing. board of John Linsley-Hood, engineered to the very 
highest standard, represent the very best that is available on the kit market today. The delicacy . , 

and transparency of the tone quality enable these amplifiers to outperform, on a side-by-side 
comparison, the bulk of amplifiers in the commercial market-place and even exceed the high 

, ' ,.."'",  ,0 standard set by his earlier 75-watt design. .-.7,19 Three versions are offered, a 30-watt with Darlington output transistors, and a 35- and 45-watt, r ,  •both with Mosfet output devices. All are of identical outside appearance which is designed to  
«  «  match and stack with our Linsley-Hood cassette recorder 2. 

As with all Hart kits the constructors interests have been looked after in a unique way by reducing 

•   
41111111111110 

Any of these kits represents a most cost-effective route to the very highest sound quality with the 
extra bonus of the enjoyment of building a sophisticated piece of equipment. 

Darlington amplifier, fully integrated with tone controls and magnetic pick-up facility. 

' 35-watt Mosfet amplifier, Total cost of parts £98.41. Special offer for complete kits, £87.40. 
45-watt Mosfet amplifier. Total cost of parts £104.95. Special offer price for complete kits £94.80. . _ 

Our new improved performance model of the Linsley Hood Cassette Recorder incorporates our  -Reprints of original Articles from Hi-Fi News 50 p. Post free. No VAT.  
VFL 910 vertical front mechanism and circuit modifications to increase dynamic range. Board  Reprints of MOSFET article 25p. No V.A.T, Post free. 
layouts have been altered and improved but retain the outstandingly successful mother-and- • 
daughter arrangement used on our Linsley-Hood Cassette Recorder 1. 
This latest version has the following extra features: Ultra low wow-and-flutter of .09% - easily 
meets DIN Hi-Fi spec. Deck controls latch in rewind modes and do not have to be held. Full Auto-
stop on all modes. Tape counter with memory rewind. Oil damped cassette door. Latching record 

facility if required. Record interlock prevents rerecordin_g on valued cassettes. Frequency generat- , WITH OUR  . 
SOLENOID CONTROLLED CASSETTE DECK 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, £s4.-ao + VAT. we ask for the complete kit.  ss e. '4*  

.. 

the conventional (and boring) wiring almost to the point of extinction. 

îe 

, 

T30o-twala ctot st of eli parts is £81.12. Special offer price for complete kits £72. 

button for level setting. Dual concentric input level controls. Phone output. Microphone input. 

LINSLEY-HOOD CASSETTE RECORDER 1 

FEED YOUR MICRO BYTES 

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 Motion Sensor. Standard 

•  erase and stereo RA' Heads. Cheapest price ever for all these features. Only £38.90 plus VAT. Full 
technical specification included. 

• HART TRIPLE-PURPOSE TEST CASSETTE TC1 

We are the Designer Approved suppliers of kits for this excellent design. The Author's reputation 
tells all you need to know about the circuitry and Hart expertise and experience guarantees the 
engineering design of the kit. Advanced features include: High-quality separate VU meters with 
excellent ballistics. Controls, switches and sockets mounted on PCB to eliminate difficult wiring.. 
Proper moulded escutcheon for cassette aperture. improves appearance and removes the need 
for the cassette transport to be set back behind a narrow finger trapping slot. Lasy 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-quality 
metalwork make this a most satisfying kit to build. Also included at no extra cost is our latest HS 
16 Sendus Alloy super head, available separately at £8.20 but included free with the complete kit 
at £75 plus VAT. 

• Reprints of the 3 original articles describing this design 45p. No VAT. 
Reprint of the subsequent postscript article 30p. No VAT, 

Part Cost of Post, Packing and Insurance  • 

12,CU'Eet£22',i.9"Ê,  n p  Export Orders-£Postage or shipping at cost plus 
Over £50-£1.50  Documentation and Handling 

Please send 9 x 4 S. A.E. or telephone for lists giving fuller details and 
price breakdo wns. 

Instant easy ordering, telephone your 
requirements and credit card number to us on 

Óswestry (0691).28 4 

FOTOLAK 
POSITIVE LIGHT SENSITIVE AEROSOL LACQUER • 

Eriables YOU to produce perfect printed circuits in minutes! 
Method Spray cleaned board with lacquer. When dry, place positive master of 
required circuit on now sensitized surface. Expose to daylight, develop and etch. 
Any number of exact copies can of course be made from one master. Widely 
used in industry for prototype work. 

Pre-coated 1 / 16' . Fibre-glass board 
FOTOLAK  £2.25  204 m m x 11 4 m m    £1.50 

Developer  35p  204mm x 228mm   £3.00 
Ferric Chloride  55p  408 m m x 228mm    £600 

467mm x 305mm    £9.00 

Plain Copper-clad Fibre-glass. 

Approx. 2.00 m m thick ft. sq.  . .. .. . , •  £2.25 

Approx. 1.00 m m thick ft. sq .  •  £2.00 

Clear Acetate Sheet for making master, 260mm x 260mm    

Postage and packing 60p per order. VAT 15% on total 

G. F. MILLWARD ELECTRONIC COMPONENTS LIMITED" 
P.O. Box 19, Praa Sands, Penzance, Cornwall 

Telephone GERMOE (073-676) 2329 

Single-sided  Double-sided 

£1.75 
15P 

fipn e0e5xleise eivnefittrà%crozett;t:arz,Ipolréisy  £2.70 plus VAT, and Sop head azimuth and tape speed. 

CASSETTE HEADS 
HS16 SENDUST ALLOY SUPER HEAD, Stereo fl/F. Longer life than Permalloy. Higher output than 
Ferrite. Fantastic frequency response. Complete with data  £8.20 
HC20 Stereo Permalloy RIP head for replacement uses in car players, etc  £4.25 
HM90 Stereo RIP head for METAL tape. Complete with data  £7.20 
H561 Special Erase Head for METAL tape  ,  .   £4.90 
5524 Standard Ferrite Erase Head  £1.50 
4-Track R/P Head, Standard Mounting  £7.40 
R4842/2 (Double Mono) R/P Head. Std. Mtg  £4.90 
.ME151 2/2 Ferrite Erase. Large Mtg.  £4.25 
CCE/8M 2/2 Erase. Std. Mtg  £7.90 

All prices plut VAT 

BE PREPARED 
VIE W THRU LENS I, 

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. 
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FpírRECHARGESERVICE 
...., AFTERPURCHASE 

-Inc VAT Post & Pack 60p 

C O MPLETE 

WITH D AT A 

111111111 »111.11111110 MI M MIII M M 

01-723 1008/9 . 
404 EDG WARE ROAD, LONDON W2 1 ÉD 

7445 
7446A 
7447A 
7448 
7450 
7451 
7453 
7454 
7460 
7470 
7472 
j 7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483A 
7484 
7485 
7486 
7489 
7490A 
7491 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74100 
74107 
74109 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 
74132 
' 74136 
74141 
74142 
74145 
74147 
74148 
74150 
74151A 
74153 
74154 
74155 
74156 
74157 
74159 
74160 
74161 
, 74162 
74163 
74164 
74165 
74166 
I 74167 
74170 
74172 
,74173 
74174 
.74175 
74176 
I 74177 
74178 
74180 
74181 
74182 
74184A 
74185 
74186 
, 74188 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74278 
74279 
74283 
74284 
74285 
74290 
74293 
74298 
74365 
74366 
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TTLs by TEXAS' 7 fe r7 r liegliffP e2 r1141# 2 r0 tglirlIETRe'  7455E91ES 745114 120p ' NSISTORS 
7400  1,  74360  6ltp  1402 e  l3opi 
7401  12p  74390  100p  4027  40p 
7402  12p  74393  120p  4028  60p 
7403  14p  74490  150p  4029  75p I 
7404  14p  4030  40p 
7405  18p  741.-5 SERIES  4031  170p 
7406  30p  741500  14p • 4034  200p 
7407  30p  74LSO2  14p  4035  11, p ' 
7408  18p  741503  18p  4036  295p • 
7409  18p  741504  16p  4039  295p ' 
7410  15p  74LSO5  20p  4040  60p 
7411  29p  741508  20p  4041  80p . 
7412  20p  741509  20p  4042  65p 
7413  25p  741510  20p  4043  75p 
7414  35p  741511  30p  4044  70p 
74C14  90p  741_513  30p  4046  80p 
7416  27p  741514  50p  4047  75p, 
7417  27p  741520  20p  4048  55p 
7420  17p  741_521  30p  4049  30p 
7421  38p  741527  30p  4050  30p . 
7422  22p  741530  20p  4051  85p 
7423  25p  741532  27p  4052  80p 
7425  30p  74LS37  30p  4053  65p 
7426  30p  741538  30p  4054  130p ; 
7427  25p  74LS42  80p  4055  125p 
7428  30p  74LS47  80p  14056  120p 
7430  17p  741551  24p  4059  500p 
7432  30p  741555  30p  4060  90p 
7433  30p  741573  30p  4063  100p 
7437  30p  741574  27p  4066  35p 
7438  p  741_575  36p  4067  400p 
7440  17p  741.576  38p  4068  18p 
7441  70p  741.583  70p  4069  20p 
7442A  50p  74LS85  80p  4070  30p 
7443  112p  741586  36p  4071  25p 

112p  741590  40p  4072  25p 
• flOp  741592  70p  4073  25P 
93p  74LS93  50p  4075  25p 
80p  74LS96  110p  4076  60p 
70p  7415107  45p  4081  22p 
17p  7415109  60p  4082  27p 
17p  7415112  40p  4086  72p 
17p  7415113  45p  4089  150p 
17p  7415114  45p  4093  45p 
17p  7415122  70p  4094  200p 
36p  7415123  110p  4095  95p 
30p  7415124 180p  4096  95p 
32p  7415125  50p  4097  340p 
30p  7415126  50p  4098  90p 
38p  7415132  60p  4099  120p 
32p  7415133  30p  40100  220p 
50p  74LS136  45p  40101  132p 
100p  7415138  55p  40102  180p 
84p  7415139 •55p  40103  180p 
60p  7415145 120p  40104  99p 
100p  7415147 180p  40105  120p 
110p  7415148 140p  40106  50p 
30p  7415151  70p  40107  60p 
210p  7415153  80p  40108  470p 
30p  7415154 200P  40109  100p 
60p  7415155  50P  40110  300p 
40p  7415156  50P  40114  250p 
30p  7415157  50P  4502  90p 
75p  7415158  80P  4503  50p 
60p  7415160  75 P  45o7  45p 
50p  741-5161  75p  4508  200p 
180p  741_5162  9013  4510  70p 
100p  7415163  60P  4511  60p 
34p  7415164  70P  4512  80p 
40p  7415165  100 P  4514  200p 
100p  7415166 120p  4515  200p 
100p  7415170 120p  4516  75p 
100p  741.5173 110p  4518  70p 
110p • 7415174  80p  4520  80p 
34p  7415175  70p  4521  200p 
48p  7415181  200p  4526  90p 
60p  7415190  75p  4527  150p 
60p  7415191  75p  4528  80p  1"  -

VOLTAGE REGULATORS 80p •7415192  75p  4532  110p 
60p  7415193  75p  4534  500p  Fixed Plastic TO-220 
60p  7415195  75p  4536 • 300p  IA +ve 
60p  7415196  75p  4538  120p  5V  7805 55p 
75p  74LS197  90p  4543  140p  12V  7812  55p 
200p  7415221  90p  4553  320p  15V  7815 55p 
90p  741_5240 120p  4556  60p  18V  7816  55p 
120p  7415241  120p  4560  180p  24V  7824 55p 
100p  74LS242  90p  4569  180p  100mA  TO -92 
120p  74LS243  90p  4572  30p  5V  78105 30p 
50p  74LS244  100p  4583  100p  12V  78L12 30p 
50p  74LS245 120p  4584  50p  15V  78115 30p 
90p  74LS247 140p  4585  100p  OTHER REGULATORS 178HGKC  600p 
80p  7415251  75p  4724  150p  'LM309K  135p 178H05KC  550p 
80p  7415253  75p  40097  90p  LM3171  200p 78MGT2C  135p 
60p  74LS257  75p  14411  700p  LM323K  500p 79HGKC  800p 
120p  7415258  15p  14412  900p  'LM723  37p'TL497  300p 

14433  1100p   
14500  700p OPTO-ELECTRONICS 
14599  299p  2N5777  45p  ORP60  120p 

OCP71  180p  ORP61  120p 
ORP12  120p  TIL78  55p 

OPTO-ISOLATORS 
11074  130p  TIL111  90p 
MCT26  100p  TIL112  90p 
MCS2400  190p  TIL116  90p 

9301  loop  74500  SOO  745124 300p , 
9302  liSp  74SO4  80p  745132 160p 
9308  318p  74505  75p .74S133  75p 
9310  275p , 74608  75p  745138 225p 
9311  275p  74610  80p  745139 ;225p. 
9312  180p  74520  60p  7451571250p 
9314  186p. 74530  60p  745163 300p 
9316  2251/!• 74S32  90p  745174 250p 
9321  225p  74S37  90p  745175 320p, 
9322  150p ;74564  80p  7451941350p 
9334  360p  74S74  90p 745241.450p 
9368  250p  74585 300p; 745260, 70p 
9370  300p  74586 180p 745373 500p 
9374  200p .745112 120p 74S374 511 .  , 

MC1458 
MC14951_ 
MC1496 
MC3340P 
MC3403 
MM57160 
NE531 
NE555 
NE556 
NE564 
NE565 
NE566 
NE567 
NE571 
NE5534A 
PLLO2A 
S5669 
SAD1024A 
SFF96364 
51490 
SN76477 
SP8515 
TA 7120 
TA7204 
TA7205 
TA7222 
TA7310 
TAA621 
TBA641811 
TBA651 
TBA800 
TBA810 
TBA820 
TBA950 
TCA220 
TCA940 
TDA1004 
TDA1008 
TDA1010 
TDA1022 
TDA1024 
; TDA103413 
' TDA1170 
1 TDA2002V 
; TDA2020 
T1071/81 
TL072/82 
TL074 
, TL084 
TL170 
UAA170 
ULN2003 
UPC1156H 
XR2206 
ZN414 
ZN419C 
ZN424E 
ZN425E 
ZN427E 
ZN1034 

ISOP 
48 P' 
350p, 

• 70p 
120p 
90p ' 
620p 
150p 
20p 
70p 
420p 
130p 
155p 
140p 
425p' 
250p 
'500p . 
270p 
1250p 
800p ' 
400p 
175p 
750p 
200p 
250p 
250p 
200p 
200p 
275p 
300p 
200p 
90p 
100p 
90p 
300p 
350p 
175p 
300p 

• 320p 
225p 
570p 
120p 
250p 
300p 
325p 
320p 
45p 
75p 
130p 
110p 
50p 
175p 
100p 
300p 
300p 
90p 
225p 
135p 
350p 
650p 
200p 

87 

,AC127/8  20p 
AC176  25p 
AC187/8  25p 
AF116  50p 
AD149  • 70p 
AD161/2  45p 
AU107  200p 
TEIC107/8  11p 
BC109  11p 
BC117  20p 
0C147/8  9p 
BC149  10p 
BC157/8  10p. 
BC159  11p; 
BC169C  12p 
BC172  12p 
BC177/8  17p 
BC179 
BC182/3  10p 
BC184  lip 
,BC187  30p, 
IBC212/3  lip 
18C214  12p 
'BC237  15p 
BC327  18p 
BC337  18p 
BC338  18p 
0C461  36p 
BC477/8  30p 
BC516/7  40p 
BC547B  16p 
BC548C  9p 
BC549C  18p 
BC55713  16p 
BC559C  18p 
EICY70  18p 
BCY71 /2  22p 
00131/2  50p; 
013135/6  54p 
B0139  56p 
B0140  60p 
B0189  60p 
80232  95p 
80233  75p 
BD235  85p 
BD241  70p 
80242  70p 
BDY56  200p 
BF200  32p 
BF244Ei  35p 
BF256B  70p, 
0F257/8  32p 
9F259  36p 
_B.FR39 • 25e 

FR40 
FR41 
FR79 
FR80 
FR81 
FX29 
FX30 
FX84/5 
FX86/7 
FX88 
FVV10 
FY50 
FY51/2 
FY56 
FY90 

25P 
25p 
25p 
25p 
25p 
40p 
34p 
40p 
30p 
30p 
90p 
30p 
30p 
33p 
90 

RY39  46p 
SX19/20 24p 
U104  225p 
U105  190p 
U108  250p 
U109  22 0g 
U126  150p 
U180A  120p 
U205  200p 
U208  200p 
U406  145p 
300  50p 
08  50p 
310  50p 
MJ2501  225p 
MJ2955  90p 
MJ3001  225p 
MJE340  80p 
MJE2955 100p 
MJE3055  70p 
MPF102  45p 
MPF103/4 
IMPF105/6 40p 
MPS6531  50p 
MPS6534 50p 
MPSA06  30p 
MPSA12  50p 
MPSA13  50p 
MPSA20  50p 
MPSA42  50p 
MPSA43  50p 
MPSA56  32p 
MPSA70  50p 
MPSUO6  63p 
MPSUO7  60p 
'MPSU45  90p 
MPSU65  78p 
0C28  130p 
0C35  130p 
TIP29A  40p 
)7IP29C  55e 

TIP30A  48pr 
TIP30C  80p; 
TIP31A  58p 
TIP31C  621, 
71P32A  58p 
T1P32C  82p 
TIP33A  90p 
IP33C  114p 
TIP34A  115p 
TIP34C  160p 
TIP35A  225p 
TIP35C  290p 
TIP36A  270p 
71P36C  340p 
TIP41A  85p 
T1P41C  78p 
TIP42A  .70p 
TIP42C  82p 
T1P54  160p 
TIP120  120p 
TIP122  130p 
TIP142  130p 
TIP147  130p 
TIP2955  78p 
TIP4055  70p 
TIS43  48p 
TIS93  30p 
ZTX108  12p 
ZTX300  13p 
ZTX500  15p 
ZTX502  18p 
ZTX504  30p 
25457A  250p r25696  35p 2N697  25p 
5698  45p• 
25706A  30p 
2N750  3Op 
25918  45p 
25930  18p 
'2N1131/2 38p 
251613  25p 
251711  25p 
252102  70p 
.252160  350p 
252219A  30p 
2N2222A  30p 
252369A  25p 
,252484  30p 
.252646  45p 
12N2904/5 30p 
'252906A  30p 
.252907A  30p 
252926  9p 
;253053  30p 
.1253054  65p 

2N3055  48P 
2N3442  140p 
2N3553  240p 
2N3565  30p 
ZN3584  250p 
253643/4 48p 
253702/3 12p 
2N3704/5 12p 
253706/7  14p 
253708/9 12p 
253773  300p 
253819  25p 
253820  50 
5 22255333908062523  7070000ppp  D401 tc:071E/s2 100p, 

eVr s'a 
253903/4 •,18p 
253905/6 20p 
254037  85p 

22NN4165811/92 1128pg 
1254123/4 27p 
• 2N4125/6 27p 
2N4401/3 27p 
2N4427  90p 
2N4871  60p 
,2N5087  27p 
2N5089  27p 
2N5172  27p 
255179  90p 
255191  90p 
•255194  90p 
122N555229405  540p 5g  

255401  50p 
2515457/8 40p , 
255459  40p ' 
255460  60p 
22NN505413  44 g 2N5875  250  pp 

22556600427  53048pp 
256041  160p 

256052  300p 
256059  325p 
256107  65p 
2N6247  190p 
256254  130p 
256290  85p 
2N6292  65p 
2SC1172 150p 
2SC1306 150p 
,225SCC22002258 215200pp 

12SC2078 200p 
*35128  1200 

.6A  50V  80p 
16A 100V 100p 
• , SA 400V 120p 
:10A 400V 200p 
t25A 400V 400p - 

ZENERS 
2.7V-33V 
400m W  9p 
1W  15p 

12p 
BYX36-300 20p 
0A47  01) 
0A81  15p 
0/%85  15p 
0A90  9p 
0A91  9p 
0A95  9p 
0A200  9p 
0A202  10p 
15914  4p 
151916  7p 
154148  4p 
154001/2  5p 
154003/4  6p 
1N4005  6p 
154006/7  7p 
1N6401/3 14p 
1N5404/7  19p 
15920  9p 

HEAT SINKS 
For 70220 Volt-
age Reg s. and 
transistors 22e 
For TO5  12p 

,TRIACS 
¡PLASTIC 
13A 400V 
16A 400V 
IGA 500V 
'8A 400V 
'8A 500V 
12A 400V 
I2A 500V 
16A 400V 
16A 500V 
T28000 

80p 
70p 
88p 
75p 
95p 
85p 
105p 
110p 
130p 
130p 

BRIDGE 
RECTIFIERS 
IA  50V  19p 
lA 100V  20p 
lA 400V  25p 
lA 600V  30p 
2A  50V  30p 
2A 100V  35p 
2A 400V  45p 
3A 200V  60p 
3A 600V  72p 
'4A 100V  95p 
;4A 400V 100p 

; THYRISTORS 
llA 50V  70p 
lA 400V  SOp 
3A 400V  100p 
8A 600V  140p 
12A 400V  160p 
.16A 100V  180p; 
'16A 400V  180p 
BT106  110p 
'C1060  45p 
MCA 101  38p 
TIC44  27p 
253525  130p 
254444  140p 
255060  34p 
255064  40p 

; LOUD-
SPEAKERS 
Size 
21/2" 64R  80p 
212" .8R  80p 
2"  - OR  90p 
11/2" OR  100p 

MODULATORS 
6MHz UHF 375p 
8MHz UF.I.F 450p 

lop 
70p 
70p 
90p 
90p 
90p 
200p 
200p 
300p 
90p 
75p 
75p 
70p 
90p 
100p 
80p 
160p 
90p 
120p 
120p 
500p 
325p , 
90p 
90p 
90p 
90p 
90p 
95p 
70p 
80p 
120p 
120p 
90p 
100p 
120p 
200p 
110p 
140p 
250p 
250p 
100p 
100p 
100p 
60p 
60p 

7415259 100p 
7415266 100p 
7415273 120p 
7415279  55p 
7415283  75p 
7415298 160p 
74LS323 250p 
74LS324 150p 
74LS348 200p 
74LS365  48p 
7415367  50p 
74LS368  50p 
74LS373  120p 
74LS374  120p 
7415375  60p 
74LS377  100p 
7415378  80p 
7415390  90p 
74LS393  90p 
7415399  200p 
741_5445  140p 
74L5670  225p 

4000 SERIES 
4000  15p 
4001  18p 
4002  20p 
4006  70p 
4007  20p 
4008  70p 
4009  40p 
4010  40p 
4011  16p • 
4012  25p 
4013  35p 
4014 
4015 
4016 
4017 
4018 
4019 
4020 
4021 
4022 
4023 
4024 

INTERFACE ICs 
AD536A  £13 
AD561J 1400p 
AD7524  600p 
DM8131  375p 
DP8304  450p 
0S8835  250p 
D58836  150p 
050030  2250 
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  150 

75 11 75451/2  72p 
70 P  75491/2  70p 
35 P  8726  160p 
50P  8728  160p 
70 1)  8795  180p 
45 P  8T97  160p 
65P• 81LS95  120p 
75P  81LS96  140p 

700 P  81LS97  120p 
20p  811598  1400 
40 P  9602  220p 

LUSEAR ICs 
AY1-0212 
AY1-1313 
AY1-1320 
AY1-5050 
AY3-1270 
AY3-8910 
AY3-8912 
AY5-4007D 
CA3046 
CA3048 
CA3080E 
CA3086 
CA3089E 
CA3090AC1 
CA3130E 
CA3140E 
; CA3160E 
CA3161E 
CA3162E 
CA3189E 
CA3280 
; DAC1408-8 
HA1388 
ICL7106 

. ICL8038 
ICM7555 
LF1331 
LF351 
LF356P 
LM10C 
LM301A 
LM311 
LM318 
LM319 
LM324 
LM339 
1 LM348 
LM358P 
LM377 
1M380 
LM381AN 
LM386 
LM393 
LM709 
LM710 
LM725 
LM733 
LM741 
LM747 
LM748 
LM2917 
LM3302 
LM3900 
LM3909 
LM3911 
LM3914 
LM3915 
LM3916 
LM 13600 
MB3712 

600p" 
868p 
320p 
140p 
840p 
750p; 
850p1 
520p: 
70p1 
225p1 
72p' 
48p' 
225p. 
375p 
90p 
50p' 
100p 
140p' 
450p 
300p 
160p 
200p 
2130p 
850p 
300p 
80p 
30p 
48p 
95p 
425p 
27p 
70p 
200p 
225p 
45p 
75p 
95p 
50p 
175p 
75p 
180p 
95p 
100p 
36p 
50p 
350p 
100p 
18p 
70p 
35p 
250p 
100p 
70p 
70p 
130p 
225p 
225p 
225p 
125p 
200p 

LO:rS25" 
55p 

TIL209 Red  13p 
TIL211 Gr  20p 
T11212 Ye 250 
T1L216 Red  18p 

DISPLAYS 
3015F 
DL704 
D1707 Red 
FND357 
FND500 
FND507 
MAN3640 
.MAN4640 

200p 
140p 
140p 
120p 
110p 
110p 
175p 
200p 

-ve 
7905 
7912 
7915 
7918 
7924 
79L05 
79L12 
79L15 

0.2" 
TIL220 Red 
TIL222 Gr 
TIL228 Red 
Rectangular 
LEDs IR, 0, Y1 
N5E15881 
TIL311 
TIL312/3 
TIL321/2 
TIL330 
7750/60 

DRIVERS 
9368 
9370 
UDN6118 
UD56184 

60p 
60p 
60p 
70p 
70p 
70p 
70p 
70p 

16p 
18p 
22p 

30p 
570p 
600p 
110p 
130p 
140p 
200p 

250p 
300p • 
320p 
320p 

MEMORIES 
2101-4L  400p 
2102-21  20p 
21070  500p 
2111-4  250p 
2112-4  300p 
14  200 

2114-21  300p 
4027-3  300p 
4044  700p t 
4116  200p 
4118-4  550p 
5101_  300p 
11116  £12 
6514-45 
6810  200p 
ROM/PROMs 
71301  700p 
745188  225p 
745287  350p 
745471  650p 
745571  650p 

CPUs 
1600  1200p 
1802CE  750p 
2650A  £16 
6502  500p 
6800  370p 
6802  550p 
09  £15 

8080A  450p 
8085A  550p 
1558060  1000p 
TM59980A  £20 
Z80  450p 
280A  550p 
EPROMs 
1702A  500p 
2708  350p 
2716 (+5V)  500p 
2532  750p 
2732  750p 
SUPPORT 
DEVICES 
3242 
3245 
6522 
6532 
6820 
6821 
6845 
6850 
6852 
6875 
8154 
8155 
8205 
8212 
8216 
8224 
8226 
8228 
8251 
8253 
8255 
8257  800p 
8259   

800p 
450p 
500p 
825p 
375p 
180p 
£10 
180p 
370p 
600p 
950p 
800p 
320p 
200p 
200p 
250p 
250p 
250p 
4,00p 
800p 
400p 

8279  950p 
TMS9918  POA 
280P10  400p 
280AP10 
Z8OCTC  400p 
Z8OACTC  500p 
280ADART  rig; 
ZEIOADMA  £10 
16,ÇLS_10-1  £20 
UARf  • 
AY-3-1015P  400p 
AY-5-1013P  350p 
IM6402  450p 
CHARACTER 
GENERATORS 
RO-3-2513 U.C. 

800p 
RO-3-2513 LC. 700p 
5574.52nPAN  £10 
KEYBOARD 
ENCODER 
AY-5-2376  700p 
74C922  500p 

CRYSTALS 
32.758KHz  250P 
100KHz  300p 

1.0MHz 
1.008MHz 
1.8432MHz 
2.00MHz 
2.45760MHz 
3.276MHz 
3.5795MHz 
4.00MHz 
4.194M Hz 
4.43MHz 
5.0MHz 
6.0MHz 
6.144MHz 
7.0MHz 
7.168MHz 
8.00MHz 
8.867MHz 
10.00MHz 
10.7MHz 
1p.OMHz 
16.0051Hz 
18.00MHz 
18.432 
19.908M Hz 
26.690MHz 
27.145M Hz 
38.6667MHz 
48.0MHz 
55.5MHz 
•- 116MHz 

320p 
350p 
250p 
250p 
250p 
250p 
175p 
290p 
250p 
125p 
250p 
250p 
250p 
250p 
250p 
250p 
250p 
250p I 
250p 
350p 
250p 
250p 
250p 
390p 
300p 
250p 
350p 
300p 
400p 
350p -• 

3N140  120p 
35141  110p 
35201  110p 
*135204  120p 
140290  250p 
140361/2  75p 
40408  90p 
140409  100p 
40410  100p 
; 40411  3011p 
• 40594  120p 
;40595  • 120p 

PROFILE 12121,LpiSri0CnKgETS‘40BYpiTnEXA30: 
Spin  9p  18 Pin 1ép 24 pin 24p 
'14 pin 10p  20 pin 18p 28 pin 26p 
11-16°Wp in hip  

1HEADER 
WIRE WRAP SOCKETS BY TEXAS .  1PLUGS 
8 pin  25p 18 pin  50p 24 pin  70p  14 pin  50p 
14 pin  35p 20 pin  60p 28 pin  80p . 16 pin  60p 
16 pin  40p 22 pin  65p 40 pin 100p ,24 pin 100p 

,140 oin 2751  

SOFTY Ideal Software/Hardware Development Tool. 
Using SOFTY you can develop you  Programmes. 
Debug/ Verify and then commit them to EPROM. 
KIT £100. BUILT AND TESTED £125 
Also available Expansion Board for Programming single 
rail (+5v) EPROMS.  Ready built £40. _  _ 

MINI 'FLOPPY DISC DRIVE MECHANISM: Teac, Type FD-
50A 40 track 51/4" Double/Single Density drives  £1411 
FLOPPY DISC CONTROLLER  
FD1771  £24 
FD1791  £36 
FD1691  £19 
2143  £5.50 

ZERO 
INSERTION 
FORCE SKT 
24 pin  ET 

EPROM ERASERS Type UV140. Will erase up to 14 
EPROMS in approx. 20 mins. Has slide-in tray for safe 
use. MAINS and ERASE indicators  £81.50 

ACORN ATOM. Supplied with full size OWERTY Key-
board, 8K ROM, 2K RAM and can be expanded to 12K 
ROM, 12K RAM. Included are UHF Modulator for 
connection to domestic TV and Free Manual on Pro-
gramming in BASIC or Machine Code. 

Kit £120. Built £150. P&P £2.50. 

VEROBOARDS 0.1 
(copper clad) 

2.5x3.75"  75p 
2.5x5"  85p 
3.75x3.75"  85p 
3.75x5"  95p 
3.75x17"  340p 
4.75x17.9"  420p 
Pkt of 100 pins  50p 
Spot face cutter 86p 
Pin insertion 
tool  118p 
Vero Wiring Pen 

140p 

1 SWO ITCHES 415p 

ACIRNO1T6NWESX 

.' 6-way SPS7 

, 8-way SPST 
90p 

CxX  ;  
CCN-15W 26 17W  44425 425p i 

SPARE BITS 
C/CX/CCN 
X25 . 509,,  80p 

rAEMEENTS 
C/CX/X25  180p Any colour 50 P 

CCN 25000 pp mDi4-iwGitharryLAESsOPTSTI0l p 

COUNTERS 
74C925 
74C928 
ICM7216B 
ICM7217A 
ZN1040E 

550p 
800p 
2000p 
850p 
700p 

TT1 &EC1  . 
MC4024  325p 
MC4044  325p 
10116  70p 
10231  350p 

*SPECIAL OFFERS* 

2114L (450ns) . 
2716 (+5V) 
4116 (20Ons) 

SPEECH SYNTHESISER 
" (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 

1-24 
1.20 
2.90 
1.10 

25-99 
1.10 
2.75 
1.05 

100 
1.00 
2.25 
1.00 

*  Easy interfacing to a microcomputer through a few lines 
of BASIC 
*  Pitch control has exciting electronic music applications 
* A reprint of original constructional article. by EizATM 
(June' 81) and available at 65p plus large SAE. 

Complete Kit of parts (inc. PCB) £87 
(NB: We are fully authorised TEXAS INStRUlcIENT supplier for above project) 

NEW RETAIL SHOP 
305 Edgware Road, W2 
Open: 9.30-5.30 

Please add 30p P&P & VAT 1 5 %. 

Govern ment Colleges, etc Orders accepted 

CALLERS WELCO ME 
Mon Fr.  ln 5 30 
Satorda,10 30_4 30 

TE,CHNOMATIC LTD 
17 BURNLEY ROAD, LONDON NVV10 
(2 minutes D ais Hill tube station) (a mple street parking) 

Tel: 01-452 1500/01,450 6597  Telex: 92280P 



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 
Imodels HY30, 60 or 120 for example), super quality hi-fi with extra versatility 
IMOS120, MOS200) or Disco/PA/Guitar (HD120, HD200 or HD400) you will 
then decide whether amplifiers housed within their own heatsinks 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. 

BIPOLAR Standard, with heatsinks Without heatsinks 

DISTORTION 
OUTPUT T.H.D. I.M.D. SUPPLY 

MODEL POWER Typ 60HZI7MHz VOLTAGE SIZE WT PRICE VAT MODEL SIZE WT PRICE VAT 

NUMBER Watts rms at 1kHz 4:1 TYPIMAX mm OMS NUMBER in mm gms 

HY30 15w14-8S2 0.015% <0.006% ±18±20 76o68x40 240 (7.29 f 1.09 

HY60 30w14-80 0.015% <0.006% ±25±30 76x68x40 240 D3.33 (1.25 
. ,.. 

HY120 60w14-80 0.01% <0.006% ±35±40 120x78x40 410 £17.48 [2.62 HY120P 120x26x40 215 £15.50 £2.33 

HY200 120w14-80 0.01% <0.006% ±45±50 120x78x50 515 (21.21 f3.18 HY200P 120x26x40 215 f18.46 £2.77 

HY400 240wI40 0.01% <0.006% ±-45±50 120x78x100 1025 f31.83 £4.77 HY400P 120x26x 70 375 f28.33 (4.25 

Protection: Load line, momentary short circuit Ityp'cally 10 sec)  Slew rate 15V11.ts  Rise time: 5ps 
S/N ratio: 100db  Frequency response I-3 e: 5Hz - 50kHz 
Input sensitivity. 500m9 rms  Input impedance: 10016/  Camping factor: 18S-21100Hz)>400 

HEAVY DUTY 

HD120 

110200 

H0400 

60w14-8S7 

120w14.8S2 

240w140 

with heatsinks Without heatsinks 

0.01% 

0.01% 

0.01% 

<0.006% 

<0.006% 

<0.006% 

-±35±40 

±45±50 

±45±50 

120x78x50 

120x78x60 

120x78o100 

515 

620 

1025 

£22.48 

£27.38 

£38.63 

£3.37 

£4.11 

£5.79 

F10120P 

110200P 

110400P 

12Dx26x50 

120x26x50 

120x26x70 

265 

265 

375 

£19.84 

£23.63 

£34.28 

£2.98 

£3.54 

£5.14 

Protection: load line, PERMANENT SHORT CIRCUIT (ideal for discolgroup 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 for standard types. 

MOSFET 

MOS120 

MOS200 

MOS400 

Ultra-Fi, with heatsinks Without heatsinks 

60w14.8S2 

120w14.8f2 

240wf4SZ 

<0.005% 

<0.005% 

<0.005% 

<0.006% 

<0.006% 

<0.006% 

±45±50 

±-55±60 

±55±-60 

120x78o40 

120x78x80 

120x78x100 

420 

850 

1025 

£25.88 

£33.46 

£45.39 

£3.88 

£5.02 

£6.81 

MOS120P 

MOS200P 

MOS400P 

120x26x40 

.120x26x80 

120x26x100 

215 

420 

525 

£23.32 

£28.53 

(38.91 

£3.50 

£4.28 

£5.84 

Protection: Able to cope with comple loads, without the need for very special protection circuitry (fuses will suffice). 
llltra.fi specifications: 
Slew rate:20 4s  Rise time: 3ps S/N ratio: 100db  Frequency response I-3d8): 15Hz - 100kH 
Input sensitivity: 500mV rms  Input impedance. 1001Q  Camping factor: (8S21100Hz)>400-

POWER SUPPLY UNITS 
MODEL NO. FOR USE WITH PRICE VAT 

PSU30 + 15V combinations of HY6/66 series to 
a maximum of 100mA or one HY 6 7 £4.50. £0.68 
The following will also drive the HY6/66 
series except HY67 which requires the PSU30. 

PSU36 1 or 2 HY 30 ' £8.10 £1.22 

PSU50 1 or 2 HY 60 £10.94 £1.64 

PSU60 1 x HY 1 20/HY 1 20P/HD 1 20/HD 1 20P £13.04 £1.96 

PSU65 1 x MOS 1 20/1 x MOS 1 20P £13.32 £2.00 

PSU70 1 or 2 HY1 20/HY 1 20P/HD 120/H012OP £15.92 £2.39 

PSU75 1 or 2 MOS1 20/MOS120P £16.20 £2.43 

PSU90 1 x HY200/HY200P/1-0200/H0200P £16.20 £2.43 

PSU95 1 x MOS200/MOS200P £16.32 £2.45 

PSU180 2 x HY200/HY200P/HD200/1-10200P or 
1 x HY400/ 1 x HY400P/H0400/H0400P £21.34 £3.20 

PSU185 1 or 2 MOS 200/MOS 200P/1 x MOS400/ 
1 x MOS400P £21.46 £3.22 

All models except PSLI30 and PSU36 incorporate our own toro dol transformers. 

FP480 
BRIDGING UNIT FOR 
DOUBLING POWER 
Designed specially by I.L.P. for use 
with any two power amplifiers of the 
same type to double the power output 
obtained and will function with any 
I.L.P. power supply. In totally sealed 
case, size 45 o 50 x 20mm, with edge 
connector. It thus becomes possible to 
obtain 480 watts rms (single channel) 
into 80. Contributory distortion less 
than 0.005%. 
Price: (4.79+72p.8.4.T. 

111I L 1111:1 ELE CTR O NI CS LT D. 
FREEPOST 2 Graham Bell House, Roper Close. Canterbury, Kent CT2 7EP. 

Telephone 10277154778 {Technical (0227) 64723)  Telex 965780 

Available also from MARSHALLS, TECHNOMATIC, WATFORD ELECTRONICS and certain other selected retailers. 

Which modules? 
In launching eighteen different units all within amazingly compact cases to help make 
complete audio systems using LP.. power amplifiers, we bring the most exciting, the 
most versatile modular assembly scheme ever for constructors of all ages and 
experience. Study the list - see how these modules will combine to almost any audio 
project you fancy - and remember all I.L.P. modules are compatible with each other, 
they connect easily. Modules HY6 to HY13 measure 45 x 20x 40mm. HY66 to HY77 
measure 90 x 20 x 40mm. They are so reliable that all I.L.P. modules carry a 5 year no 
quibble guarantee. 

MODEL 
NO. MODULE DESCRIPTION/FACILITIES 

CURRENT 
REQUIRED PRICE VAT 

HY6 MONO PRE AMP Mic/Mag. Cartridge/Tuner/Tape/ 10 mA £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 Two channels, each mixing five signals 
into one 

10 mA £6.25 £0.94 

' HY9 STEREO PRE AMP Two channels mag. Cartridge/ 10mA £6.70 £ 1.01 
Mic + Volume 

HY11 MONO MIXER To mix five signals into one 10mA £7.05 £1.06 
+ Bass/Treble controls 

*HY 12 MONO PRE AMP To mix two signals into one 10mA £6.70 £1.01 
+ Bass/Mid-range/Treble 

*HY13 MONO VU METER Programmable gain/LED overload driver 10 mA £5.95 £0.89 

HY66 STEREO PRE AMP Mic/Mag. Cartridge/Tape/Tuner/Aux 20 mA £12.19 £1.83 
+ Volume/Bass/Treble/Balance 

HY67 STEREO HEADPHONE Will drive headphones in the range of 80 mA £12.35 £1.85 
442 - 2I<S2 

HY68 STEREO MIXER Two channels, each mixing ten signals 
into one 

20 mA £7.95 £1.19 

HY69 MONO PRE AMP Two input channels of mag. Cartridge/ 20 mA £10.45 £1.57 
Mic + Mixing/Volume/Treble/Bass 

HY71 DUAL STEREO Four channels of mag. Cartridge/Mic 20 mA £10.75 £1.61 
PRE AMP + Volume 

*HY72 VOICE OPERATED Depth/Delay 20 mA To be announced 
STEREO FADER 

*HY73 GUITAR PRE AMP Two Guitar (Bass/Lead) and Mic 20 mA £12.25 £1.84 
+ separate Volume/Bass/Treble + Mix 

tHY74 STEREO MIXER Two channels, each mixing five signals 
into one + Treble/Bass 

20 mA £11.45 £1.72 

tHY75 STEREO PRE AMP Two channels, each mixing two signals 
into one + Bass/Mid-range/Treble 

20 mA £10.75 £1.61 

tHY76 STEREO 
SWITCH MATRIX 

Two channels, each switching one of 
four signals into one 

20 mA To be announced 

tHY77 STEREO VU 
METER DRIVER 

. Programmable gain/LED 
overload driver 

20mA £9.25 £1.39 

*Ready August - may be ordered now 
-f Ready September - may be ordered now 

All the above modules operate from 15V miremdin to ±-30V maximum - higher voltages he ng 
accommodated by use of dropper resistors. HY67 can only be used with the P.51.1 30 power supply unit. 

See also our ad. on page 107 

TO ORDER USING OUR 
FREEPOST FACILITY 
Fill in the coupon as shown, or write details on a separate 
sheet of paper, quoting the name and date of this journal. 
By sending your order to our address as shown at the 
bottom of the page opposite, with FREEPOST clearly 
shown on the envelope, you need not stamp it. We pay 
postage for you. Cheques and money orders must be 
crossed and made payable to I. L.P. Electronics Ltd. If 
sending cash, it must be by registered post. To pay 
C.O.D. please add f 1 to TOTAL value of order. When 
ordering, U.K. customers must include the appropriate 
V.A.T. as shown. 
PAYMENT MAY BE MADE BY ACCESS OR 
BARCLAYCARD IF REQUIRED. 

W W - 021 FOR FURTHER DETAILS 

RECEIVING YOUR ORDER 

The modules are 
encapsulated and include 
latest design high quality 
clip-on edge connectors. 

For easy mounting we 
recommend 

86 Mounting board for 
modules HY6 - HY13 

78p+ 12p. V.A.T. 

866 Mounting board for 
HY66 - HY77 

99p+ 13p. V.A.T. 

All I.L.P. modules include 
full connection data. 

I.L.P. Products 
are of British 
Design and 
Manufacture. 

ALL WITH ILP 'S 5 YEAR NO QUIBBLE GUARANTEE 

To: I.L.P. ELECTRONICS LTD. ROPER CLOSE CANTERBURY CT2 7EP 

Please supply   

  Total purchase price £   

I enclose Cheque D Postal Orders Ill International Money Order LI 

Please debit my Access/Barclaycard Account No   

NAME   

ADDRESS 

Signature   
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-  , VALVES  Minimu m  VALVES VAT 
Order £1 •  IS INCLUDED 

• A1065  1' '  9 ' 2.70 ClCh/06/40A  6AL5  0.60  11E2  19.50 6064  2.30 i i 
A2293  8.80  01802  1.70  16.10  6AL5W  0.86  12A6  0.70 6065  1,20, 
82900  9.20  61821  8.20 (1V03-12  4.20 6AM5  420  12AT6  0.70 6067  2.30 
AR8  0.75  E1822  9.95 SC1/400  4.50  6AM6  1.50  12AT7  0.85 6080  5.30 
ARP3  0.70  EM31  1.80 SC1/600  4.50  6AN8A  2.50  12AU7  0.130  6146  4.06 
ATP4  0.60  EM80  0.85' SP61  1.80  6A04  3.40  12AV6  0.95 61466  5.20 , 
012H  3.90  EM81  0.85 TT21  16.50  6805  1.00  12AX7  0.85 6360  2.85 
CY31  1.40  EM84  0.85 1225  1.15  SACI5W  1.80  12BA6  0.90 6550  6.80 
DAF96  0.70  EM87  1.30 U26  1.15 6AS6  1.15  12E1E6  1.25  6870  14.00 
DET22  26.95  EY51  0.95 1227  1.15 SATO 0.90  12BH7  1.10  8552  820' 
DF96  0.70  EY81  0.65 U191  0.85 6AU6  0.60  12C8  0.65  6973  3.30, 
DK96  1.20  EY86/87  0.60 2281  0.70 6AV6  0.85  12E1  18.95 7199  2.85 
DH76  0.75  EY88  055 12301  0.66 6AX4GT  1.30  12J5GT  0.55 3BP1  11.00, 
DL92  0.50  EZ80  0.70 11600  11.50 6AX5GT  1.30  121(701  0.70  5EP7  18.001 
DY86/87  0.65  EZ81  0.70 U801  0.90 6BA6  0.55  12K8GT  0.80 4EP1  32.00, 
DY802  0.70  GM4  5.90  UBC41  1.20 6BE6  0.60  1207GT  0.60 88.1  14.00 
E551  14.90  GY501  1.30 UABC80  0.75 66G6G  1.130  125C7  0.65 881  14.00 
E88CC  1.60  Gz32  1.05  uAF42  1.20 6616  1.30  12SH7  0.65 CV1526  16.00 
E88CC/01 3.10  GZ33  4.20  UBF80  0.70 61307A  0.85  12517  0.70 DG7-32  34.80 
E92CC  1.20  GZ34  2.75  UBF89  0.70 6087  4.80  12607  1.46 D07-36  36.00 
E180CC  2.80  GZ37  3.95  UBL21  1.75 68W6  620  12607G1 0.86 DPM9-11 38.40 
0180F  6.30  K166  6.30 UCC84  0.85 6B587  0.90  12Y4  0.70 013-33GM  , 
• E182CC  4.95  9.20* UCC85  0.70 6C4  0.50  1303  0.70  41.80 
EA76  2.25  KT88  8.95 UCF80  1.30 6C6  0.55  13 06  0.90 ysnnn o  
EABC80  0.60  13.804 UCH42  1.65 OCHO 820  1306  0.80  ""--
E891  9•69  "114  2:50.  UCH81  0.75 6CL6  1.70  14.87  1.15   
EBC33  1.15  ML6  2.50 ucL82  095 6CX8  3.80  18805  0.86 PLUMBICON 
EBC90  0.90  MX10/01 21.50  L/F41  1.35 6CY5  1.15  19G3  1  M O3LF 150. -  - 
EBF80  0.60  N78  9.90 UF80  0.95 606  0.70  19G6  8.50 4,11,,99„14B 
EBF83  0.60  0A2  0.70  UF85  0.95 OE M  3.20  19H5  39.55 '''"''' 
EBF89  0.80  0132 90  X0102OR 0.80  uL41  2.30 6F6  1.60  20D1  0 
EC52  0.65  PABC80  0.60 " 5 X010200 UL84  0.95 6F6GB  1.10  20F2 
EC91  3.40  PC85  0.75  ur,490  0.90 6p2  2» 20E1  1.30 SPECIAL V. 
EC92  0.85  PC86  0.95  w ag  030 6F8G  0.85  20P1  0.65 
• ECC81  0.65  PC88  0.95  1-1Y82  0.70 6F12  1.50  2003  025  4CX 10008 
ECC82  0.60  PC97  1.50  125  4CX 5000A UY85  0.85 6F14 
ECC83  0.65  PC900  1.15 VR105/30  6E15  1.15  20P4  BM 25L 

In  2095  125  aw 153 
ECC84  0.60  PCC84  0.50  1.25 6E17  1.15 291 -5B1 9•95  oro251.13 
ECC85  0.60  PCC89  0135 VR150/30  1.35 6F23  0.75  25 Z4G  0•78  'f' 1420 
ECC86  1.70  PCC189  1.05 X66  s 0.95 5E24  "75  39 C19  0•88  Y11 430ECC88  0.80  PCF80  0.80 X61M  1.70 6F33  10.50 

y ... 30 E17  0.50  YL 1440 
ECC189  0.95  PCF82  0.70 XR1-64 A  5FFI8 ..... 30C18  216, QXU 6 
ECC804  0.90  PCF84  0.75  02.90 6GA8  090 30p9  1.1 5 CV1597 
ECF80  0.85  PCF86  1.50 Z759  19.00 6GH8A  0.95 39FL2  1.40 CV2116 
ECF82  0.65  PCF87  0.50  2249  0.75 666  1.60 30FL12  1.25 4CX 150013 
ECF801  1.05  PCF200  1.60 Z800U  145 614  1.35 30E114  2.15 BR 189 
ECH34  2.25  pQE201  1.65 2801U  3.75 614WA  2.00 30115 „  1.10 BR 179 
ECH35  1.70  PCF800  0.50 2803U  16.00 615  '-'n"  301.17  1.10 CV 8131 
ECH42  120  PCF801  1.75 z9o0T  2.45 &MGT aso 30P12  1.15 GMU 2 
ECH81  0.70  PCF802  0.85  1A3  0.85 616  0.65 30PL13  125 Ty4.500 
ECH84  0.80  PCF805  2.45  1L4  0.50 616W  0.90  30PL14  2.45 BK485/55528 
ECL80  0.70 • PCF806  1.20  155  2.95 ECL82  0.75  PCF808  275  154  0.60 6.1E6C  35L6GT  1.40 MIL 5948/1754 

0.45 EJS6C  2.95   
ECL83  1.40  PCH200  1.35  1S5  0.45 61(7  090  35W4  080  IC  

2.80  35Z4GT ECL85  0.80  PCL81  0.75  114  0.45 616M  0.80 
ECL86  0.90  PCL82  0.95  1U4  000 61 6G 2.50 40106  319 SN5402N 0.28 

5  1.19 SN5410F  0.32 
EF37A  2.15  PCL84  0.90  1X213  1.40 6L6GC  1 35 ,,955470F  0.48 
EF39  1.80  PCL86  1.05  2021  1.10 6L6GT  1.25  f', ̀,_"•.';'- '  S5541961 1.20 
EF80  *0.65  PCL805/85 1.25  1.95* 6L7G  0.65  .5  /  125 
EF83  1.75  P06001510 4.30  21(25  11.90 6L18  0.70 75 E1 1.70 557407N 0.29557408N 0.18 
EF85  0.60  PFL200  1.10  2X2  1.15 61(16  2.95 76  0*95 SN7445P 0.85 
EF86  0.75  2.80  am  0.70 61020  0.70 78  0.95 SN74453P 1.10 
EF89  1.05  PL36  1.25  3AT2  2.40 6KG6A  2.70 80  1.7,0„ SN74535 0.18 
EF91  1.50  PL81  , 0.55  3D6  0,50 607G  1.30  0582  4.̀" S5741735 0.38 

n/ 
EF92  2.90  PL82  0.70  3022  23.00 6SA7  1.00  *̀n" . SN7474N 0.30 
EF95  0.65  PL83  0.60  3E29  19.00 6SG7  115 723A/B  11.90 , nn  SN7485N 0.95 
EF96  0.60  PL84  0.95  394  0.60 6617  1.05 807  ....,.....„ SN74L85N 1.10 
EF183  0.80  PL504  1.45 4032  18.25 65K7  0.95 813  .44 .4 SN7491AN 0.32 
EF184  0.80  PL508  1.95  513/254M 16.90 6SL7GT  0.85 829B  14.00 SN74123N 0.42 
EF804  4.95  PL509  2.90  513/255M 14.50 6SN7GT  0.80 832A  8.90 DM74123N 0.38 
EF812  0.75  PL519  3.20  513/258M 1150 6SR7  1.10 8668  350  SN15836N 0.26 
EFL200  1.85  PL802  3.20  9c22  20,90 6902  0.95 866E  625  SN76013N 1.80 
EH90  0.85  PY33  0.70  5R4GY  1.80 6V6G  1.50 9318  13.80 SN76003N 1.60 
0132  1.10  PY80  0.70  5U4G  0.75 6V6GT  0.95 954  0.60  SN76033N 1.95 
EL34  1.80  PY81/800  0.85  5v4G  0.75 6X4  0.75  955  0.70 MC6800P  8.20 

- 2.80. PY82  0.65 5Y3GT  0.80 6X4WA  2.10  956  0.60 MC68BOOP 9.80 
E137  4.40  PY83  0.80 923  1.50 6X5GT  0.66  957  1.05 MC1451113A1 

2.45  9Y89  055  5Z4G  0.75 6Y8G  0.90  1625  1.80  2.95 
EL82  0.70  PY500  1.70 5Z4GT  1.05 624  0.70  1629  1.85  B1702AL  4.30 
EL84  0.80  PY809  6.45  6/3013  0.90  292  1.75  2051  2.90  MM6300-1.1 
EL86  0.95  Pvarn  0.80  68137  0.70 7Y4  1.75  5763  4.20  3.80 
EL90  1.00  QQV03/10 2.85 6AC7  1.15 902  0.70  5842  7.50  MCM6810AP 
EL91  4.20  Q0V03-20A  6AG5  0.60 906  2.90  5881  3.40  3.40 
EL95  0.80  14.40 6AH6  1.15 10C2  0.85  5933  6.90 6340-12  3.60 
EL504  1.70  QQV03-25A  6AK5  0.85 10E18  0.70  6057  2.20  MIC945-51) 0.28 
01803  5.90  2120 6A68  0.60 10P13  1.00 6060  1.95  MIC936-5D 0.22 

VALVES AND TRANSISTORS  FIELD TELEPHONES TYPE "J". 
Telephone enquiries for valves, transistors, etc:  Tropical, in metal cases. 
retail 749 3934, trade and export 743 0899. 

10-LINE  MAGNETO 
S WITCHBOARD. Can work with 

PRICES MAY VARY  every type  of  magneto tele-
TEST SET FT2 FOR TESTING Transceivers 8,40,  phones. 
8,41, A42 and CPRC26, 
HARNESS "A" & "B" CONTROL UNITS "A" "R"•  POSTAGE: £1-£3 45p; £3-£5 55p; 
"J1" "J2," Microphones No 5, 6, 7 connectors,'  £5-£10 60p; £10-£15 75p; • £15-
frames, carrier sets, etc. 
DRUM CABLE continuous connection YC 00433.  £20 90p; over £20 free. 

TeL 01-743 0899 
CO LO M 0 R  or 01-749 3934 
(ELECTRONICS LTD.)  Open Monday to Friday 

170 Goldhawk Rd., London W.12  9 a.m.-5.30 p.m. _  _ _ 

"New Breed" for the 80's 

* range of Monolithic Ceramic Capacitors 

Full range of NPO and X7R dielectrics in 3 body sizes 
-lpf - 

Very robust construction 
Short rectangular rigid leads with meniscus free shoulder 

No flux trap 

Try the "New Breed" 
contact Vitramon Limited for further information 

>wee 
Vitramon Limited • 
Wycombe Lane 
Wooburn Green 
Buckinghamshire 
Telephone: 06285 24933 

W W - 015 FOR FURTHER DETAILS 

madeto ie ,, spec F 
Yv'er MO08, CAA  AP PROVEP 

A „AA iEwL, .0,CH0RuYsE. 1-0RAL.EL,,..Ssulij, 
P. ENGLAND R146 gal odey)  

Cables Aeroc œ Tel, Honey 

TEST INSTRUMENTS 
THANDAR -  Mains Adaptors: 

DIGITAL MULTIMETERS (LED):  PDM35, DM450, PFM200  £4.95 
PDM35 £34.50  DM235  £52.50  DM235, DM350, TF040....  £4.95 
DM350  £72.50  DM450 £119.00  TF200, TP600, SC110  £4.95 
DIGITAL MULTIMETERS (LCD):  Rechargeable Battery Pack: 
TM351 .. £99.00  TM352 .. £49.95  DM235, DM350, DM450, SC110 
TM353 .. £84.00  TM 354 .. £39.95  .   £7.50 
FREQUENCY METERS:  Universal Test Lead Set  £9.80 
PFM200 £49.80  TF040 £110.00  40 kV Probe  £29.95 
TF200 £145.00  .  Connector Pack (PFM200)  £9.80 
PRE-SCALER: TP600  £37.50  probes (for SC110, TF040, TF200): 
OSCILLOSCOPE: SC110.... £139.00  X1  . £7.00  X10  £7.70 
PULSE GEN: TG105  £85 .00  Sprung Hook/Tri mmer Pack 
FUNCTION GENERATORS:  (for SC110)  £2.50 
TG100... £79.00  TG102 £145.00  Instru ment case  £8.95 
Carrying cases:  Bench Instrument Rack  £19.95 
DM235, DM350, DM450  £7.70 

SERVICE MANUALS (each) £3.00* PDM35, TM354, PFM200  £3.00 
*No VAT on manuals TM351,  TM353,  TF040,  TG102, 

TF200, TG105, TG100:  £5.95  15% VAT on all other prices 
TM352.... £1.75  SC110  £7.70  Thandar orders £1 p&p 

SAFGAN SCOPES 
DT-410 £169  DT-412 £175  DT-415 £188 

Probe 1X 1-REF-X1 0) £11.50. P&P £3.50 or parcel service £6.50 (+15%) 

(All prices plus 15% VAT) 

Many more instru ments in LEADER and TMK ranges 

All prices correct at 1.6.81 BAFK1ANKARD e 
4i i...... 

lim It e ith bxev, 
Cash with order or Credit Card 

Catalogue available 30p 
VISA 

DAROM SUPPLIES 
Open: Monday-Friday 9 a.m. - 5.30 p. m. 

4 SANDY LANE, STOCKTON HEATH 
W ARRINGTON W A4 2AY, CHESHIRE 

. Telephone: (0952) 64764 

W W-012 FOR FURTHER DETAILS . 
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AI COMPUTER WAREHOUS 
RAM AND EPROM NEW LOW VAT INCLUSIVE PRICES  1 

2716 5v Rail  £7-50  4116  200 NS 16KX1 DYN. 8for £19-95 
2716 3 Rail  £8-50  21141,3  300 NS 1KX4 ST.  8 for £22-50 
2708 450 NS  £4-50  2102L-3  650 NS 1KX1 ST.  8 for £ 5-50 
2708 Ex Equip £2-25  TIVI%111.10,1L 300 NS 4KX1 DYN  8for£ 9-95 

All devices full spec. and guaranteed. Bulk enquiries welcome. 

TELETYPE ASR33 
I/O TERMINALS 

From  Liqg + CAR • 
+ VAT 

Fully fledged industry standard ASR33 data ter-
minal. Many features including: ASCII keyboard 
and printer for data I/O, 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 f25.00 + VAT 

EQUIPMENT CASES 
GIVE 
YOUR 
M.P.U. 

A HOME 
ONLY 
£9._95 +1. pp_ 

Superb Professional fully enclosed, made for thé 
G.P.O. to the highest standard, offered at a 
fraction of their original cost they feature 
aluminium sides, hinged removable front panel, 
which can be secured by 2 screws to prevent 
prying fingers. All are finished in two tone G. P.O. 
grey and although believed brand new may have 
minor scuff marks/scratches due to bad storage. 
Dimensions 113"D x 6 14"H x 14%"W 

NATIONAL MA1012 LED 

CLOCK MODULE 
*12 HOUR 
*ALARM 
*50/60 HZ 
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}" and by addition of a few switches and 5/16 
volts AC you have a multi function alarm clock at a 
fraction of cost. Other features include snooze 
timer, am pm, alarm set, power fail indicator, flash-
ing seconds cursor, modulated alarm output etc. 
Supplied brand new with full data only 
Suitable transformer £1.75.  £5.25 

11,, 

NO W OPEN 
MONDAY-SATURDAY 

9.30-5.30 
ln stock now test equipment, microprocessors, te etypes, 

transformers, power supplies, scopes, sig. gens, motors, peripheral 

equipment, IC's, tools, components, variacs, keyboards, 

transistors, microsvvitches, V.D.U's sub-assemblies + thousands oi 

other stock lines. Just a mere fraction of our vast range, is 

displayed below: 100's of bargains for callers. 

ICL TERMIPRINTER SCOOP PURCHASE 
300 BAUD TERMINALS 12" VIDEO MONITORS 

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 features it is impossible to list them in the 
space available! Brief spec, as follows; RS232 
serial interface, switchable baud rates 1 10, 150, 
300, 130 cps), upper and lower case correspond-
ence type face, standard paper, almost silent run-
ning, form feed, electronic tab settings, suited for 
word processor applications plus many more 
features. Supplied in good condition and in work-
ing order. Limited quantity. 

CONNECT 
DIRECT TO 
YOUR MICRO 

Made by the "BALL MIRATEU CORPORATION USA 
the C012 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/CCTV application. 
Brand new and boxed only  en-, •••••• 
+ carriage £7.50 + VAT  L  4. VAT 
Input harness, brightness pot and connector £2.50 
+ VAT. Dimensions 9"H x 11"D x 11r111/ 

HURRY WHILE STOCKS LAST 

THE PRINTER SCOOP OF THE YEAR 
THE LOGABAX 280 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 

grofessional or hobbyist user. 
STANDARD FUNCTIONS *Full ASCII character set *Standard 

ink ribbon *RS232N24 serial interface -7 xtal controlled baud rates up 
to 9600 *194 characters per line *Parallel interface *Handshakes on serial and parallel 

Frts *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 2708 eproms easily reconfigured for custom fonts etc. 

All this and more, not refurbished but BRAND NEW At Only £525 + VAT 
4 carriage and ins. £18.00 + VAT 

OPTIONAL EXTRAS *Lower case 05.00 *16K buffer moo* Second tractor for 
simultaneous dual forms£85.00*Logabax maintenance. P.O.A. 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mixed semiconductors, include 
transistors, digital, linear IC. 's, triaca, diodes, bridge 
recs, etc. etc. All devices guaranteed brand new, full 
spec. with manufacturers markings, fully guaranteed. 

50 + BAG £2.95 100 + BAGS £5.15 

MUFFIN FANS 
Keep Vag equipment Cool and Reliable with our tested ea-equipment 
"Muffin Fans" almost silent running and easily mounted. Available in 
two voltages. 110 V.A.C. £5.05}p1, 90p OR 240e A.C. £6.15+PP 
110p DIMENSIONS 41' o 49" o 1} . 

E LE CTR ONIC 

CO MPONE NTS 

& EQUIP ME NT 66% 

AS HARD DISK DRIVES 
Another major purchase allows us to bring you the professional technology of ha 
disk drives at a price you can now afford. Just imagine absolutely masses of cor 
data transferred or saved on your system by the time your finger leaves the Caniag 
return key!! All drives offered are made to the highest professional standard by t 
DRE Co., perhaps the largest of UK OEM peripheral manufacturers. All components 
are batch selected to obtain the utmost reliability and after having run two series 30 
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 exchang-
able (via removing top cover) disk cartridges. Sectoring is a feature of the disk pack 
and may range from 8-48. Fully DEC RK05, Nova, Texas, system compatable. 
Requires + & -15v DC Supply. 
Series 30 Drive £475 + VAT Series 30 Front Loader £695 + VAT  • 
DC Power Supply £125 + VAT 
ORE 4000 B Series. Model 4044. Technology at its finest, this drive currently 
manufactured by ORE features 10 MB's of on line storage split into two disk plattens, 
1, 5 MB fixed and 1 tOp load 5 MB type 5440 exchangable cartridge. Features, DC 
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 

*For DEC compatability or alternate sectoring please enquire. Xylogics DEC LSI 11 
controller for 4 530 or 2 4000 drives £850 + VAT Newton Labs S100 controller for 4 
S30 or 2 4000 £625 + VAT Controller for TRS80, PET, APPLE, price to be announced. 
NEW 2315 12 sector disk packs £40 + VAT 
NEW 5440 any sector pacics £48 + VAT 
ORDER NOWI/These prices may never be repeated. Specialist carriage S30 £15.00 + VAT 4000 
£20 + VAT 

• • •  •  • • • 
•  • • • • 

DISCOUNT • • • • 
• • • • • • 
• • • • 

Due to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of IC's, Transistors, 
Relays, Cap's., P.C.B.'s, Sub-assemblies, Switches,, 
etc. etc, surplus to our requirements. Because we 
don't have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the "BARGAIN PARCEL OF A LIFETIME" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include something from our ads. 
for unbeatable value!! Sold by weight 

25k1s 4.75+pp £1.25  MN f 6.75+pp £1.80 
1016 £11.75+ pp £2.25  20Ids £19.99+pp £4.75 

• • • • • 
• • • 
•  • • 
• • • •  • 
•  •  • 

•  •  •  •  •  • •  • • 
• • •  •  • • •  •  •  • 

ELECTRONICS 
Dept WW. 64--66-Melf-ort Rd., Thornton Heath,  MAIL ORDER 
Croydon, Surrey, Tel: 01-689 7702 or 01-689 6800  INFORMATION 
Unless otherwise stated all price a 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 60jS per order. Bona Fida account orders 
minimum £10.00. Export and trade enquiries welcome. Orders despatched 
same day where possible. Access and Barclaycard Visa welcome. 

• • 
•  •  • • 

• •  • • 

EX 
STOCK SOFTY 

EPROM BLOWER 
Software  development  system 
invaluabletool 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 
+ cam + VAT. Optional 2716, 2716 
Function Card £40 + VAT. PSU £20 

+ £1.50 cart + VAT 
Write or phone for mom details. 

JUST IN 
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 + £7.50 carriage 
Complete with circuit. 

STEP INTO THE 80's 
WITH TOMORRO WS WORLD 
TECHNOLOGY TODAY 

THE TA NTEL 
PRESTEL-VEWDATA 

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! 

ONLY E170 
• + £1.75 carr. + VAT 
SEND £197.51 

RCA FULLY CASED 
ASCII CODED 

KEYBOARDS 
IDEAL - 
TANGERINE, 
OHIO ETC, . 

Straight from the U.S.A. made by the world famous fl.C.A. Co., the 
VP600 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. Guararteed in excess of 
5 million operations. The keyboard has a host of other features 
including full ASCII 128 character set, user definable keys, 
upper/lower case, rollover protection, single 5V rail, keyboard 
impervious to liquids and dust, TTL or CMOS outputs, even an 
on-board tone generator for keypress feedback, and a 1 year full 
R.C.A. backed guarantee. 
VP601 7 bit fully coded output with delayed •  - 
strobe, etc. £43.95 
VP611 Same as VP801 with numeric pad.  £54.95 
VP606 Serial, RS232, 20MA and TTL output, with 
6 selectable Baud Rates.  £60.95 
VP616 Same as VP606, with numeric pad,  £72.50 
Rug and cable for VP60I,VP611 £2.26 
Plug for VP606, VP616  the 
Post, Packing and Insurance. ' 
OR ER NOW OR SEND FOR DETAILS 

£1.95 

5v D.C. PO WER SUPPLIES 
Following the recent "SELL OUT" demand for our 5v 
3 amp P.S. U. we have managed to secure a large quan-
tity of ex-computer systems P. S . U.'s with the following 
spec.; 240 or 110v A.C. input. Outputs of 5v @ 3-4 
amps, 7.2v @ 3 amps and 6.5v @ 1 amp. The 5v and 
7.2v outputs are fully regulated and adjustable with 
variable current limiting on the 5v supply. Unit is self 
contained on a P.C.B. measuring only 12" x 5 x 3". 
The 7.2v output is ideal for feeding "on board" regu-
lators or a further 3 amp 1M3231( regulator to give an 
effective 5v @ 7 amp supply. 
Supplied complete with circuit at only £10.95 -4-£1.75 pp. 
Believed working but untested, unguaranteed. 

W W - 023 FOII FURTHER DETAILS 

Www.americanra iohistorv.com 

W W-069 FOR FURTHER DETAILS 
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ANGLIA COMPONENTS 
ELECTRONIC  COMPONENTS 
FROM  STOCK 

ANGLIA 
COMPONENTS 

BURDFT-

FROM 
STO' 

RE( 

ANGLIA 
COMPONENTS 

FROM 
STOCK 

vr  ANGLIA 
COMPONENTS 
Slug. 

ANGLIA 
COMPONENTS 

FROM 
STO ' 

BURDETT  ROAD, WISBEC c COMPONENTS 
CAMBS.,  PE 13 2 PS 

TEL.: 0945  63281 
TELEX 32630 

FROM 
AEG  STOCK 

IRDETT  ROAD, WISRECH, 
CA h"   -) PS 

ANGLIA 

FROM 
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 

W ain allirunusillllI11111111111111111111111.11111:01 
l.  TELEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply. Speed 50 bauds per Imin. S/hand, good cond. (no parts broken), £28.75. OR G.P.O. M ODEL, as above except 

HE WLETT PACKARD Signal Generator HP608B. Freq. 10-400 MHz C. W. and A. M. 

motor, 110/230v. a.c., £34.50. Carriage either type £9.50. Send S.A.E. for list of 
Teleprinter spares available. 
TS.147 RADAR TEST SET Combination Sig. generator and frequency meter and 
power meter. Provides C. W. and F. M. signals, 115v. a.c., £225. Carr. £7. 

:  Output 1 microvolt to 8v,50. Mod. 400-1000Hz. 230v. a.c., £225. Carr. £10. 

1
 TRANSISTORISED 3cm. RADAR A MPLIFIER SWITCH: with 24v. waveguide 
switch, 9 x 4cm ins, with crystal CV.2355 and spark gap VX 1046, £17.95 + f 1 post. 
INSULATION TEST SET 0 to 10KV, negative earth, with Ionisation Amplifier,  ., 
100/230 volts a.c., £48.87 + carr. 

q  BC-221 FREQUENCY M ETER: 125-20,000kc/s, complete with original calibration  1 
:  charts, £24.15 + carr. 

ROTARY INVERTER TYPE: PE218E: Input 24-28v DC, 80 amps, 4,800r.p. m. Output,  ï 
llv AC, 13 amp 400 c/s. 1Ph.P.F.9. £234-carr. 

„„o RESONATOR PERFOR MANCE CTC 424 8.5 to 9.0 kmc/s 3 cm, £80.50 + post £2. 

E
INVERTER 24v. DC input 400 cycles 113116600 r.p. m. 200v, peak, £8.05 + £2 post. 
OXYGEN BOTTLE 18001b, w.p. £11.50 x ca m 

.  NOISE SOURCE UNIT with CV.1881 noise source mount. Produces thermal poise 
«  15.5dB 200/250v. AC. £8030.  . 
•  SIE MENS PO WER METER REL3U/84/Alb: 0-12kmHz lmw 500mw 6 ranges. 0.17dt, 
2  50 ohms; £92 + carr. 
G  CV.1596 CATHODE RAY TUBE: (09D, 09G), 4M, screen, green electrostatic base 
I.  BUB. HT1200 volts, heater 4 volts, £11.50. 

EVACUU M AND PRESSURE DEAL TEST EQUIP MENT: complete with 2 x 4in. 
ei  gauges indicating 0.201b. psi. 0.30Ib. vacuum. With stand, hand pump, etc., £34.50 + ca m 

:  TX-RX RADAR U NIT, 3cm, complete with magnetron, pulse transformers, crystals, 
j.. waveguides, blower unit, etc. £126.50 + carr. 
,.I M ARCONI RF PO WER M ETER, 1020A/1 dualrange 50 or 100 W £69 + carr. 
we .  HE WLETT PACKARD PO WER M ETER Type 43 IC, £75.50 + carr. 
2 T WENTY MILLION M EGO METER, £95 + carr. 
;  GAUSS M ETER Type GI, 3 ranges, 5,000/10,1300/25,000. £85 + carr.  _ 
im  SPERRY TRANSISTORISED SERVO-A MPLIFIERS TYPE Cl with circuit diagram, 1 £11.50 + £1.50 post. 

X-Y PLOTTER, £74.75 + £7 carriage. 
C.C.T.V. EHT UNIT, 50Kv. £75 + £10 carr. 
C.C.T.V. CABLE, 22- Way, 500 metres, £650 + carriage. 

SPECIALISTS SINCE 1912 
DOMESTIC 8, STAGE TYPES 
KITS OR MANUFACTURED 

SIX OCTAVES £207 
71/4  OCTAVES Di2 

The most ad-
vanced form of 
Touch  Sensitive 
action simulating 
piano key inertia 
by patented 
technique. 
Four mixable 
voices  for 
'serious tone 
variation plus 
electronic cho-
rus and fla mer 
effects. See lists 
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£79 
KIT 

MASTER 
RHYTHM 
tllser Programma-
ble. Twenty-four 
patterns. Eight 
parallel tracks 

£114 Twelve instruments 

Built tsioer ence opera-

Write or Phone for full details of our 
range of high quality Kit and manufac-
tured electronic Musical Instru ments.; 
Prices include V A T., Carr. & Ins. and 
we  operate  Telephone  BARCLAY-
CARD. Visit our Showroo m. 

CLEF PRODUCTS (ELECTRONICS) 
LIMITED 

for Cabinets, PA.  Dept. W, 44a Bra mhall Lane South  , 
and Manufac 

Component ture.  Bra mhall, Stockport, Cheshire SK7Kit  1AH 

061-439 3297 
WW - 043 FOR FURTHER DETAILS    

LOW VOLTAGE 
POWER DRILLS 

AND ACCESSORIES 
Illustration shows Titan Drill and Stand 

(Price £27 inc. VAT and Postage) which 

is One of the co mbinations which can be 

purchased fro m our co mprehensive range 

of Drills and Acces eries. 

"rices fro m £8.34 (Reliant Drill only) inc. 

VAT and Postage. 

Send 25p for Catalogue. 

A. D. BAYLISS RR SON LTD. 
PFERA W ORKS, RED M ARLE Y 

GLOUCESTER GL19 3JU 
Barclaycard, Access Welcome. 

Tel. Bro mesberro w (053 181) 273 

Stockists:  Richards Electric, Gloucester 
D & D Models, Hereford 
Hoopers of Ledbury 
Hobbs of Ledbury 

11. 
OM 

BARGAIN M APS 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

including: 

'ONC-E1 - U.K. in full afid part N W. Europe. Scale 1:1,000,000. 
JNC-9N - N. Europe, U.K., Scandinavia. Scale 1:2,000,000. 
JN-21N - Europe (Mediterranean). Scale 1:2,000,000. 
SIZE 58" x 42". colour. Many others. Please send S AE. for list. 
Price each 75p (inc. P&P) 
25 x Maps (either some type OR assorted), £10 + £1.60 P&P. 
10 x Maps (either same type OR assorted), £6.50 (in. P&P). 

All prices include VAT at 15% 
Carriage quotes given are for 5D-mile radius of Herts. 

I  W. MILLS 
The Maltings, Station Road 
SA WBR1DGE WORTH, Herts. 
Tel: Bishop's Stortford (0279) 725872 

all 

a 
E 
É 
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.  I Mu mini m u m I Ififfiltit. 

P.&R. COMPUTER SHOP 

EPSON MX-80 80.GPs DOT MATRIX PRINTER WITH 
SPECIAL INTERFACES. 3982 IBM I/O 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. 

COME AND LOOK AROUND 

SALCOTT MILL, GOLDHANGER ROAD 
HEYBRIDGE, ESSEX 

PHONE MALDON (0621) 57440 

WW - 044 FOR FURTHER DETAILS 

MAINS INTERCOM 

ese ate 

NEW 
IMPROVED 

£37.99 
+ VAT £5.70 per pair 

NO BATTERIES, NO WIRES. Made to high 
Safety and Telecommunications Standard. The 
modern way of instant 2-Way communications. 
Just plug into power socket. Ready for use. 
Crystal cleft communications from room to 
room. Range 1/4  mile on the same mains phase 
with call buzzer and light indicator. On-off 
switch. Volume control. Useful as inter-office 
intercom between office and warehouse, in 
surgery and in homes, between house and 
garage. Also useful as burglar alarm. 6 months' 
service guarantee. P&P £1.95. Also F.M. 2-
channel model £55.95 + VAT £8.40 -I- P&P 

NE W! A MERICA N TYPE CRADLE 

TELEPHONE AMPLIFIER 

erib ¡Te ti 
ONLY £18.95 

+ VAT £2.85 + P&P £1.65 
New improved battery operated Telephone 
Amplifier with  detached plug-in speaker. 
Placing the receiver on to the cradle activates 
on/off switch for immediate two-way conver-
sation without holding the handset. Many 
people can listen at a time. Increases effi-
ciency .In office, shop, workshop. Perfect for 
conference calls, leaves the user's hands free 
to make notes, consult files. No "holding on", 
save money and long-distance cells. Volume 
control. Model with conversation recording 
facilities. Price £20.95 + VAT £3.15, post and 
packing for either model £1.65. 

10 days' price refund  ua rantee. 

£2.15.per pair.  ;  Barclaycard and Access welcome. 
WEST LONDON DIRECT SUPPLIES (WW) 

169 KENSINGTON HIGH STREET. LONDON W8 6SN. TEL. 01-937 5548. 

R ST _ 
SEMICONDUCTORS 
AA119  0.02 
AAY30  0.20 
AAY32  0.48 
AAZ13  0.17 
AAZ15  0.17 
AAZ 17  0.17 
AC107  0.63 
AC125  0.29 
AC126  0.29 
AC127  0.29 
AC128  0.35 
AC14I  0.32 
AC14IK  0.40 
AC142  0.32 
AC142K  0.40 
ACI 76  1).35 
ACI 87  0.32 
ACI 88  0.32 
ACY17  1.50 
ACY18  1.32 
ACY19  1.27 
ACY20  1.27 
ACY21  1.32 
ACY39  2.88 
ADI49  0.86 
ADI61  0.40 
AD162  0.40 
AFI06  0.40 
API 14  0,86 
AP] 15  0.86 
AF116  0.86 
API 17  0.86 
AFI39  0.38 
AFI86  1.15 
AF239  0.45 
AFZI1  4.60 
AFZ12  4.60 
ASY26  1.61 
ASY27  1.04 

LANGREX 
Climax 

ASZ 15  1.38 
ASZI6  1.27 
ASZ 17  1.15 
ASZ20  2.64 
ASZ21  2.88 
AU113  2.88 
AUY10  3.45 
AUI10  2.88 
BAI45  0.15 
BA148  0.17 
BA154  0.12 
BA155  0.13 
BAI56  0.12 
BAW62  0.06 
BAXI3  0.07 
BAX16  0.07 
BC107  0.18 
BC108  0.18 
BC109  0.18 
BC113  0.17 
BC114  0.17 
0C115  0.21 
BC116  0.22 
BC117  0.16 
BCII8  0.21 
BC125  0.21 
BCI26  0.21 
BCI35  0.17 
BCI36  0.22 
BC137  0.22 
BCI47  0.14 
BCI48  0.14 
BCI49  0.15 
BC157  0.15 
BC 158  0.15 
BCI59  0.15 
BCI67  0.13 
BC170  0.13 
BC171  0.12 

House, 

Tel: 

13C171  0.13 
BCI73  0.13 
BCI 77  032 
BC178  0.16 
BC179  0.32 
BC182  0.35 
BCI83  0.13 
BC184  0.13 
BC212  0.13 
BC213  0.13 
BC2I4  0.13 
BC237  0.13 
BC238  0.13 
BC301  0.38 
BC303  0.39 
BC307  0.13 
BC308  0.13 
BC327  0.14 
BC328  0.14 
BC337  0.14 
BC338  0.14 
BCY30  1.44 
BCY31  1.73 
BCY32  1.73 
BCY33  1.27 
BCY34  1.15 
BCY39  3.91 
BCY40  3.22 
BCY42  0.35 
BCY43  0.35 
BCY58  0.22 
BCY70  0.20 
BCY7I  0.21 
BCY72  0.20 
BCZ 11  2.01 
B0115  0.48 
B0121  1.96 
00123  3.22 
B0124  2.30 

SUPPLIES LTD 
Fallsbroolc Rd., Streatham, London S W16 6ED 

01-677 2424 Telex: 946708  R ST 
50131  p.51 
B0132  0.55 
BDI35  0.46 
B0136  0.46 
B0I37  0.46 
BD138  0.55 
BD139  0.55 
BD140  0.58 
BD144  2.30 
130181  1.38 
BD182  1.36 
130137  0.62 
B0238  0.62 
00X10  1.05 
B0X32  2.30 
BDY20  1.73 
BDY60  3.16  

0E115  0.40 
BF152  0.18 
0E153  0.18 
0E154  0.20 
0E159  0.20 
0E160  0.20 
0E167  0.28 
8E173  0.35 
BF177  0.40 
0E178  0.40 
8E179  0.40  

0E180  0.32 
BF181  0.32 
0E182  0.35  
0E183  0.32  
0E184  0.32  
0E185  0.35  

0E194  0.16 
0E195  0.14 
0E196  0.15 
0E197  0.16 
0E200  0.46 
0E224  0.29 
0E244  0.32 

0E257  0.3 
0E258  0.31 
0E259  0.32 
0E336  0.39 
BE337  0.38  
BF338  0.41 
13FS21  4.60 
BFS28  2.58 
8E061  0.23 
0E598  0.23 
BF W10  1.12 
BFW11  1.10 
BFX84  0.35 
BFX85  0.35 
BFX87  0.35 
BFX88  0.35  
BEY50  0.29  

BEy51  0.26 
BEY52  0.29 
BF-1,64  0.35  
EFy90  1.09 
B5X19  0.31 
135X20  0.31 
B0X21  0.33 
BT106  1.38 
BTY79/40OR 

2.30  
Bu m  1.50 
0u206  1.73 
BU208  2.30 BY100  0.44  
BY126  0.15  
BY127  0.16  
BZX61  0.20  

Series 
BZY88  0.12 
Series 
CAS I/40  0.69 
CRS3/06  0.52 
CRS3/40  0.86 

CRS3/60  1.04 
GEX66  1.73 
GEX54I  5.75 
GPM  1-73  
GM0378A 2.02 
KS100A  0.52 
M70345  0.69 
M10370  0.84  
MJE37I  0.82 
MJES2O  0.54 
M 1E521  0.84 
M1E2955  1.50 
M JE3055  1.27 
MPF102  0.40 
MPF103  0.40 
MPF104  0.40 
MPFI05  0.40 
MPSA06  0.30 
MPSA56  0.32 
MPSUO1  0.61 
MPSUO6  0.25 
MPSU56  0.79 
NE555  0.52 
NKT401  4.03 
NKT403  2.88 
NKT404  2.53 
0A5  1.38 
0A7  0.69 
0A10  0.63 
0A47  0.14 
0A70  0.29  
0A79  0.14  
0A81  0.20  
0A85  0.20  

0A90  0.09 
0A91  0.09 
0A95  0.09 
0A200  0.17 
0A202  0.17 
0A211  1.73 
OAZ200  1.73 

OAZ.-20T . 1,73 
OAZ206  1.73 
OAZ207  1.73 
0C16  2.88 
0C20  2.88 
0€22  208 
0C23  4.60 
0C24  3.45 
0C25  1.15 
0C26  1.73 
0C28  2.30 
0C29  2.30 
0C35  1.73 
0C36  1.73 
0C41  1.04 
0C42  1.04  

0C43  1.73 
Oc4.4  0,98 
0C45  0.75 
0071  0.63 
0072  1.15 
0073  1.15 
0074  0.81 
0075  0.75 
0076  1.15 
0077  1.15 
0081  0.75 
0081Z  1.38  
0082  1.04 
0083  0.92 
0084  0.92  
0C122  3.16  
0C123  2.30  
0C139  3.45  

0C140  4.60 
0C141  4.93 
0C170  1.44 
0C171  1.44 
0C200  1.73 
0C201  2.88 
0C202  3.16 

. 0C203  3.45 
0C204  3.45 
0C205  3.16 
0C206  3.16 
0C207  2.88 
OCP71  2.30 
ORP12  1.15 
R20080  2.30 
02009  2.59 
0201013  2.30 
T1C44  0.31 
T1C226D  1.38 
TIL209  0.18 
T1P29A  0.49 
TIP30A  0.52 
TIP3IA  0.38  

T1P32A  0.41 
T1P33A  0.62 
T1P34A.  0.77 
TIP41A  0.51 
T1P42A  0.48 
TIP2955  0.81 
T1P3055  0.64 
T1S43  0.49 
Z5140  0.29 
Z5170  0.24 
ZS178  0.62 
ZS271  0.26 
ZS278  0.65 
ZTX107  0.14 ZTX108  0.14  
ZTX109  0.14  
ZTX300  0.15  
ZTX301  0.16  

ZTX302  0.21 
ZTX303  0.21 
ZTX304  0.23 
ZTX311  0.15 
ZTX314  0.29 
ZTX500  0.16  

ZTX501  0.16 

ZTX502-  6.21 
ZTX503  0.22 
ZTX504  0.24 
ZTX531  0.28 
ZTX550  0.29 
150914  0.06 
1N916  0.10 
1N4001  0.07 
1504002  0.07 
1504003  0.07 
1504004  0.08 
1N4005  0.10 
IN4006  0.13 
1504407  0.14 
1N4009  0.08 
1N4148  0.05 

1N5400  0.15 
1505401  0.0 
1044  0.05 
15920  0.09 
10921  0.10 
20301  1.15 
20302  1.15 
20306  1.15 
250404  1.50 
2N696  0.37 
2N697  0.37 

'  250698  0.37 
2N705  1.44 
2N706  0.29 2N708  0.29  
250930  0.29  
2N1131  0.35  
2N1132  0.35  

2NI302  1.38 
2501303  0.92 
2501304  1.38 
2N1305  1.15 
2N1306  1.73 
2N1307  1.27 

2NI308  2.01 

2N1309  1.38 
2Nl6t3  0.37 
21,11671  1.73 
2N1893  0.37 
2N2147  4.60 
2502140  4.31 
25022I8  0.37 
2502219  0.37 
2N2220  0.23 
250222!  0.23 
2N2222  0.23 
2N2223  0.64 
2N2368  0.29 
2N2369A  0.29 
2N2484  0.29 
2N2646  0.58 
2N2904  0.37 
21,12905  0.37 
2N2906  0.24 
2N2907  0.24 
2N2924  0.30 
2N2925  0.25 
2512926  0.17 
2N3053  0.30 
2N3054  0.63 
2N3055  0.75 
2N3440  0.81 
2N3441 ' 0.98 
2N3442  1.44 
2N3614 2.53 2N3702  0.13  
2N3703  0.13  
2503704  0.13  

2N3705  0.13 

2N3706  0.13 
2N3707  0.13 
2N3708  0.12 
2N3709  0.13 
2N3710  0.12 
2N371  I 0.12  

. 
. 2N3771  1.61  
2N3772  1.54 
25.13773  2.07 
2N3819  0.35 
2N3820  0.45 
2503023  0.69 
2N3866  1.15 
2N3904  0.20 
2N3905  0.20 
2N3906  0.20 
2N4058  • 0.23 
2N4059  0.23 
2504060  0.18 
2N4061  0.18 
2N4062  0.18 
2N4I24  0.18  
2N4I26  0.18  • 
2N4286  0.17 
2N4288  0.21 
2N4289  0.21 
2N5457  0.37 
2N5458  0.37 
2N5459  0.37 
25017  11.50 
20019  13,80 
25026  28.75 
25103  1.73 
20302  2.30 
20303  1.73 
2S322  4.03 25324  4.03  
25701  2.30  
25745A  1.09  

25748A  1.09 

. 

VALVES 
A1834'  -1-035 
A2087  13.58 
A2134  20.13 
A2293  8.62 
4.2426  17.63 
A2521  24.38 
4.2900  14.43 
4.3343  25.56 
AZ31 1.26 
AZ41  1.31 
BK448  110.27 
B50484  149.09 
BS90  52.27 
BS810  35.24 
BTS 58.13 
BT17  106.89 
BT19  36.17 
BT29  327.69 
BT69  333.50 
BT75  10 2.46  
BT95  127.02 
CBL31  2.30 
CL33  2.30 
CY31  1.15 
C1K  21.30 
C3A  11.50 
C3JA  23.23 
04.41  21.50 
DA42  12.30 
DAI S  112.62 
DAF91  0.46 
DAF96  1.15 
DET22  32.78 
DET24  52.90 
DF91  0.46 
DF96  1.15 
DK91  1.21 
DK92  1.44 
DK%  1.26 
DL92  1.26 
DL94  1.38 
DL%  1.26 
DLSIO  9.48 
DLSI5  12.37 
DLSI6  12.37 
DLSI9  12.37 
DM70  1.44 
DM71  1.44 
DMI60  3.96 
DY87  0.74 
DY802  0.96 
E55L  25.17 
E8OCC  10.13 
E80CF  12.96 
E8OF  14.19 
E8OL  13.98 
E81CC  6.62 
E81L  14.06 
E82CC  7.03 
E83CC  7.16 
E86C  12.48 
E88C  7.12 
E88CC  3.86 
E9OCC  9.90 
E9OF  10.38 
E9111  5.34 
E92CC  9.40 
E99F  10.16 

El3OL  19.39 

ÉlrOFC M 
E182CC  9.90 
E186F  12.58 
E188CC  9.40 
E2800  25.88 
E283CC  9.02 
E288CC  18.54 
EA52  23.69 
EA76  2.30 
EABC80  1.38 
EAC9I  0.92 
EAF42  1.44 
EAF801  2.02 
EB41  2.30 
EB91  1.01 
EBC33  2.02 
EBC4I  1.44 
EBC81  1.26 
EBC90  0.97 
EBF80  0.58 
EBF83  1.44 
EBF89  007 
EBL31  2.88 
EC90  1.28 
EC9I  8.69 
EC92  • 1.44 
EC157  310.50 

4.02 
ECC35  4.02 
ECC40  2.30 
ECC81  1,01 
ECC82  0,82 
ECC83  1.01 
ECC84  1.36 
ECC85  1.38 
ECC86  230 
ECC88  2.07 
ECC89  1.88 
ECC9I  10.27 
ECC189  1.90 
ECC807  2.02 
ECC808  2.59 
ECF80  1.24 
EC M  1.38 
ECF86  1.73 
ECH35  2.30 
ECH42  1.32 
ECHO!  1.38 
ECH83  1.44 
ECH84  1.47 
ECL80  . 1.15 
ECL81  1.73 
ECL82  1.15 
ECL83  1.73 
ECL84  1.61 
ECL85  1.28 
ECL86  1.38 
EF37A  4.02 
EF39  3.16 
0040  3.45 
EF41  2.30 
EF42  2.30 
EF50  1.73 
EF54  5.75 
EF55  2.88 
EF80  0.92 
EF83  4.03 
E005  0.92 

EF86  1.74 se Iv 
EF92  6.68 
EF93  1.15 
EF94  1.24 
E095  6.27 
E098  1.44 
EF183  0.92  
EF18 4  0.96  
EF8045  12.65 
EF805S  12.65 
EH90 1.61  

EK90  1.24 
EL32  1.73 
EL33  4.02 
EL34TH  2.53  
EL34MUI 3.1 6 
EL36  1.84 
EL4 I  1.44 
EE42  2.02 
EL81  2.88 
EL83  4.03 
EL84  1.15 
EL86  2.88 
EL90  1.10 
EL91  8.21 
EL95  1.51 
EL156  27.60 
EL360  9.77 
EL500/504 2.16 
EL509  3.63 
EL821  11.46 
EL822  12.55 
EM34  5.75 
EM80  1.26  
EM81  1.15 
EM84  1.15 
EM85  1.44 
EM87  1.73 
EN32  16.28 
EN91  2.94 
EN92  6.18 
EY51  2.02 
EY81  1.89 
EY83  2.02 
EY84  10.57 
EY86  0.96 
EY88  2.02 
EY500A  2.23 
EY802  94 
EZ35  97 
EZ40  1.44 
EZ4I  1.44  
EZ80  0.96 
EZ8I  096 
EZ90  1.38 
FW4-500  2.88 
F9V4-800  2.88 
01.37IK 41.40 
0551K  12.65 
0180.2M 18.42 
0240,213  12.85 
0400.1K  19.28 
GN4  8.62 
GN4A  8.62 
GSI6  10.35 
GTIC  14.38 
GU50  14.31 
GU51  13.62 

GXU I  16.10 u(bii e.* 
GXU4  32.77 
GXU50  17.25 
GY501  3.16 
GZ32  1.44 
GZ33  4.60 
GZ34  2.88  
GZ37  4.60  
KT61  4.02 
KT66  11.50 
KT88  13.80  

KTW6I  2.02 
KTW62  2.02  

KTW63  2.02 
M8079  12.29  
M8080  9.49  

M8081  11.30 
M8082  9.87 
M8083  8.54 
M8091  11 99 
M8096  4.31 
040097  4.09 
040098  5.50 
M8099  5.98 
M8I00  9.49 
048136  9.75 
M8I37  9.73 
M8140  5.17 
M8141  5.52 
M8142  7.77 
M8144  4.31 
M8149  5.86 
M8161  011 
040162  10.36  

M8163  5.17 
040190  5.29 
M8195  4.25 
M8196  7.47 
500204  6.57 • 
M8212  12.47 
M8223  3.80 
M8224  4.66 
M8225  2.99 
M8248  13.32 
MU14  1.73 
MX119  58.65 
MX123  67.85 
MX145  58.65 
MXI51  17.25 
MX152  135.70 
31X161  166.75 
MXI63  23.11 
MX164  25.88 
MX166  142.60 
MX168  48.30 
N78  10.35 
04.2  2.36 
04.3  5.69 
-0A4  4.02 
0132  1.44 
003  2.20 
0C2  3.04 
0C3  2.20 
003  2.20 
OZ4  1.84 
PC86  1.61 
PC88  1.61 
PC95  1.49 

PC97  1.38 poso4 1:3j 
PCC85  1.38 
PCC88  1.39 
PCC89  1.56 
PCC189  1.61 
PCC805  1.51 
PCC806  2.07  
PCE82  2.07  
PCF80  1. 15 

. 
PCF86  1.84  

PC087  1.84 
PCF200  3.74  

PCF201  2.45 
PCF801  1.84  
PCF802  2.19  

PCF805  1.84 
PCF806  1.84 
PCF808  1.84 
PCL82  1.15 
PCL83  1.30 
PCL84  1.15 
PCL85  1.24 
PCL86  1.24 
PCL805/85 1.24 
PD500  4.14 
PE06-40N 31.40 
PFL200  2.07 
PL36  1.38 
PL81  1.38 
PL81A  1.38 
PL82  1.38 
PL83  2.55 
PL84  1.24  

01,504/5  1.61 
PL508  2.07 
PL509  3.73 
PL519  3.73 
PL801  1.27 
PL802  3.40 
PY33  1.27 
PY81  0.97 
PY82  0.92 
PY83  0.81 
PY88  1.01 
PY500A  2.07 
PY800  0.97 
PY801  0.97 
QQV02-6 14.44 
QQV03-20A 

20.13 
QQV06-40A  

47.15 
QQV07-50 60.66 
QQZ03-20A 

59.80 
QQZ06-40A 

55.10 
QU37  14.38 
QV03-12  5.13 
QV04-7  2.88 
QV08-100 

122.26 
QY3-65  57.06 
QY3- 125  61.02 
QY4-250  70.16 
QY4-400  80.44 
QY5-500 168.83 

QY5 3000A 

QZ06-20 31 918 
RIO  5.75 
017  1.89 
R18,  4.89 
R19  1.38 
R20  1.66 
RG3-250  35.77  
RG3-250A  37.49  
RG3-1250  36.23  

RG4-1250 43.93 
RG4-3000  89.64  

RR3-250  53.54 RR3-1250  94.83  

511E12  40.25 
5130  3.45  
SI3OP  4.03  

STV280-40 
11.50 

STV280-80 
24.15 

SU41  2.88 
SU42  10.35 
TD03-10 32.78 
TD03-10E 32.78 
TD03-29F 33.93 
1715  34.50 
rrn  14.16 
TT22  18.98 
TT100  59.51 
TY2.125  69.01 
TW4-400 74.07 
TY4-500 101.44 
TY5-500 178.25 
TY6-800  181.70  

TY6-5000A 
337.51 

TY6-5000B 
264.50 

TY6-5000W 
290.98 

TY7-6000A 
357.49 

TY7-6000W 
296.33 

TZ40  17.25 
U18-20  2.88 
U19  15.81 
U25  1.33 
1226  1.66 
U37  10.35 
UABC80  1.44 
UAF42  1.44  

UB4 I  1.44 
UBC41  1.73 
UBF89  1.38 
UCC84  1.26 
UCC85  1.38 
UCF80_  1.32 
UCH42  1.38 
UCH81  2.67 
UCL82  1.20 
UCL83  1.66 
UF41  1.15 
UF42  1.44 
UF80  1.66 
UF85  1.66 
UF89  1.66 
UL41  2.88 

UL84  1.38 

UM"  1.1 " a 5250B 
UY41  1.44 
UY85  1.20 
VLS631  15.24 
XGI-2500 42.04 
XG2-6400 113.50  
XG5-500  28.52  
XG2-6400  

106.15 
XR1-1600A  

38.53 XR1-3200  93.15  

XR1-3200A 
93.15  

XRI-6400  

102.01 
XR1-6400A ' 

164.23 
YD1120 264.50 
YDI240 366.62 
Z759  19.32 
ZM1000  6.03 
ZM1001  6.19  

ZM1020  10.83 
ZM1021  10.17 
ZM1022  10.60 
ZM1023  8.81 
ZMI040  22.26 
ZMI041  19.16 
ZM1042  20.44 
ZM1051 100.05 
103GT  2.58 1024  11.50  

1B35A  28.75 
1063  57.50 
105  1.21 
05  0.46 
1T4  0.46 
2ASI5  11.50 
2C39A  21.85 
2C43  20.70 
2021  2.94 
2E26  15.34 
2342  89.70 
2755  239.97 
23704.  270.25 
2.17013  418.34 
2K25  40.25 
3-400Z  57.50 
3-500Z  63.25 
3A5  2.70  

3B24  9.20 
3028  8.63 
3B29  11.50 
30240M  17.25 
3B241M  17.25 
3C23  18.73 
3C45  28.18 
3CX100A5 

23.00 
3E29  29,67 
3S4  1.26 
3V4  1.38 
465A  29.15 
4-125A  41.99 
4-250A  41.99 
4-400A  52.05 

4B32  29.16 

731 2 
4CX350A 48.88 
4X150A  24.41 
4X150D  28.75 
50254M  23.12 
50255M  23.12 5C22  74.75 
51180E  1380.00  
5R4GY  2.30  

5U4G  3.86 5U4GB  2.90 

5v4G  1.75 5Y3GT  0.98 

5Z3  1.73  
5Z  4G  1.75  
5Z4GT  1,75  

6-30L2  1.79 
6AB4  1.44 
6AB7  1.23 
6AC7  1,61 
6AF4A  1,84 
64.07  2.30 
64.116  -. 5.52 
6AK5  4.15  

6AK6  2.81 
6AL5  1.0]. 
6AM4  2.65 
6AM5  8.21 
6AM6  2.07 
6AN5  4.45 
6AN8A  3.97 
6AQ5  1.10 
6AS6  5.73 
6AS7G  9 .49 

OATS  0.98 
6AU5GT  4.97 
6AU6  1.24 
6AV5GA  4.52 
6AV6  0.98 
6AX5GT  3.57 
607  1.73 
6138  2.02 
004.6  1.15 
604.7  5.89 
6BA8A  431 
6BC4  4.27 
6BE6  1.24 
6B1-16  1.75 
61316  1.24 
6BK4  . 404 
613L6  97.75 6BL7GT  4.44  

6BM6  97.75 
6B516  1.89 
6BQ7A  4,28 
6BR7  460 
60508  2.02 
6107  4.60 
6B906  4.60 
6B907  1.75 
6BX7GT  5.70 
6BZ6  2.73 
6C4  1.01 
CB6A  2.86 
6CD6GA  5.83 
6CG7  2.62 
6CH6  9.78. 
6CL6  4.12 

6CW4  8.83 

T)K6  1:19117 
6DQ6B  4.69 
6EA8  3.38 
6E138  2.44 
6EW6  1.73 
6F6  2.02 
6F23  1-84, 
6F28  13 ' 
6F33  29.90  

6111  14.38 
6112N  1.21 
6113N  1.21 , 
6116  1-7 ' 
634  6.10  
636  6.21  
637  8.07  

6K4N  1.44 
6K6GT  1.50 
6K7  1.73 
6K8  2.02 
6KD6  7.31 
6L6G  2.88 
6L6GA  1.73 
6L6GT  2.24 

6L6GC  2.88 
6L7  2.30 
6N2P  1.21 
6N3P  1.21 
6507  1.73 
6025  4.14 
607  2.53 
6R7  2.07 
6SA7  1.67,   
6SC7  1.,' 
6SF7  1.84 
65117  1.73 
6SJ7  1.84 
65507  1.50 
6SK7GT  3.08 
8SN7GT  1.84  
60(27  1.50 
6SR7  1.73 
6557  2.07 
6U5G  2.30 
6U8  0.92 
6U8A  3.38 
6V6GT  1.84 
6X4  1.38 
6X5GT  0.97 
7137  1.96 
7C5  3.40 7C6  2.60  

7117  2.30 
7507  1.73  
757  1.59 
714  1.84 
7Z4  2.13 
11E3  60.82 
I2AT6  1.38 
12AT7  1.01 
124.126  2.97 
I2AU7  0.93 
12A9.'6  2.55 
I 2AV7  4.00 
12AX7  1.01 
12AY7  4.69 
12044.  3.62 
1204.6  2.52 

1213E6  2.79 

a l";  N 91 
12E1  19.67 
12E11TT 19.26 
12E14  34.50 
13E1  123.05 
19114  28.75 
I9H5  40.25 
2409  55.20 30C15  1.84  

30 CI 7 1.84  

30C18  1.84 
30E5  1.93 
30FL1 2  1.28 
30FLI2  2.07 30FL14  1.84  
30L1  1.15  

30L15  2.07 
351.17  2.07 
3004  1.06 
30019  1.38 
30PL I  2.88 
3001.14  1.93 
3001.15  2.07 
35W4  069 
50c5  0.81 
755t  5.38 
75C1  2.70 
85AI  8.63  

854.2  2.75 
%AG  14.90 
90AV  14.90 
90C 1  2.81 
90CG  16.72 
90CV  17.50 
92AG  14.90 
92AV  14.90 
95A1  7.48 
15002  3.47 
15003  6.39 
150C2  2.21 
150C4  2.75 
211  21.85 
723AB  40.25 
803  11.50 
805  23.00 
807  431 
81IA  18.32 
8124.  18.26 
813  85.87 
8334.  m.80 
8664.  15.23  872A  21.47  

922  5.01 
931A  16.97 
1624  2.59 
1625  1.96 
2050  8.00 
4212E  304.75 
4212H  384.75 
5544  62.10 
5545  67.85 
55514.  106.03 
5552A  14335 
55534.  259.10 
5642  6.45 
5654  3.93 
5651  2.65 . 

5670  5.18 

W  11U . 
5696  4.35 
5718  7.87 
5725  5.62 
5726  3.62 
5727  5.42 
5749  5.14 
5751  4.80 5763  4.66  

58144.  4.28  

5840  5.06 
5842  13.90 
58764.  19.55 
5879  5.38 5886  12.08  
5963  3.38  

5985  4.00 
6005  5.62 
6021  5.13 
6057  4.02 
6058  1147 
6059  460 
6061  4.89 
6062  4.31 
6063  4.20 
6064  8.54 
6067  4.02 
6072  5.80  

6080  7.88 
6097AxBxC 

46.00 
61464.  10.30 
6146B  012 
6159B  17.27 
6189  10 03 
6201  5.28 
6442  17.25 
6883B  12.77 
6973  4.38 
7025  2.73 
7551  645 
7580  - 11 .66  
7587  20.11 
7609  36.57 
7868  5.04 
7895  13.25 , 
8005  75.03 
8068  6.33 
8122  60.11 
8136  2.48 
8417  6.76  18042  8.63  

18045  12.06 

Tested 
Ex-Equipment 
4CX250B  5.75 

, 

BASES 
B7G unskirted  0.25 

,, 

BE97.AG usknisrerdted  00..2-5- 
Bm skin,d 0.35  

Int Octal  0.40 
Loctal  0-63 
Nuvistor base  0.86 
8 pin OIL  0.17 
14 pin OIL  0.17 
16 pin OIL  0.20 
Valve screening 
cans all sizes  0.35 

CRTs 
24.01 9.78 
2501  10.35 
3601  11.50 
3DPI  5.75 
L .EG71  68._05 

.yu 
 3001  660 
,310„1 9.20 
--... -  9.20 um 1;:u 
li 3 PI  40,25 
3WP1  23.00 

, 

54001  40.25 
51301  11.50 
SCPI  11.50 
5CP1A  46.00 
5FP15A  17,25 
5UP7  28.75 
DG7-5  72.82 
DG7-31  66.78 
DG7-32  66.78 im:9,1 1170:g 
VCR97  13.80 
VCR138  11.50 

VCR138A 14.38 
VCRI 39A 9.20 
VCR517A 11.50 
VCR517B 11.50 
VCR517C 11.50 

Tube Bases .Ppr'pelTi'on 

INTEGRATED 
7400  0.18 
7401 0.20  
7402  0.20 
7403  0.20 
7404  0.21 
7405  0.21 
7406  . 0.49 
7407  0.40  

7408  0.23 
7409  0.23  

7410  0.20 
7412  0.33 
7413  0.37 
7416 
7417  0.37 

0.37 
7420  0.21 
7422  0,23 

CIRCUITS 
7423  0.38 
7425 0.35  
7427  0.35 
7428  0.50 
7430  . 
7432  0.35 
7433  0.46 
7437  0.37 
7438  0.37 
7440  0.37  

7441  1.04 
7442  0.83 
74474.50  1.35 
7450 
7451  0.21 

0.21 
7453  0.21 
7454  0.21 

7460  0.21 
7470 
7472  0.44 0.38 
7473  0.44 
7474  . 
7475  0.62 
7476  0.48 
7480  0.64 
7482  0.86 
7483  1.15  

7484  1.21 
7486  0.45 
7490  0.69 
7491 
7492  0.94 0.69 
7493  0.69 
7494  0.94 

7495 
7496  0.84 0.94 
7497  3.62 
74100  1.77 
74107  0.52 
74109  0.84 
74110  0.59 
74111  0.82 
74116  2.13 
74118  1.15 
74119  1.77 74120  0.95  

74121  0.49 
74122  0.71 
74123  136 
74125  0.67 
74126  0.67 
74128  0.72 
74132  0.83 

74136  0.59 
74141  1.02 
74142  2.64 
74143  2.99 
74144  2.99 
74145  1.15 
74147  2.30 
74148  2.02 
74150  2.07 
74151  1.08 
74154  2.07 74155  1.04  

74156  1.04 
74157  0.86 
74159  2,53 
74170  2.76 
74172  5.06 
74173  1.63 
74174  1.84 

74175  1.17 
74176  1.33 
74178  1.56 
74179  1.56 

74180  1.38 
74190  2.19 
74191  2.19 
74192  2.19 
74193  2.19 
74194  1.44 
74195  1.38 74196  1.55  

74197  1.55 
74198  3.11 
74199  2.64 
76013N  2.02 
TAA570  2.65 
TAA6305  4.02 
TAA700  4.50 

TBA480Q 2.11 
TBA520Q 2.65 
TBA530  2.28 
TBA540Q  2.65   

TB4550Q 3.70 
TBA560CQ 170 
TBA673  2.52 
TBA700  1.75 
TBA720Q 2.65 
TBA750Q 2.38 
TBA800  1.38 TBA920  3.34  

TBA920Q  3.34 
TBA990Q 3.34 
TCA270Q 334 
TCA760A  1.59  

Terms of business: C WO. Postage and packing valves and se miconductors 40p per order, CRTs £1. All prices include VAT.  Telephone 01-677 2424/7 
Price ruling at time of despatch. 

Telex 946708 In so me cases prices of Mullard and USA va lve s will higher than  those advertised. Prices correct when going to press.  E. 8/ O.E. 
Account facilities available to approved co mpanieS with mini mu m Over 10,000 types Order charge £10. Carriage and packing £1 on credit orders,  •  . of valves, tubes and se miconduttors in stock. Guotations for any types not listed. S.A.E.  Open to cellars Mondey-Friday 9 a.m.-5 p.m. 
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50+ CASES FOR 
SPECIALISTS 
referred by JENSEN 

JTK 17 
Available in 1 2 different case 
modifications. 
Specially suited for maintenance of 
electronic equipment, 
communications, radar, computers 
and off ice machines. 
57 top quality tools. VOM Test Meter 
optional. 
Deluxe attache case of hardwood 
construction, llama grain covering 
and solid brass fittings. 
Metric conversion kit available. 

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 
(..ITK 1 6mm). 

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 

TWIN PPM BOX 
High qUatitV"Eintiet 
TWIN movement in a mains 
powered unit. The illuminated 
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, 
135415 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 
jliumination kits * Peak Devia-
• (ion Meter * Programme and 
Deviation Chart Recorders * 
Stereo Disc Amplifier 2 and 3 * 
Moving Coil Preamplifier * 10 
Outlet Distribution Amplifier * 
Stabilizer * Fixed Shift Circuit 
Boards  
SURREY ELECTRONICS 

The Forge, Lucke Greene 
Cranleigh 

Urrey 0516 7BG. Ted: 048611 SoOl 

STILL THE LOWEST PRICED 
QUALITY PERFORMANCE 
AUDIO SIGNAL GENERATOR 

AVAILABLE ANYWHERE 

Distortion 
lower 
than .002% 

10Hz-100KHz 

1v RMS 
variable 
output 

Sine/square 

Based on Linsley Hood design. Prices from £41.50 (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 

THD Analyser, SWR Meters, MVMT 

CO MPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey. RH1 4PA Godstone (0883) 843221 

r DTC MICROFILE 
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. 

IBM 1053 CORRESPONDENCE PRINTER 
* Secondhand with 
refurbished mechanism 

* IBM 735 compatible, and 
can be wired to connector 
suitable for off-the-peg 
interfaces which are 
available 

* VVide range of 
correspóndence heads 
available from IBM at low 
cost 

* 15 c.p.s. with Tab. and 
backspace facility 

LOGABAX LX 180L MATRIX PRINTER 
£525.00  • BRAND NEW SURPLUS 

* 180 C.P.S. 

7 Crystal controlled Baud rates 
to 9600B. 

V24/RS232 and parallel 
interfaces. 
Z80 controlled with 
firmware in 
2708 EP50Ms. 

Upper/lower case, italic 
and double width. 

DATA DYNAMICS Model 
ASR 390 TELETYPE 
ASCII coded plain paper 
printer 

" 110 Baud V24 in  

" Keyboard 

• Papertape reader/punch 
(papertape is still the only 
medium suitable for data/ 
program transfer between 
different systems) ' 

▪ Fully tested secondhand 
machine £135.00 

Please note: • VAT and carriage extra on all items. • Please contact us for terms of sale. • Other secondhand equipment currently in stock includes 
PDP11/23 systems, PDP11/34A system, DEC system 310, peripherals by DRE, FACIT, PERTEC, TEKTONIX, HOUSTON, LEAR SIEGLER, CIFER, 
DATA GENERAL, ETC. 

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 and send to: 

W.W. DISK OFFER 

49 Milford Hill 

Batford 

Herts 

Please call 0582-429122 to check on availability 
before ordering 

Allow 21 days for delivery. This offer applies to 
U.K. only and is subject to availability. For non 

U.K. orders send SAE for quotation 

WW - 045 FOR FURTHER DETAILS 

SOUND INVESTMENT 

Replacement tape heads from .Monolithcould mean a big 
improvement in sound quality from your tape recorder. A full 
catalogue is available, price 50p, which features a wide 
range of heads for cassette and reel to reel machine's, as 
well as replacement motors, tape transports, etc. 
Universal cassette heads to EIAJ standard, hole centres 

17mm apart, 12mm from head face: 

B12-02  Mono record/playback 

B24-01  sfereo playback 
B24-02  Stereo rip 

B24-07  Stereo r/p for Dolby systems 

C42RPH20  Stereo r/p sendust head, suitable for chrome & 

metal tapes 

C42RPHO4  Stereo rip glass ferrite, the ultimate long life, 

high performance head 

C42RPS18  Stereo twin gap rip long life head for record 

monitoring 

C21ES18  Mono/Stereo erase head 

C44RPHO3  Four channel/track r/p 

C22ES04  Twin half track erase 

4.62 
£ 4.62 
£ 7.66 
£ 9.05 

£10.67 

£13.34 

£28.99 
£ 2.13 
£15.15 
£ 5.43 

Ex stock deliveries, all prices include VAT. Post and packing 40p. 

M O NOLITH 
electronic products 
The Monolith Electronics Co. Ltd., 5/7 Church Street. 
Crewkerne, Somerset TA18 7HR. Tel: 0460 74321. Telex: 
46306 MONLTH G. 

_ 4  TRANSFORMERS  [ Please add 15% 

CONTINUOUS RATINGS  VAT after P&P 
MAINS ISOLATORS,  12 or 24-VOLT 

Pri 0-120; 0-100-120V (120, 220, 240V) Sec 60  Separate 12V windings Pri 220-240V 
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)  £ 213  1.0  0.5  2.90  1.00 
P&P  71  2.0  1.0  3.86  1.00 

07*  20  4.84  1.20  18  .  2.0  4.46  1.20 
149  60  7.37  1.20  85  5.0  2.5  6.16  1.20 
150  100  8.38  1.44  70  6.0  3.0  6.99  1.20 
151  200  12.28  1.72  108  8.0  4.0  8.16  1.44 
152  250  14.61  2.04  72  10.0  5.0  8.93  1.60 
153  350  18.07  2.12  116  12.0  6.0  9.89  1.60 
154  500  22.52  2.20  17  16.0  8.0  11.79  1.72 
155  750  32.03  OA  115  20.0  10i,  15.87  1.84 ' 
156  1000  40.92  OA  187  30.0  15.0  19.72  2.04 
157  1500  56.52  OA 
156  2000  67.99  OA  226  60.0  30.0  40.41  OA 
159  3000  95.33  OA 
*115 or 240v sec only. State volts required 
Pri 0-220-240V 

50 VOLT RANGE 
Pri 220-240V. Voltages available 5, 7, 8, 10, 13, 
15, 17, 20, 25, 30, 33,40 or 20V-0-20V and 25V-
0-25V 

Amps 
Ref. 
102 
103 
104 
105 
106 
107 
118 
119 
109 

50v  25v  £ 
.5  1  3.75 
1  2  4.57 
2  4  7.88 
3  6 - 9.42 
4  8  12.82 
6  12  16.32 
8  16  22.29 
10  20  27.48 
12  24  32.89 

P&P 
1.20 
1.20 
1.44 
1.60 
1.72 
1.84 
2.20 
OA 
OA 

30 VOLT RANGE (Split Sec 
Pri 220-240V. Voltages available 3, 4, 5, 6, 8, 9,-
10 12 15 18 20 24, 30V or 12V-0-12V and 

15V-0-15V 
Amps 

Ref. 30v  15v  £ 
112 0.5  1  2.90 
79  1  2  3.93 
3 2  4  6.35 
20 3  6  7.39 
21  4  8  8.79 
51  5  10  10.86 
117 6  12  12.29 
88 8  16  16.45 
89 10  20  18.98 
90 12  24  21.09 
91 15  30  24.18 
92 20  40  32.40 

• 
P&P 
1.00 
1.00 
1.20 
1.44 
1,60 
1.60 
1.72 
1.96 
1.84 
OA 
OA 
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 

11R22ef64. 6.150v  30'11  4£ & .27  P&P 

112 5 3 7 2 

2  6.50  1.20 
4  8.36  1.60 

2 6   12.10  1.72 
123 4   13.77  . 
40 5  10 2177..422 21 .084 
120 6  12  19.87 

OA 
112221 1  0 80  216  9 32.51  OA 
189 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  189.02  OA 

CASED AUTOS 
240V cable input USA 115V outlets 
VA  Price - P&P  Ref 
20  £6.55  .95  56W 
75  £8.50  1.20  64W 
150  £11.00  1.44  4W 
200  £12.02  1.44  65W 
250  £13.38  1.44  69W 
500  £20.13  2.04  67W 
1000  £30.67  2.20  84W 
2000  £54.97  OA  95W 

SCREENED MINIATURES Pri 240V 
Ref. 
238 
212 
13 
235 
207 
208 
236 
239 
214 
221 
206 
203 
204 

mA 
200 
1A, 1A 
100 
330, 330 
500, 500 
1A, 1A 
200,200 
50MA 
300,300 
700 (DC) 
1A, 1A 
500, 500 
1A, 1A 

Sec Volts  • £ 
3-0-3  2.83 
0-6, 0-6  3.14 
9-0-9.  2.35 
0-9, 0-9  2.19 
0-8-9, 0-8-9  3.05 
0-8-9, 0-8-9  3.88 
0-15, 0-15  2.19 
12-0-12  2.88 
0-20, 2-20  3.08 
20-12-0-12-20  3.75 
0-15-20, 0-15-20  5.09 
0-15-27, 0-15-27  4.39 
0-15-27, 0-15-27  6.64 

P&P 
.50 
1.00 
.50 
.60 
.95 
1.20 
.60 
.50 
1.00 
1.00 
1.20 
1.20 
1.20 

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 0-115-210-240V  2.17  1.00 
64  - 80 0-115-210-240V  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 0-10-115-200-220-240  84.55  OA 
57s 5000  "  98.45  OA, 

*0, 115, 220, 240. Step Up or Step Down 

CONSTANT VOLTAGE TRANSFORMERS ± 1% 
For 'clean' mains to computers, peripherals. 
250VA  £95.00  + 
500VA  £127.00  p&p Also I.C. 
1kVA  £147.00  +.  sensing types 
2kVA  £229.00  VAT 1 to 6% for low 

voltage 
SPLIT BOBBIN TRANSFORMERS il problems 
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, 2 Amps £4.11 + £1.2t p&p + VAT. 

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 

«ea 

End of Line offers - M679 120V-2; 36V 1 6A £3 pp 78p + 
VAT. BE7 0-110-120 220 240V Sec 20V 1 Amp £1.80. P&P 
32p + VAT 

Overseas post extra SPECIALIST TRANSFORMER WINDING SERVICE 

4  OTHER PRODUCTS 
AVO TEST METERS 
8 Mk. 5 Latest Model £116.40 
71 Electronics  £45.80 
73 TV Service  £63.90 
MM5 MINOR  £40.50 
DA211 LCD Digital  £57.00 
DA212 LCD Digital  £74.00 
DA116 LCD Digital  £121.70 
Megger 70143 500v  £97.20 
Megger Battery BM7  £65.30 
Ano Cases and Accessories 
P&P £1.32 -I- VAT 15% 

BRIDGE RECTIFIERS 
200v  2A  45p 
400v  2A  55p 
100v  25A+  £2.10 
100v  50A  £2.60 
200v  4A  65p 
400v  4A  85p 
400v  6A  £1.40 
500v  12A  £2.85 

P&P 20p. VAT 15% 

el22,,P,;:ricuattC,3;e1 

MAINS ELIMINATORS 
No wiring, ready to plug in 3, 6, 7.5, 9, 12V DC 
300mA  •  £5.10 
6, 7.5, 9V DC 300 mA  £4.60 

P&P 60p + VAT 

ANTEX SOLDERING IRONS 15W or 25W £4.58 
Stand for above £1.75.  P&P 53p VAT 15°C 

PANEL METERS £6.70 ea + 76p PIP + VAT 
43 x 43mm or 82 x 78mm 
50nA, 500tiA, 1mA, 30V d.c. 

Precision De-Solder Pumps - Spring loaded 
quick action button release for one  hand 
working. Large £5.86 P&P 35p+-VAT. Small £5.17 
P&P  30p-i-VAT.  Replacement  tips:  Small 
65p+VAT. Large 86p +VAT, 

TELEPHONES - Latest model 746, brand new, 
boxed, 2 tone grey £11.50, Ivory £12.50, P&P 
£1.20 + VAT. 

METAL OXIDE RESISTORS É1/100 
Special Offer TR4 5% Electrosil (100s only). Use in place 
of c.film. 471/ - 7511 - 18011 - 36011 - 39011 - 4301/ 47011 - 
51011 56011 82011 1K 1K2 1K3 1K6 - 1K8 - 2K - 2K4 - 
3K - 16K - 20K - 22K - 24K - 27K - 47K - 82K - 100K - 110K - 
120K - 130K - 180K - 220K - 270K - 300K. P&P 30p + VAT 

Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC3N 1BJ 

TELEPHONE: 01-488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST, 

www:americanradiohistorv.com 

WW - 027 FOR FURTHER DETAILS 
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PRINTED CIRCUITS 
FOR WIRELESS WORLD PROJECTS 

Stripline rt, power amp-Sept. 1 9 7 5- 1 .d.s.    
Audio compressor/limiter-Dec. 1 9 7 5-1 s.s. (stereo) 
Fm. tuner (advanced)-April 1 9 7 6-1 s.s. 
Cassette recorder-May 1 9 7 6-1 s  s   
Audio compander-July 1 9 7 6-1 s  s   
Time code clock-August 1 9 7 6-2 s.s. 3 d.s. 
Date, alarm, b.s.t. switch-June 1 9 7 7-2 d.s. 1 s  s  
Audio preamplifier-November 1 9 7 6-2 s  s   
Additional circuits-October 1 9 7 7-1 s:s. 
Stereo coder-April 1 9 7 7- 1 d.s. 2 s.s. 
Morse keyboard and memory-January 1 9 7 7-2 d.s. 
(logic board 10 1/4 in. x 5in.) (keyboard and matrix 1 3in. x 10in.) - £14.00 

Low distortion disc amplifier (stereo)-September 1 9 7 7-1 s.s.  £2.00 
£3.50 

Synthesized f.m. transceiver-November 1 9 7 7-2 d.s. 1 s.s.  £12.00 
Morsernaker-June 1 9 7 8-1 d.s.    £4.50 
Metal detector-July 1 9 7 8- 1 d.s.    £3.75 
Oscilloscope waveform store-October 1 9 7 8-4 d.s    £18.00 
Regulator for car alternator-August 1 9 7 8-1 s.s.    £2.00 
Wideband noise reducer-November 1 9 7 8-1 d.s.    £5.00 
Versatile noise generator-January 1 9 7 9- 1 s.s.    £5.00 
200MHz frequency meter-January 1 9 7 9-1 d.s.    £7.00 
High performance preamplifier-February 1 9 7 9- 1 s.s.    £5.50 
Distortion meter and oscillator-July 1 9 7 9-2 s.s.    £5.50 
Moving coil preamplifier-August 1 9 7 9-1 s.s.    £3.50 
Multi-mode transceiver-October 1 9 7 9- 10 d.s.    £35.00 
,Amplification system-Oct. 197973 preamp 1 poweramp  £4,20 each 
Digital capacitance meter-April 1 9 80-2 s.s.    £7.50 
Colour graphics system -April 1 9 80-1 d.s.    £18.50 
Audio spectrum analyser-May 1 9 80-3 s.s.    £10.50 
Multi-section equalizer-June 1 9 80-2 s.s.    £8.00 
Floating-bridge power amp- Oct. 1980 - 1 s.s (1 2V or 40V) 
nanocomp -Jan. 1981 - 1 d.s. 1 s.s. 
Logic probe - Feb. 1 981 - 2 d.s.    
,Modular frequency counters-March 1981 -8 s  s   
Opto-electronic contact breaker (Delco(-April 1981-2 s  s   

Boards are glassfibre, roller-tinned and drilled 
V.A.T. and U.K. postage. 

Airmail add 20%, Europe add 10%, Insurance 10%. 
'Remittance with order to: 

M. R. SAGIN, 23 KEYES ROAD, LONDON, N.W.2 

Low distortion audio oscillator-September 1 9 7 7-1 s  s 

£5.00 
£4.25 
£5.00 
£5.00 
£4.25 
£15.00 
£9.50 
£8.50 
£4.00 
£8.50 

£4.00 
£9.00 
£6.00 
£20.00 
. £4.00 

. Prices include 

Happy Memories 
Part type  1 off  50-99  100 up 

4116 200ns 
4116 250ris 
2114 20Ons 
2114 450ns 
2708 450ns 
2716 450ns 5 volt 
2716 450ns three rail 
2732 450ns Intel type 
2532 450ns Texas type 

1.20  1.05  .95 
1.10  .95  .85 
1.55  1.40  1.30 
1.50  1.35  1.25 
2.90  2.50  2.25 
2.95  2.65  2.40 
7.40  7.00  6.75 
6.40  5.60  5.00 
6.40  5.60  5.00 

Low profile IC sockets: Pins  8 14 16 18 20 22 24 28 40 
Pence 910 11 1415 1819 25 33 

Soft sectored mini discs in plastic library case of ten discs: 

1 case: £19  10 cases: £17  25 cases: £15.50 

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 

24-ter. service on (054 422) 618 
Government and Educational orders welcome, £15 minimum 

Trade accounts operated, phone or write for details 

HAPPY MEMORIES, DEPT. W. W. 
GLADESTRY, KINGTON 

HEREFORDSHIRE HR5 3NY 
Tel. (054422) 618 or 628 

De-mystify the micro with... 

Practiel 
Compptmg 

Getting through the jargon 
barrier is the first problem for 
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 
meaning. 

Other features in the August issue include 

• Reviews of the Tandy 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 or software? 
Guidelines for those in schools who are getting to grips with micro-
computers. 

All this, together with our regular advice columns for users 
of Pet, Apple, Tandy, Sinclair ZX80/81 micros and now the 
Acorn Atom too. 

rTo Marketing Department, IPC Electrical-Electronic Press, IQuadrant House, The Quadra , Sutton, Surrey SM2 5/IS. 

Please send me Practical Computing for one year. l enclose 
cheque/P.O. for LÍO (11.K.)/E/6 (overseas) Made payable to IPC' 11 Business Press Ltd. 
Name   
Address 

L   Ww8 I 
mom mom ma 

PLUS the official guide to the 1981 Micro-
computer Show being held at Wembley from 
July 30-August 1. All for only 80p from your 

t or post this coupon now. 

Out July 15 
newsage 

IALWAYS A CHANGING RANGE OF 
OSCILLOSCOPES, COMPUTERS, 
TERMINALS, ETC.   

Item No. 
1 TEKTRONIX STORAGE OSCILLOSCOPE Type 434. Current Model. As 
new. 12 months warranty (No warranty 01,4001  £1050 

£350 
£200 
£170 
£120 
£150 
£80 
£40 
£50 
£20 
£40 
£35 
£25 

2 TEKTRONIX STORAGE OSCILLOSCOPE type 564 with 3A6 & 3E14 
4 TELEQUIPMENT OSCILLOSCOPE type 061A. Dual Trace 10MHZ 
5 SCOPEX OSCILLOSCOPE type 4010. Dual Trace 10MHZ 
6 HEWLETT PACKARD OSCILLOSCOPE type 120B. (Xi') 
7 MARCONI WAVE ANALYSER TF2330. Good condition 
8 AVO UNIVERSAL BRIDGE 13150 with adaptor A151 
9 ADVANCE SIGNAL GENERATOR type E2 100KHZ-100MHZ 
10 B & K AUTO VIBRATOR EXCITER CONTROL type 1018 
11 SOLARTRON Digital Voltmeter type LM1450 
12 SOLARTRON PULSE GENERATOR type G01101.2 
13 ADVANCE V.H.F. Mi I livoltmeter type VM79 - No probes 
14 ADVANCE A.F. SIGNAL GENERATOR type J2 
15 KNIGHT RF Sig Gen KG686 with Sweep Marker Gen KG687, The Pair £90 
16 ADVANCE Audio Signal Generator HIE 15HZ to 50KHZ  £45 
18 LYONS PULSE GENERATOR type PG-2E  £45 
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 AM/FM SIGNAL GENERATOR type 62A Mk II  £125 
25 MARCONI UNIVERSAL BRIDGE type TF1313 1/4%  £200 
26 MARCONI WIDE RANGE OSCILLATOR type TF1370 10HZ-10MHZ  £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 13541C  £40 
31 WAYNE KERR COMPONENT BRIDGE type B121  £45 
32 HEWLETT PACKARD DC CURRENT SOURCE type 61815 0-100V; 
0-250MA  £175 

33 MARCONI SAUNDERS LEVELLING AMPLIFIER type 6587  £175 
35 RACAL HT. SELECTIVE ANALYSER type 9056  £375 
36 MARCONI STANDARD SIGNAL GENERATOR type TF144H 10KHZ-
72MHZ  £225 

37 SCHLUMBERGER/SOLARTRON AUTOMATIC COUNTER type FB2602 
£150 

38 BRANDENBURG PHOTOMULTIPLIER POWER UNIT 0-2500Volts  £90 
39 SCHLUMBERGER/SOLARTRON COMPUTING VOLTMETER type JM1776 

£90 
40 HEWLETT PACKARD AC CONVERTOR type 3461A  £90 
41 MUIRHEAD WAVE ANALYSER K-134-A 30-310HZ  £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 500MHZ  £35 
47 AIRMEC ELECTRONIC VOLTMETER type 314A  £75 
49 KEITHLEY INSTRUMENTS REGULATED HIGH VOLTAGE SUPPLY TYPE 
241 Accuracy - ,'- 0 05°0 o- 1my  £250 

50 T.O.A. ELECTRONIC POLYRECORDER type EPR-2T  £90 
51 STODDARD AIRCRAFT Radio Interference and Field Intensity Meter type 
NM 52A 375 -1000MHZ (2 piece&  £275 

53 (R4H6000DmEHz&) SCHWARZ UHF TEST RECEIVER BN1523 280-940MHZ 

54 R ea S Z-g DIAPRAPH 300-2400 MHZ BN3562  ££18250 
55 R 8, S Unbalanced Standard ATTENUATOR BN18042/50  £45 
56 R & S VHF-UHF FREQUENCY METER 30-3000MHZ BN442  £60 
57 R & S DIRECT CAPACITANCE METER BN5201  £50 
58 WAYNE KERR UNIVERSAL BRIDGE type 8521 (CT375)  £75 
59 B & K HETERODYNE VOLTMETER type 2005  £250 
60 pli rbeLETT PACKARD CLIP ON DC MILLIAMPMETER type 428A with 

£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 NI SIGNAL GENERATOR type TF995A/3/S ICT402)  £225 
66 HEWLETT PACKARD VALVE VOLTMETER type 412A  £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 (CT421)  £40 
71 ROCHAR UNIVERSAL COUNTER TIMER type A1149  £40 
72 WAYNE KERR UNIVERSAL BRIDGE type B221  £50 
73 WAYNE KERR AF SIGNAL GENERATOR type S121 10HZ-120KHZ  £60 
76 MARCONI RF ATTENUATOR 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 
82 HATFIELD TRANSISTORISED SELECTIVE LEVEL METER SPO 7820 ££913 00 
83 S.T.C. LEVEL MEASURING SET type 743096  £90 
86 R & S MICROWAVE POWER METER BN2412/50 0-3200MHZ  £80 
87 ADVANCE SIGNAL GENERATOR B4B 100KHZ-100MHZ  £25 
88 HEWLETT PACKARD DIGITAL RECORDER type 505013  £25 

13 & K LEVEL RECORDER type 2305. 50dB Potentiometer. Brand 
New. With accessories  £950 ea 
HEWLETT PACKARD X-Y RECORDER type 7015B  £600 ea 
GENERAL RADIO type 1360-B Microwave Osc. 1.7-4.1Ghz £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 Unit type 1269-A  £225 

A MUST FOR THE COMPUTER 
OR VIDEO MAN 

£35 each. Carriage £5 
Other monitors available including colour. Please a-nqui re. 

CONVERT THIS UNIT TO A 
SUPER BATTERY CHARGER 

Attractive green ministry quality case with remáva-
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. Carnage £6, 

PLEASE CHECK AVAILABILITY BEFORE ORDERING 

SOME TEKTRONIX 500 
RANGE OSCILLOSCOPES 

with Single Trace Plug-ins. Working. 
From £100. Phone for details 

DIODES 

CONRAC 14" MONITOR. Solid-state - sync. plus video input sockets. Not 
cased. Used but tested. 

All new full spec. devices 
IN3063 BAX 13. 1544, 1N4148; 
1N3470; 1N4151. 
100 off £1.50, 1,000 off £10 

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 
or 5 for £5 P&P £1.50. 

STEPPING MOTORS 
200 Steps. 20 oz/in. torque, 12/24 volt input 5-wire 

£12 each. P&P £1.50 

KEYBOARD PAD 
Size 3x21/2 x2" with 12 Alma Reed Switches. Blue 
keys marked in green 0-9 and a star with one blank. 
£4 each. P&P £1, or 5 for £15 P&P £2. 

MINIATURE KEYBOARD 
Push contacts, marked 0-9 and A-F and 3 optional 

function keys. £1.75 each. 

CRYSTALS  50p each 
Flat metal case - 19.2KHZ; 844.8KHz; B7G - 10MHZ. 

PULSE TRANSFORMER. Sub min. Size 1/2 'x 5/16 x 1/4". 
Secondary centre tapped. New 20p ea. 
REMO TV TYPE MULTIPLIER. Two high voltage outputs and 
focus, £1 each. 
DON'T TAKE CHANCES. Use the proper EHT CABLE. 10p per 
meter or £7.50 per 100 metre/drum. P&P £2. 
PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap. 
75p ea. Box of 12 05.50. P&P £1.50. 

INFRA RED QUARTZ LAMPS. 230V 620 watts. Size 1312" x 
1/8" dia. £1.50 ea. 240V 1650 watts. Size 223/4" o 1/2" dia. £3 ea., 
BRIDGE RECTIFIER. 2 Amp 50p ea. 
PHOTODIODE DETECTOR 4" fly leads, 25p ea. 
AMPHENOL. 17-way chassis mount edge connectors 0.1 
spacing. 15p ea. 
I.E.C. Standard MAINS LEAD. Moulded (3 vertical flat pins 
centre offset) 60p ea. 
FANS. 115V 13 watts. Size 31/4 x 31/4 11/2" 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. 

MULTIMETER 
Russian Type 4324 

AC/DC volts: AC/DC current; 
ohms, etc. 

Brand New, boxed. 

£12.50 each 
P&P £2.50 

METFIOHM INSULATION 
AND CONTINUITY 

TESTER 500 volts 
Portable, Battery Operated, Standard P.P.7 
(Battery not supplied). Complete with carrying 

Case. 
As new £40 each 

Used but good condition £25 each. 
P&P £3. 

CREED MODEL 75 
Printer with keyboard. Late model. 

Still the cheapest way to get a printou 
from your microprocessor. Basic data an( 
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 61/2". With 20 
good quality screw terminals with integral 
4mm socket giving multiple voltage and 
current outputs. 
As new condition. Individually Boxed. 

£15 each. P&P £2 

RADAR AERIALS 
Rotary, complete with Waveguide 
Couplers. These are brand new, Ministry 
boxed. Very impressive. Dish diameter 27 

inch" ' £85 each. Carriage £5 

EX-MINISTRY MASTS 
40ft.  HEAVY DUTY 

With guys, etc.  In transit case 

£50 each. Carriage £5 

INVERTOR. TYPE 350 
Input 115 Volts DC. Output 115 Volts AC 
400HZ, 3-Phase. Supplied with connection 
details. 

Tested, good condition. £30 each 
Tested but scruffy. £15 each 

Carriage £b 

INFRA RED IMAGE 
CONVERTER Type 9606 

(CV 144) 
13/4 in. diameter. Requires single low cur-
rent 3KV to 6KV, supply individually 
boxed. With data.  £12.50 each 

Infra Red Lamps also advertised 

TRANSISTOR INVERTOR 
115V AC 1.7 Amp Input. Switching is at 
20Khz. Output windings from Pot Core. 
Can be rewound to suit own purpose or 
unit can be broken for host of components. 
Circuits supplied  £1.25 each. P&P £2. 

COSSOR VDU with 
KEYBOARD 

80 characters x 13 lines; 600/1200 baud; 
RS232; standard 240 volts input; screen 

size 9 inches. 
Very good condition. Tested. Limited 

quantity. 

£70 each. Carriage at cost. 
MOTOR 12V DC with pulley and integral semiconductor. 
Speed Control. New £1 ea. 
LEDEX ROTARY SOLENOIDS. 115V DC. No switch assembly. 
15p ea. 
DIAMOND H CONTROLS ROTARY SWITCH. Single pole 10 
way, Printed Circuit Mount. New 10o ea. 100 for £7.50. 
RAPID DISCHARGE capacitors8mfd 4kV ES each. P&P £2. 
DECOUPLING CAPACITORS 
0.05mfd 10V; 0,01mfd; 0.047mfd 250V; 33K, 330pf. All values. 
100 for £1.50. 
E.H.T. Capacitor 500pf 8KV 20p each. 
10-way MULTI COLOUR RIBBON CABLE. New 40p per metre. 
10  for £3. 
GEC UHF 4-button tuner £1.50 each. 
CENTAUR 115V FANS. 41/2x4112x1 1/2", £4.50 ea. Ex-equip- • 
ment, tested 60p each. 
CONTACTORS. Heavy Duty 24V DC 5 make El each. 
GEC UHF/VHF 6-button tuner £2 each. 
931A PHOTO MULTIPLIER £2 each. P&P 01. 
RANCO 250V 18A THERMOSTATS with Control knobs cali-
brated 50-200 degree C £2.50 each. 
SOLID STATE UHF TUNERS. 38MHZ. £1 each. 
BRAND REX blue wire wraps. 30 metres for £1, P&P 25p. 
TRANSFORMERS 
AUTO 240V Input 115V, 1 Amp output £1.25 each. P&P £1.25. 
240V input. Soc. 6V, 1,86A, Size 21/2x2x2". Good quality £1.50 
ea. P&P f 1 . 
240V input Soc. 12V 0:92A, Size 21/202x2". Good quality. 
£1.50 ea. P&P £1. 
240V input '2V 100MA. Size 60 x 40 x 42mm. 50p each. 
240V Input. Sec. 12-0-12V 50MA. Size 53045 x 40mm. El ea. 
115V inpad Sac. 5V 250MA. Size 1 11/16 x 11/2 x 11/4", 2 for 50p. 
115V input. Sec 10-0-10V1A, Size 21/2 x 2 x 2", 2 for £1.50. 
SEMICONDUCTORS 1N4005 - 5p; 1N4002 - 3p. 
At 6p each: 
• BC147. BC157, 8C158, BC237, 13E197, OA90, 0A81, 8C1488, 
BA154, BA243, 
At 25p each: 
T1P31. TIP41A, 2N5E96, AF139, 2TX341. 
BV127 10p. BF181 20p; BD239 49p; BD241 40p; MA343AT 
49p; 80228 60p; BD233 & E10234 Comp Pair 25W - 80p per 
pr. at 50e each. 
REGULATOR 18A625 8 to 20V in - 5V out 100MA TO5 Con. 
50p each BF256C 200 
TV AMPLIFIER IBA 12020p 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.. 
otherilues available - please enquire, 
TRIMMERS. -56b min. 0.25 to 1.25 pf. 1 to 4.5 pf. 7 to 45 pf. All 
at Lip each. 
HONEYWELL humidity controllers 50p each. 
THYRISTOR TIMER. Solid State. 15 secs adjustable (reset) in 
plastic relay case, Standard 7-pin base. Series delay 50p each. 
MINIATURE PC MOUNT SLIDE SWITCH. 2 pole 2 way 10p 
• each. 
4 DIGIT 7 SEGMENT per digit plus a figure one to the left plus 
a centre minus sign to the left of the figure one with decimal 
places between digits. Good brilliance at 1.5V. 15 connections 
£2.50 each. 
Some E.H.T. TRANSFORMERS and CAPACITORS available. 
Please enquire. 
TELEPHONES 706 style black; grey or blue £5.50 ea: 746 style 
black or grey £7.50. Older style black £2.50 each, Discoloured 
grey 706 £4 ea. P&P £1.50 per telephone. 
DC SERVO MOTOR 110V 2,5 Amp continuous. Double shaft. 
Brand new. 4 wire 4 brush £18 ea. Plus carriage. 
PC Mount POTS. Wire wound with knob 200 ohm & 10 ohm. 
10p 110, 
MIN. RELAY 24V. 2 pele c/o. Brand new 75p each. 
TIME DELAY RELAY 0.1 to 10 secs. 115V AC. DPDT. £5 each. 
CAPACITORS at 5p each. 0.1uf 400V. Small rec. block PC 
Mount German class; 3300pf; 220rif 250V; 0.01mfd 160V. 
INSERT can be used as Microphone/Earpiece (Like used as 
insert in telephone but superior quality). Ex-Min. Brand new 
wrapped 75p each, or 10 for £6. 
TOROIDAL TRANSFORMERS. Input 0-120-240 Volts. Output 
0-12V; 0-12V. 10VA per winding. Encapsulated - identical to 
R.S. Components at £8.90. OUR SPECIAL PRICE £5 ea. P&P 
£1.50. 
TANTALUM CAPACITORS - All at 10p each - 100 off £7.50. 
22mfd 6V; 39mfd 10V; 22mfd 35V; lmfd 35V. 
MINIATURE SLIDE SWITCHES. Single pole 2 way 10p each. 
10 off 90p. 
HEAVY DUTY RHEOSTAT. 7.50hm, 5.5Amp, Diameter 5. 
Standard 1/4" shaft £2.50 each. P&P £1.50. 

LARGE EX-MINISTRO' SPEAKERS. OUTSIDE 15 ohm or 
500 ohm. Tested £25 each or 5 for £100. 

MINIMUM ORDER £3 VALUE OF GOODS. MINIMUM P&P £1.50 - where P&P not stated please use own discretion - excess refunded. 
£5 CARRIAGE ON ALL UNITS. P&P or CARRIAGE and VAT at 15% on total MUST BE ADDED TO  ORDERS. 
CALLERS VERY WELCOME STRICTLY BETWEEN gam-1pm and 2-5pm Monday to Saturday inc. 
BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome. 

I= HI II L T WI  LTD 
• NOR WOOD 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.americanradiohistorv.com 
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MICRO TIMES 
19 Mill Street, Bideford, North Devon, EX39 2JR 
Telephone Bideford (023-72) 79798 Dept. WWI 

 N 

* * *THIS MONTH'S SUPER SAVERS * * * 

TTL AND CMOS RANGE AVAILABLE SEPTEMBER 1981 

MEMORIES 

2114 4505s 
2114 300ns 

From TOSHIBA TC5514P 
4K CMOS RAM 11 k 4I 45Ons 
CMOS RAM 5101 

1+ 
£1.30 
£1.45 

25+ 
£1.25 
£1.40 

£.65 £3.45 
£3.45 £3.40 

4116 200es 
4116 150es 
HM 6116P-3116k 15Ons) 

EPROMS 
2708 450ns 
2716450ns 
2732 Intel type (each) 
Buy 5 off for 

1+  25+ 
£1.30 £1.25 
£1.70 £1.65 

£15.50  £15.25 

£2.55 £2.50 
£3.00 £2.95 

£9.90 
£49.00 

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, ACA, PIA, 8080, 
simulated I/O, RS-232 Handshake. 8-sel. Baud 
Rates. Manual includes: 11 x 17in. Schematic 
Parts List. User notes. Software listings and 
morel 
Bare Board  E48** 
Uses 6809; 6850,6821 - 
buy set for  £18.50. 
ADMONS (2716)  £24.00 
Data available. S.a.e. please. 

AY-3-8910 
GI SOUND COMUTER 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 general-purpose I/O pens 
- Single +5-volt supply 

**SPECIAL PRICE £6.95** 
Data £1. Large S.A.E. please 

Low Profile 
D/Face Wipe 
DIL Sockets 
40 pin 
28 pin 
24 pin 
22 pin 
18 pin 
16 pin 
14 pin 
i3 Pî 
Quantities 100-
Discount 5% 

39p 
29p 
25p 
24p 
20p 
18p 
16p 
12p 

THYRISTORS 
C106D 28p 

LINEAR ICo 
NE555 
NE556 
RC4136 
LM 301AN 
LM 311P 
LM 318 
LM 324N 
LM 339N 
LM 348N 
LM 358P 
LM 380 
LM 3900N 
LM 3914 
LM 3915 
LM 13600 
SN 76477N 
LM 741 
UA70.9 
UA733 
'IJA747 
UA748 
TL074CN 
TL081CP 
TL082CP 
TL084CN 
LM3302 
TL490 
1488 
1489 
0126 
8728 
8195 

18p 
50p 
65p 
26p 
48p 

43p 
43p 
80p 
40p 
65p 
48p 
£2.10 
£2.10 
£1.20 
£1.70 
15p 
30p 
75p 
60p 
30p 
£1.25 
40p 
70p 
£1.00 
95p 
£1.10 
75p 
75p 
£1.50 
£1.50 
£1.50 

TILs 
TIL32 
TIL209 red 
TIL232 green 
TIL212 yellow 
TIL216 red 
TIL228 red 
TIL220 red 
TIL 224 
TIL31 
TIL312/3 
TIL321/A 
TIL330/A 

45p 
10p 
18p 
16p 
18p 
20p 
12p 
18p 

£5.50 
£1.00 
£1.15 
£1.15 

INTERSIL ICL 7660 
Voltage Converter 
Now ex-stock 

FEATURES: 
*Simple conversion  of  +5V  Logic 
supply to ±5V supplies 

*Simple voltage multiplication 1// 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, requires only 2 external 
non-critical components 

DATA AVAILABLE 50p 
SAE. please 

£2.25 

CPUs 
6502 
6504 
6802 
6809 
8080A 
8085A 
Z80 
Z80A 

£5.45 
£7.25 
£5.135 
£15.00 
£4.15 
£6.45 
£5.45 
£6.45 

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* 

ENCODER/ 
TRANSMITTER 
LM1871  £1.90 

RECEIVER/ 
DECODER 
LM1872 £1.90 

VOLTAGE 
REGULATORS 

1A 
7805  5V 55p 
7812  12V 55p 
7905  5V 60p 
7912  12V 60p 

100mA 
78L05  5V 29p 
7802 -  12V 29p 

500mA 
79M12  12V 64p 
79M05  5V 64p 
723  32p 

SUPPORT 
DEVICES 
6520 
6522 
6532 
6810 
6821 
6845 
6850 
6852 
8212 
8216 
8228 
8255 
Z8OCTC 
Z8OPIO 
ZOPA CTC 
ZOCA PIO 
Z80 DMA 
Z8OADMA 
Z80510/0 
280AS10/0 
Z80 510/1 
Z8OAS10/1 
Z80510/2 
Z8OAS10/2 

£3.15 
£5.60 
£7.75 
£2.50 
£1.90 
£15.00 
£1.95 
£3.30 
£1.75 
£1.75 
£3.95 
£4.10 
£4.25 
£4.25 
£5.40 
£5.40 
£16.00 
£16.00 
£18.00 
£24.00 
£18.00 
£24.00 
£18.00 
£24.00 

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 

SN 76477N  £1.70 
A single chip versatile 
SOUND EFFECTS 
GENERATOR SN76477N 
is ideally suited for 
applications such as 
arcade or home video 
games, alarms, sound 
effects boxes and toys, 
DATA  £1.25. 
50p large SAE. 

COMBO CHIPS 
Intended for Z80 Usage 
ZOO Combo ChM IMK3886), 21/2 meg.  £25.00 
DMA Combo Chip 1MK3886N-41, 4 meg. 

£29.95 

ANTEX SOLDERING IRONS 

Model CX. 17W 
Kit SK.1 15W 
inc. base/stand & solder. 

Kit SK.3 17W  £6.00 
Kit SK.4 25W  £6.00 
SK.3 and SK.4 complete with stand. 
MLX Repair Kit can be used where no 
mains elec. Is available  f4.80 

£4.25 
£8.00 

VEROBLOC SOLDERLESS BREADBOARD 
360 reliable contacts 

Will accommodate any size of IC. Can be fully 
interlocked, one with another. 
SPECIAL PRICE £3.55 

KITS FOR BEGINNERS 
AROUSE THE MICROCHIP INTEREST IN THE YOUNGSTERS STARTER KITS 

ULTRONIC FLY 
REPELLER 

A must for campers 
Features: 
-LED indication 
-Pocket-size case 
-Low power consumption 
Kit + all parts + case with in-
structions for easy assembly. 
Battery not included. 

£4.50 

LIGHT ACTIVATED 
SWITCH 
Used far automatic liphting 
control, elec. appliance 
control, elettronic gun burglar 
alarm and auto-open  door 
system. 
Switch on/off 200W. elec. ap-
plianCeS. 
Kit + parts + instructions for 
easy assembly. 

£3.50 

ELECTRONIC 
WHEEL OF 
FORTUNE 

Fun Kit 
Easy to assemble. 

Case included. 

Wonderful game. 

£5 

-  ORDERING INFORMATION 
Please add 50p P. & P. Plus 15% VAT, to 
all orders, 
EXPORT ORDERS ACCEPTED, Add 15% 
'P&P On total order. VAT, not applic-
lable. 
ACCESS/BARCLAYCARD WELCOME 

It is our policy to offer you brand-
new, full-spec. devices, Prices 
subject to change wIthout notice. 
Schools, Univ. Official Orders wel-
come. 

-4e 

W W - 054 FOR FURTHER DETAILS 

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 
TBA 120T  0.67  TBA 890 
TBA 120S  0.67  TBA 900 
TBA 120AS 0.55  TBA 920 
TBA 240B  1.12  TBA 940 
TBA 395  1.20  TBA 950 
TBA 510  1.20  TBA 990 
TBA 520  1.05  TBA 1440 
TBA 540  1.05  TBA 1441 
TBA 550  1.20  TCA 270 
TBA 560  1.20  TCA 540 
TBA 570  1.05  TCA 800 
TBA 720  1.80  TDA 440 
TBA 750  0.96  TDA 1037 

0.80 
0.67 
1.20 
1.20 
1.25 
1.60 
1.16 
1.15 
1.15 
1.15 
1.15 
1.48 
1.60 
1.60 

TDA 1060 
TDA 1170 
IDA 1190 
TDA 1270 
TDA 2002 
TDA 2010 
TDA 2140 
TDA 2150 
TDA 2151 
TDA 2160 
TDA 2161 
TDA 2510 
TDA 2520 
TDA 2522 

1.59 
1.50 
1.50 
1.50 
1.17 
1.55 
1.55 
1.55 
1.55 
1.55 
1.65 
1.55 
1.65 
1.70 

TDA 2523 
TDA 2540 
TDA 2541 
TDA 2560 
TDA 2570 
TDA 2571 
TDA 2580 
TDA 2590 
TDA 2591 
TDA 2593 
TDA 2611 
TDA 2640 
TDA 2652 
TDA 2661 

1.70 
1.60 
1.60 
1.60 
1.60 
1.60 
1.55 
1.70 
1.60 
1.65 
1.56 
1.60 
1.65 
1.60 

74  LS  SERIES 
SN 74 LS 48N 
SN 74 LS 85N 
SN 74 LS 107N 
SN 74 LS 123N 
SN 74 LS 124N 
SN 74 LS 132N 
SN 74 LS 148N 
SN 74 LS 173N 
SN 74 LS 174N 
SN 74 LS 175N 
SN 74 LS 190N 
SN 74 LS 191N 
SN 74 LS 192N 
\ SN 74 LS 193N 

0.56 
0.65 
0.29 
0.42 
0.55 
0.42 
0.56 
0.49 
0.56 
0.45 
0.47 
0.47 
0.56 
0.47 

SN 74 LS 197N 
SN 74 LS 241N 
SN 74 LS 248N 
SN 74 LS 249N 
SN 74 LS 259N 
SN 74 LS 260N 
SN 74 LS 280N 
SN 74 LS 290N 
SN 74 LS 298N 
SN 74 LS 375N 
SN 74 LS 378N 
SN 74 LS 395N 
SN 74 LS 399N 
SN 74 LS 670N 

0,52 
0.69 
0.58 
0.58 
0.85 
0.32 
1.07 
0.47 
0.60 
0.40 
0.60 
0.85 
0.94 
1.85 

DIODES. 
OA 47  0,10 
OA 90  0.05 
OA 91  0.06 
OA 95  0.06 
OA 200 0.06 
OA 202 0.08 
IN 914  0.04 

IN 916  0.04 
IN 4001 0.04 
IN 4002 0.04 
IN 4003 0.05 
IN 4004 0.05 
IN 4005 0.05 
IN 4006 0.06 

DIODES, 
IN 4007 0.06 
IN 4148 0.04 
IN 5401 0.09 
IN 5402 0.10 
IN 5403 0.10 

IN 5404 0.10 
IN 5405 0.17 
IN 5406 0.17 
IN 5407 0.17 
IN 5408 0.18 

L.E.Ds 
Round 3mm/5mm 
Priced by colour; 

Red  0.05 
Green  0.07 
Yellow  0.07 
Orange  0.10 

Quantity discount available. Trade enquiries welcome. 
All components brand new and subject to availability. 
Please add 50p for carriage on all orders. 
Terms: Money Order/Pcistal Order or Bankers draft 

with orders please. 
All orders despatched on day of receipt with full refund 
guarantee for out of stock items. 

Digital Quartz Clock for your car, boat and caravan £7.20  E. &. O. E. 
Size: 102 x 42 x 40mm 

PRODUCTION 
TESTING 

DEVELOPMENT 

SERVICING 

PO WER UNITS 
Now available with 

3 OUTPUTS 

Type 2 50VRU / 30/ 2 5 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2:.0-70v, 10A AC 

.OUTPUT 3: 0-250v, 4A AC 

ALL 
Continuously 
Variable 

Var.& 
VALRADIO LIMITED, BRO WELLS LANE, FELTHAM 

MIDDLESEX TW13 7EN 
Telephone: 01-890 4242/4837 

ONLY 3p EACH 
Minimum -order £10 

Minimum 5 pcs per value 
89 Values (E24) 

Ok •  rkr.  //)  04  .P.ès 
• . /5'.9 •  ' •  •  esE, 496, 

/ea  ê 

METALFILM RESISTORS 
1006 
11OR 
1200 
13OR 

1% Tolerance, 1/4 Watt  150R 
16OR 
1800 
200E 
2200 
2400 
2700 
30OR 
3300 
3600 
3900 
4300 
4700 
5106 
5606 
620R 

lk  10k 
1 k 1  11k 
1k2  12* 
1k3  13k 
1k5  15k 
1k6  16k 
1k8  18k 
2k  20k 
2k2  22k 
2k4  24k 
2k7  27k 
3k  30k 
3k3  33k 
3k6  36k 
3k9  39k 
4k3  43k. 
41,7  47k 
5k i 51k 
5k6  56k 
6k2  62k 

6800  6k8  68k 
7500  7k5  75k 
020E  8k2  82k  szok  
, 9106. 9k1  91k  1M 

Special Offer: 5 PCS of EACH (445 RESIS-
TORS)ONLY £11.50. 
High Quality High Stability, Huge 
Strength. 
VAT inclusive. Add £1.00 p&p all areas. 

ORION SCIENTIFIC PRODUCTS LTD. 
4 Golden Sq., London W1 

W W - 050 FOR FURTHER DETAILS 

TV TUBE REBUILDING 
Faircrest Engineering Ltd. manufacture a comprehensive 
range of equipment for processing all types of picture tubes, 
;colour and mono. 'Standard or' custom built units for'estab-
lished or new businesses. We export world-wide and have an 
,,excellent spares service backed by a strong technical team. 

Full training courses are individually tailored to customers' 
requirements. 

For full details of our service contact Neil Jupp 

FAIRCREST ENGINEERING LTD. 
4 Union Road, Croydon, CRO 2XX 

01-684 1422/01-684 0246 

W W - 042 FOR FURTHER DETAILS 

'PIKAMIC's the name, 
The Broadcast one. 

DC 
RADIOMICROPHONES 

DESIGNED Et BUILT BY 

PROFESSIONALS 

A SENSATION that 
lets you use the Mic you 
love, in an instant. 
Unplug the lead, plug in 
the "Pikamic' transmitter, and 
INSTANT CORDLESS 
FREEDOM is yours! 

* Crystal controlled. 
* Light weight 6ozs complete with battery. 
* Integral Aerial. 
• Max. dim. 31 mm dia. X 101 mm long. 
* British built. H.O. approved. 

For full details contact: 
EDC (Elkom Design Limited), 
29a West Street, Wareham, Dorset, England BH20 4JS 

Tel: Wareham 1092 95) 6050 

W W-071 FOR FURTHER DETAILS 

EDC 

4% 

A PROFESSIONAL 
TOOLCASE FOR 
UNDER £4 o 
Designed for the professional Electronics, T.V or 
Instrument Technician who needs to carry a large 
number of specialist tools. 

The T L99 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. 
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00k 
110k 
120k 
130k 
150k 
160k 
180k 
200k 
220k 
240k 
270k 

330k 

470k 

560-k 

68dk 

Features 

• 2 sided Reversible Multi-purpose 
tool pallet 

• Document area 

• 90° opening lock back stays 

• 3" deep ABS lid and base 

• Twin handles with 8 fixing points 
on aluminium frames 

• Burst proof toggle locks, with keys 

• Moulded adjustable tray in base 

• Heat sink for hot solderrng iron 

Dimensions  TL 99 17" x 12" x 6" split (shown) 
also available TL100 19" x 14" x 6" split 

Tools NOT included. British made. 
Money back guarantee. Allow 7-21 days for delivery. 

www.americanr diohistorv.com 
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FOR 
STRONG, INEXPENSIVE 

WHO'S 
LOOKING.... 

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 

0 r 
In-Field Test Gear 

You should look into a 

TUBOX 
Our prices won't make your eyes water 

Zaerix Electronics Limited 
46 VVestbourne Grove, London W2 5S F, England 

Tel: 01-221 3642 Telex: 261306 

SCOOP 
ONLY 

f 29.95 ,VAT 

Professional ASCII Keyboards 

The 'CHERRY' 

BRITISH MADE  Computer 
• 52 KEY 7 BIT  Keyboard 
ASCII CODED 
' POSITIVE STROBE, • CHIP BY GENERAL 
+5V - 12V.  INSTRUMENT (G.I.) 

• FULL ASCII  TTL OUTPUT  ESCAPE. SHIFT. 
CHARACTERS  SUPERBLY MADE  RETURN & RESET 

PARALLEL OUTPUT SIZE 13 x 5.5 x  KEYS 

WITH STROBE  1.5 ins.  CONTROL. REPEAT 

• PO WER LIGHT ON • BLACK KEYS WITH  & BELL 
CONTROL  WHITE LEDGENS  Complete with DATA 

The 'Apple  Supply 
A PROFESSIONAL BUILT & 
VENTILATED POWER UNIT 
& CUT OUT PROTECTION 

SPECIFICATIONS 
Input voltage: 210.250v 
Supply voltages: *SO 
.11 8-12.0 -5.2. 
Power consumption; 60 
watts max. (full load). 
Full load power output:  • 
+5v: 2.5 amp; -5v: 250ma; 
.12v: 1.5 amp: -12v: 250ma. 
Size: 10" o 33/4" x 21/2" 
Weight' (Approx.) 3 Ms. 

Complete with lull data 
& information - 
Supplied brand new . 

TESTED, CASED & 
WITH BUILT IN OVERLOAD 
CIRCUITS 
The Apple Power Supply is a high-voltage 
"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 rectify and regulate 
these lesser voltages. the Apple Power 
Supply first converts the AC line voltage 
into a DC voltage, and then uses this OC 
voltage to drive a high-frequency 
oscillator. The output of this oscillator is 
fed into a small transformer with many 
windings. The voltages on the secondary 
windings are then regulated 
PREVENTS OAMAGE 8 RETURNS UNIT TO NORMAL 
WORKING CONDICIONO 

Ideal for use with TANGERINE. 
TRITON, TUSCAN, APPLE and most 
computers. Ex-Stock from HENRYS 

This is definitely the BEST BUY. FULLY 
GUARANTEED. Supplied BRAND NEW in 
manufacturers original packing. Just post 
remittance total (3595 lintl. VAT. & Posq 

Suitable for use with 
most computers 

ffee 
gzx 
G1-4 

o 

• 

LIST PRICE 
£22.00 
OUR PRICE 

£10.95 
PLUS VAT 

'Cherry'Add-on Keypad 
A COMPACT 12 BUTTON KEYPAD SUITABLE FOR USE 
WITH CHERRY KEYBOARD TO EXTEND ITS FUNCTIONS 
PLUS FOUR EXTRA KEYS. 
SUPPLIED BRAND NEW WITH DATA 

A 3 x 4 non-encoded single mode keyboard in sloped format 

HENRYS  
COMPERKIT DIVISION 
404 Edgware Road, London, W2. England 
Telephone: 01-402 6922 
Telex 282284 Mono Transonics 

Flm  ith +. 

BARCLAYCARD 

11717 M 

1Ailrewound Ceramic Resistors 
Axial or vertical mounting 
5w-17w 0R5-39K 
from £9.35 
per 100 

Cable Sleeves and Markers from 
£1.38 per 1,000. 
Crimp Terminals from £9.60 per 
1,900. 
Audible Warning Devices. Buzz-
tone, Bleeptone, Banshee, Bed-
lam, etc, from £1.14 each. 
Self-adhesive Pcb guides from 
£5.04 per 100. 

QUICK ACTING 
& ANTI SURGE    

CARTRIDGE FUSES  -1 

from £3.15 per 100. 

Carbon film Resistors 

1/4 w 5% 

£2 
Per 
1,000 

Carriage & VAT extra. 
Send for lists of valves avail-
able - 

also 1/sw, 1/2w, 1w etc. 

PBRA LTD. 
Golden Green, Tonbridge 
Kent TN11 OLH 
Hopfield (073274) 345 
Member Crystalate Group 

W W - 063 FOR FURTHER DETAILS 

XLR CONNECTORS 
Line Female 43F  £1.07  Chassis Female D3F £1.34 
Line Male A3M  0.93  Chassis Male D3M  £0.77 

4, 5 and 6 pin versions and large selection -audio adaptors available 

N E U T RI K  XLR CONNECTORS 
Latchless Chassis 19C3-F2  £0.67  Latchless Chaseis Male NC3-M2  £0.56, 
Line Female NC3-SC  £1.34  Line Male NC3-MC„,  £1.15 
Female Chtissis.ND3LFP  £1.65  Chassis Male NC3-MP  £0.87 

4, 5 and Black Versions and large selection of Audio Audio Adaptors ova 

XLR LNE MAIN SERIES 
XLR LNE 32  £3.87'  .XLR LNE 12C .   £4.14 
5ZI-R LNE 11C  •  £3,76 

.62.89  XLR LNE 31   

. .• BELCLERE AUDIO TRANSFORMERS 
EN6422 Betio --i- 1,2 +-2. Freq. 40Ho.35KHz. PRI 150/600D, sec. 600/2.4K0  '  £3.64 
EN6423 Ratio 1 + 16.45 + 6.45. Freq. 40HZ-25KHz. PRI 150/6000. sec. 6.25K/25K0  :£3.64 
SKT-723 MuMetal Screening can, 39d8 reduction 5011z ext. field  ra.05 
Trade enquiries welcome; quantity discounts available. All prices subject to VAT. Call, write or 

phone. Min. order £10. Please add El postage. Access, Amex, Barclaycard. . 

• KELSEY ACOUSTICS LTD. '- -

lIon it with Am,. 
28 POWIS TERRACE, LONDON W11 IJH 

01-727 1046 
W W - 061 FOR FURTHER DETAILS 

BARCLAYCAliD PM COMPONENTS LTD. VALVE & COMPONENTS SPECIALISTS 
DEPT. A, CONINGSBY HOUSE, WROTHAM RD, MEOPHAM, KENT DA13 OHN 

PHONE 0474 813225. TELEX 965966 WEST ST G 
SEMICOND CTO  
AC126  0.22 
AC127  0.22 
AC128  0.28 
AC128K  0.32 
AC141K  0.34 
AC142K  0.30 
AC176  0.22 
AC176K  0.31 
AC187  0.28 
AC187K  0.28 
AC188  0.22 
AC188K  0.37 
AD142  0.90 
AD143 • 0.82 
AD149  0.70 
AD161  0.39 
AD162  0.39 
AD161/2  1.04 
AF124  0.34 
AF125  0.32 
AF126  0.32 
AF127  0.32 
AF139  0.42 
AF150  0.42 
AF239  0.42 
AU106  2.0e 
AU107  1.75 
AU110  2.00 
AU113  1.48 
BC107  0.10 
BC1074  0.10 
BC107B  0.10 
BC108  0.10 
BC1084  0.10 
BC108B  0.10 
BC108C  0.10 
BC109  0.10 

C101313 
BC109C 
BC114 
BC1164 
BC117 
BC119 
BC125 
BC140 
BC141 
BC142 
BC143 
BC147 
BC1484 
BC14813 
BC149 
BC157 
BC158 
BC159 
BC160 
BC161 
BC17013 
BC171 
5C1714 
BC1715 
BC172 
13C17213 
BC172C 
BC1730 
BC174 
BC1744 
BC182 
BC182LB 
BC183 
BC183L 
BC184LB 
BC204 
BC208B 

0.10 
0.11 
0.11 
0.12 
0.19 
0.24 
0.12 
0.31 
0.25 
0.21 
0.24 
0.09 
0.09 
0.09 
0.09 
0.10 
0.09 
0.09 
0.28 
0.28 
0.10 
0.08 
0.10 
0.10 
0.09 
0.10 
0.10 
0.10 
0.09 
0.09 
0.09 
0.10 
0.12 
0.09 
0.09 
«0.10 
0.13 

BC212 
BC212L 
BC213 
BC213L 
BC214 
8C214L 
BC237 
BC238 
5C2514 
8C2524 
BC2584 
BC300 
8C301 
BC303 
BC307 
BC327 
BC337 
BC338 
BC461 
BC478 
BC547 
BC548 
5C5494 
BC550 
BC55013 
BC557 
BC5578 
BC558 
50115 
B0116 
B0124P 
50131 
5D132 
50133 
80135 
50136 
8D137 
00138 
BD139 

0.09  BD140  0.30 
0.09  BD159  0.65 
0.09  B0166  0.46 
0.09  BD179  0.72 
0.09  13D182  0.70 
0.09  BD201  0.83 
0.09  BD202  0.85 
0.09  BD203  0.78 
0.12  B0204  0.70 
0.15  90222  0.48 
0.39  00223  0.48 
0.30  50225  0.48 
0.30  80233  0.35 
0.28  BD234  0.35 
0.09  130236  0.45 
0.10  50237  0.30 
0.10  BD238  0.33 
0.09  80410  0.55 
0.30  80434  0.55 
020  131)437  0.50 
0.10  00438  0.60 
0.10  00517  0.60 
0.08  BD520  0.65 
0.07 BDX32  1.50 
0.07  5E115  0.35 
0.07  8E127  0.24 
0.07  5E158  0.18 
0.07 8E160  0.27 
0.30  0E167  0.24 
0.52  0E173  0,22 
0.56  0E177  0.38 
0.32  8E178  0.26 
0.35  8E179  0.34 
0.40  0E180  0.29 
0.30  5E181  0.29 
0.30  BF182  0.29 
0.26  8E183  0.29 
0.30  0E184  0.28 
0.32  0E185  0.28 

0E194  0.11 
8E195  0.11 
0E196  0.11 
8E197  0.11 
0E198  0.10 
8E199  0.14 
0E200  0.30 
13E241  0.15 
8E256  0.28 
BF256/LC 0.28 
8E257  0.28 
0E258  0.25 
8E259  0.26 
0E271  0.28 
8E273  0.13 
0E336  0.34 
BF337  0.29 
8E338  0.32 
0E355  0.37 
BF362  0.38 
8E363  0.31 
0E371  0.20 
0E394  0.19 
0E457  0.23 
0E458  0.23 
0E459  0.38 
BF595  0.23 
8E597  0.25 
0E639  0.28 
BER39  0.23 
BER40  0.28 
BER41  0.28 
BER79  0.28 
BER80  0.28 
BER81  0.28 
0E742  0.28 
8E143  0.27 
BFW92  0.85 
BFX29  0.30 

0C3  1.05 
OD3 1.15 
0M4  1.00 
0M5B 3.80 
0M6  2.00 
PABC80 0.50 
PC86 0.80 
Pcas  oso 
PC92 0.85 
PC97 0.95 
PC900 0.85 
PCC84 0.45 
PCC85 0.54 
PCC88 0.80 
PCC89 0.80 
PCC189 0.60 
PCC806 0.80 
PCE82 0.80 
PCF80 0.70 
PCF82 0.60 
PCF84 0.65 
PCF86 1.20 
PCF87 0.40 
PCF200 1.35 
PCF201 1.35 
PCF800 0:40 
PCF801 0.92 
PCF802 0.72 
PCF805 1.80 
PCF806 0.80 
PCF808 1.48 
PCH200 1.10 
PCL81 0.60 
PCL82 0.74 
PCL83 2.00 
PCL84 0.78 
PCL85 0.80 
PCL86 0.76 
PCL200 1.80 
PCL805 0.80 
PD500 2.95 
PEN4DD 1.50 
PEN25 1.50 
PEN45 1.80 
PEN46 1.50 
PENA4 2.50 
PFL200 1.13 
PL33 0.75 
PL36 1.05 
PL814 0.74 
PL82 0.80 
PL83 0.52 
PL84 0.65 
PL500 1.12 
PL504 1.20 
PL508 1.48 
PL509 2.30 
PL519 2.60 
PL802 2.50 
PL820 3.00 
PT4 ' 4.00 
PT15 4.50 
PY31 0.60 
PY32 0.80 
PY33 0,60 . 
PY81 0.85 
PY82 0.55' 
PY83 0.70 
PY88 0.74 
PY500A 1.35 
PY800 0.85 
PY801 0.65 
P230  0.60 
0133-300 30.50 
0E03.10  3.20 
CIP25 1.00 
00606-40 

13.95 
CKIV02-6 10.50 
CIOV03-10 2.50 
QQV0.3•204 

12.26 

BFX84 
BFX85 
BEX86 
BEX88 
BEY50 
BEY51 
BEY52 
BEY56 
BEY90 
BR100 
811101 
BRC4443 0.85 

0.29 
BT106  1.00 
BT108  1.22 
BT115  1.20 
8U105  1.22 
8U108  1.89 
BU124  1.00 
BU126  1.22 
5U204  1.55 
BU205  1.30 
BU208  1.39 
9U2084  1.52 
5U208/02 1.89 
BU326A  1.42 
BU407  1.24 
BU500  1.75 
MRF477 10.00 
MJ3000  1.98 
MJE340  0.40 
MJE520  0.48 
1.120088  1.70 
112010B  1.70 
112322  0.58 
R2323  0.66 
R2540  2.48 
025404  2.80 
RCA18334 0.90 

Q0V06-404 
13.95 

Q0206-404 
45.25 

C1S150/45 7.00 
QS1200  3.15 
QS1209  1.50 
081212  320 
0V03-12  3.50 
0V05-25  1.75 
0Y3-125 30.50 
ClY4-250 52.15 
QY4-400 60.85 
QY5-500 99.00 
R1  1.50 

0.28 
0.28 
0.30 
0.25 
0.21 
0.21 
0.25 
0.48 
0.77 
0.19 
0.30 

RCA16335 0.80 
TIP29  040 
TIP29C  0.42 
TIP304  0.40 
TIP30C  0.43 
TIP31C  0.42 
TIP3213  0.40 
TIP32C  0.42 
TIP3311  0.55 
TIP41C  0.45 
TIP42C  0.47 
TIP47  0.65 
TIP2955  0.84 
TIP3055  0.86 
TIS91  0.20 
2192219  0.26 
2192905  0.40 
2193054  0.59 
2N3055  0.59 
2N3702  0.12 
2N3703  0.12 
2193704  0.12 
283705  0.12 
2N3706  0.12 
2N3708  0.12 
2N5294  0.38 
2N5296  0.48 
2145298  0.52 
2N5496  0.66 
2N6107  0.68 
2SC1172Y 2.20 
2SC1306  1.25 
2SC1307  1.85 

INTEGRATED CIRCUITS TBA120SCI 0 70  
LA4031P  2.70 
LA4400  4.15 
MC1327P 0.95 
MC1330P 0.76 
MC1349P 1.20 
MC1350P 0.713 
MC1351P 1.00 
MC1352P 1.00 
MC1495  3.00 
MC14011BCP 

0.32 
MC141213BCP 

0.70 
MC14049BCP 

0,43 
ML2310  1.75 
M123213  1.75 
ML236  5.35 
ML237  1.95 
ML238  4.20 
ML239  2.10 
ML920  4.12 
M1922  3.29 
ML926  1.55 
ML928 
SAA1025 3.65.20  
SAA1124 5.00 
SAS560S 1.60 
SAS5705 1.60 
SAS580S 2.85 
SAS590S 2.85 
SL480  1.40 

NEW BRANDED VALVES 
A1714  14.00 
A1998  11.50 
A2087  11.50 
A2134  9.00 
42293  7.20 
A2521  15.00 
A2900  10.90 
ACP 3.00 
AC/HL/DD 

3011 
AC/PEN  3..50 
AC/SP3  4.50 
ACVP1  3.50 
ACVP2  1.50 
AR8  0.70 
ARP12  0.70 
ARP34  2.00 
ARP35  1.50 
ARP37  1.00 

1.50 
836  1.85 
B729  1.20 
BT5B  33.00 
BT174  95.00 
C8131  2.00 
Cl K  14.00 
C3JA  10.00 
D3A  30.00 
DAC32  1.20 
DAF91  0.45 
DAF96  0.65 
DC90  1.20 
DCX4/1000 

5.00 
00620  1.20 
DET10  6.00 
DF33  1.20 
DF91  0.45 
DF92  0.60 
DF96  0.85 
DF97  1.50 
DI-163  2.20 
DH77  0.90 
DK91  0.90 
DK92  1.20 
DK96  1,00 
DL92  0.80 
DL94  1.20 
DL96  1.00 
DLS10  9.00 
DLS16  10.00 
DM70  1.10 
DM160  1.50 
IMO  1.20 
DY136/87  0.55 
DY802  0.80 
6551  14.00 
E8OCC  4.75 
E8OF  6.25 

E81CC 
682CC 
E83CC 
E83F 
E86C 
E88C 
E88CC 
61301 
6180F 
6182CC 
6280F 
E283CC 
0810F 
EA50 
EAA91 
EABC80 
EAC91 
EAF42 
E541 
E591 
EBC33 
EBC41 
EBC81 
EBC89 
EBC90 
EBC91 
EBE80 
EBF89 
EC52 
EC86 
EC88 
EC90 
EC91 
EC92 
EC93 
ECC33 
ECC40 
ECC81 
ECC82 
ECC83 
ECC84 
ECC85 
ECC88 
ECC91 
ECC189 
ECC803S 
ECC804 
ECC807 
ECC808 
ECF80 
ECF82 
ECF86 
ECF802 
ECF804 
ECF812 
ECH3 
ECH35 
ECH42 
ECH81 

3.90 
1.50 
1.50 
2.50 
6.00 
4.00 
2.80 
13.00 
5.25 
4.50 
19.50 
8.25 
8.25 
1.00 
0.60 
0.56 
0.90 
1.40 
2.30 
0.52 
1.00 
0.85 
0.85 
0.85 
0.75 
0.75 
0.55 
0.70 
0.70 
1.00 
1,00 
0.45 
3.00 
0.80 
0.80 
4.00 
2.30 
0.55 
0.55 
0.60 
0.60 
0.80 
0.65 
0.65 
0.78 
1.50 
0.40 
1.30 
2.00 
0.65 
0.60 
1.50 
1.20 
8.00 
1.20 
2.50 
1.50 
1.00 
0.58 

ECH83  0.78 
ECH84  0.93 
ECL80  0.86 
ECL82  0.58 
ECL83  1.13 
ECL84  0.74 
ECL85  0.74 
ECL86  0.74 
SF22  2.50 
EF37A  3.130 
EF39  2.00 
EF40  1.20 
EF41  1.25 
6562  1.95 
EF50  «1.50 
EF55  2.25 
EF71  1.50 
EF80  0.48 
EF83  3.50 
EF85  0.48 
EF86  0.70 
EF89  0.75 
EF91  1.22 
EF92  5.00 
EF93  0.65 
EF94  0.55 
EF95  0.78 
EF96  0.85 
EF97  0.95 
6E183  0.56 
EF184  0.55 
6E731  1.80 
EH90  0.85 
EK90  0.65 
E132  0.95 
6133  2.50 
EL34  1.54 
E134 Mallard 

2.45 
6136  1.60 
EL37  9.00 
6138  4.50 
6141  1.50 
6181  2.05 
6182  0.58 
ELM  860 
6185  3.85 
6186  0.80 
6190  0.82 
6191  6.00 
E195  0.70 
61360  9.00 
61504  1.40 
61509  2.60 
61821  7.00 
61822  8.25 
EM1  4.00 
EM4  4.00 
EM80  0.70 

ZENER DIODES --  I BASES 

BZX61 0.15 
6V2 7V5 8V2 9V1 10V 11V 12V 13V 
15V 16V 18V 20V 22V 24V 27V 30V 
33V 36V 39V 47V 

BZY88 0.07 
2V7 3V 3V3 3V6 3V9 4V3 4V7 5V1 
5V6 6V2 6V8 7V5 81./2 9V1 10V 11V 
12V 13V 15V 18V 24V 27V 

DIODES 
44119 
BA102 
BA115 
BA145 
8A148 
BA154 
BA155 
BA156 
BAX13 
BAX16 
13510513 
613105G 
BY126 
EPI127 
81133 
BY164 

0.08 
0.17 
0.13 
0.17 
0.17 
0.06 
0.13 
0.15 
0.04 
0.08 
0.30 
530 
0.10 
0.11 
0.15 
0.45 

55176  0.85 
01179  0.83 
BY199  0.28 
BY206  0.14 
BY208.800 0.33 
BY210.800 0.33 
55223  0.90 
01298.400 0.22 
ElY299-800 0.26 
BYX10  0.20 
BYX55/600 

0.30 
BYX/1/800 

0.60 
0447  0.09 
0490  0.05 
0491  0.06 

B7G  0.15 
B7G 
Skirted  0.30 
B8G  0.70 
B9A  0.15 
B9A 
Skirted  0.30 
B1013  0.18 
5135  0.50 
8 Pin DIL  0.20 
14 Pln OIL 0.22 
14 Pin OIL/0 

0.30 
16 Pin DIL 0.30 
VALVE 
SCREENING 
CANS  0.27 

0495 
04202 
19014 
194001 
N4002 
N4003 
194004 
N4005 
N4006 
N4007 
194149 
N4448 
190401 
N5402 
N5403 
NS404 
58405 

0.08 
0.11 
0.03 
0.04 
064 
0.04 
0.05 
0.06 
0.05 
0.08 
0.02 
0.10 
0.12 
0.14 
0.12 
0.12 
0.13 

1195406 
IN5407 
1195405 
171-44 
ITT2002 

EM81  0.70 
EM84  0.70 
EM85  0.86 
EM87  1.10 
EMM803 2.50 
61932  14.00 
EN91  0.95 
E N92  4.00 
651500 115.00 
EY51  0.80 
EY83  1.50 
EY84  8.00 
EY86/87  0.50 
EY88  0.60 
EY5004  1.50 
0241  1.20 
EZ80  0.58 
EZ81  0.513 
EZ90  0.96 
01/371K 30.00 
G55/1K  8.00 
0120/1B  8.00 
G150/2D  4.00 
0180/2M 7.00 
GC1013  9.00 
GC1OD  9.00 
GC1045  9.00 
GN4  4.00 
01910  15.00 
GN24  1.50 
GRD7  9.00 
GS10C  12.00 
GT1C  13.50 
GU50  11.50 
GXU1  13.50 
GXU50  12.50 
GY501  1.20 
GZ30  0.85 
GZ32  0.85 
GZ33  3.25 
GZ34  2.00 
G237  4.00 
HL41  1.50 
I-11.42D0  2.00 
HL92  1.50 
H1133/OD 1.50 
HP6  1.50 
HY90  1.00 
KT61  3.50 
KT66 USA 4.95 
KT66 UK  9.00 
KT77  5.00 
KT88 USA 8.00 
KT88 UK 11.50 
KlVII61  1.50 
L63  1.00 
M8079  6.00 
M8083  3.25 
M8100  2.85 
M8137  2.85 
M8162  3.85 
M8196  3.25 
M8225  1.20 
M61400  4.00 
ME1402  4.50 
ME1403 10.00 
ME1501  14.00 
MH4  2.10 
MH41  2,10 
MS4B  5.00 
MU12  1.50 
MU14  1.50 
1918  1.001 
N78  6.9o; 
NR14  9.00 
NR73  3.50 
NU3  1.50 
NU17  1.50 
NU18  1.50 
042  0.60 
043  3.00 
082  0.65 

0.13 
0.16 
0.18 
0.04 
0.11 

'WIREWOUND 
RESISTORS 

ALL 
ORDERS 

DESPATCHED 
SAME DAY 
WHENEVER 
POSSIBLE 
* 

R3  1.50 
R10  4.00 
R12  0.80 • 
Ft16  12.00. 
1117  2.00, 
R18 
1119  1.20 
R20  1.20 
1101-125  3.50 
RG1-2404 

11.75 
RG3-2504 

11.75 
RG4-1000 

10.00 
RK-20A  12.00 
RP116  12.00 
RR3-1250 

65.00 
RV120/350 

1.50 
SUA  1.90 
S130  2.50 
S130P  3.00 
SP41  4.00 
SP42  2.50 
SIV280/40 

8.00 
STV280/80 

23.00 
741  2.00 
TP25  1.60 
TT11  1.50 
TT21  14.50 
7Y2-1254 

48.00 
TY4-350 90.00 
TY4-5004 

41.50 
U10  1.50 
U15  1.50 
U17  1.50 
U18-20  2.00 
U19  11.95 
U22  1.00 
U25  0.68 
U26  0.90 
U37  12.00 
U41  0.70' 
U191  0.70 
U193  0.85 
U281  1.00 
U282  1.00 
U291  0.80 
U301  0.60 
U309  0.60 
U801  0.80 
UABC80  0.85 
UAF42  1.00 
UBC81  1.00 
L1BE80  0.60 
UBF89  0.60 
UBL21  1.20 
UC92  0.80 
UCC84  0,70 
UCC85  0.60 

4 Watt  PREFERRED VALUES 

2K2-13KEI 
10K 

7 Watt  ". 
047-4K7 
5K6-12K 
15K-22K 

11 Watt 
10-10K 
15K 

17 Watt 
1F1-101( 
.161122K 

• 
0.16 
0.22 

0.14 
0.15 
0,18 

811 
0.24 
0.25 _ 

*NEW TO THE RANGE* 

2SA715  0.95 
2SC495  0.80 
2SC1096 0.80 
2SC2029  1.60 
AN21411  2.50 
AN240  2.80 
LA4031P 2.70 

MB3712  2.50 
MRF4504 11.50 
TA7130  1.50 
TA7204  2.15 
TA7222  1.80 
TA7310  1.80 
UPC1156H 2.15 

UCH21  1.20 
UCH41  1.20 
UCH42  1.20 
UCH81  0.85 
UCL82  0.78 
UF41  1.15 
UF42  1.15 
UF80  0.80 
UF86  1.10 
UF89  1.10 
UL41  1.85 
UU34  0.78 
UU5  1.50 
UU6  3.50 
UU7  3.75 
UU8  3.75 
UY1N  0.90 
UY85  0.70 
UY224  2.50 
V914  2.00 
VLS631  13.00 
VP41  1.50 
VP133  2.00 
VR75/30  3.00 
VR1O1  1.50 
VR102  1.50 
VR105/30 1.05 
VR150/30 1.15 
VT25 5.00 
VT120  1.15 
VT138  4.25 
VU39  1.50 
VX6120  5.00 
VX9133  5.00 
W25  0.65 
W61  1.50 
W63  0.70 
W77  5.00 
W107  0.70 
W142  1.15 
W147  2.00 
W727  Me 
W729  1.00 
X24  1.00 
X65 0.85 
X66  0.85 
X719  0.58 
XG5-500 19.50 
XR1-16004 

29.00 
XR1-64004 

128.00 
YL1020  29.00 
YL1060  15.00 
263  1.00 
Z77  1.20 
Z303C  9.00 
2502C  12.00 
Z5045  13.50 
Z700U  1.00 
Z749  0.48 
2759  9.00 
2803U  12.50 

8.00 
2M 1001  5.00 
ZM1020  4.00 
14C6  1.20 
15301  1.00 
105  2.50 
105  1.00. 
15G  1.00 
116  1.50 
1LAS  1.00 
1US  1.00 
1X2I3  1,15 

LINE OUTPUT 
TRANSFORMERS 
ITT CVC 26/30/32 
PHILIPS 08 
PHILIPS 08 
PHILIPS G11 
PYE 691/693 
RYE 731 
RANK T2DA 
THORN 8000 
THORN 8500 
THORN 9000 
MAINS TRANSFORMERS 
THORN 3000/3500 

2A3  3.00 
245154 11.00 
2C39A  19.00 
2C51  0.80 
257  1.50 
2021  0.95 
2D21W  2.00 
2K25  10.00 
3A/147J  7.50 
3A/167M 10.00 
342  3.00 
3A3A  3.00 
3A4  0.80 
3AW2  3.35 
3528  5.00 
306  0.50 
3W4GT  2.50 
4-1254  35.00 
4-250A  38.00 
4-400A  40.00 
4CX2508 28.80 
4CX3504 39.00 
5A-170K  5.25 
5A/206K  9.00 
5B-254M 14.50 
55-255M 14.50 
508  4.00 
5D2t  15.50 
5022  38.00 
5R408  2.00 
5U4G  0.85 
5U4013  1.50 
5V4G  0.88 
5Z4G  0.85 
6/30L2  0.70 
6A/203K  9.00 

1.50 
648G  1.50 
6487  0.80 
SA N 0.56 
64C7  1.00 
64F44  1.20 
64G7  1.20 
64H6  1.00 
64J7  1.00 
64K6  2.00 
6415  0.52 
64M4  2.50 
64M5  6.00 
54M6  1.30 
6AN5  2.00 
64N84  2.50 
6405  0.82 
6455  1.50 
6456  3.50 
6457G  4.50 
6476  0.80 
64V5GTA 1.50 
SALIS  0.55 
64V6  0.72 
6AW8A  2.50 
6428  1.80 
6810  '2.50 
6546  0.50 
6047  3.75 
60484  3.50 
6BE6  0.50 
6006  1.00 
60H6  1.60 
68J6  1.05 
6BK4  2.75 
55N4  1.25 
60N6  1.30 
613N7  3.50 
60198  0.85 

7.80 
9.00 - 
7.35 
12.50 I 
13.50 
10.15 
10.80 ' 
9.00 
10.00 
8.00 

10.00 

SL490  1.96 
SL901B  4.35 
SL91713  6.25 
SL1310  1.80 
511327  1.10 
S113270 1.10 
SL1430  1.09 
011431  1.37 
SL1432  1.37 
SN76003N.1.65 
AC76013N 1.15 
AC76023N .1.15 
SN6023N .1.45 
M7603314.1.85 
AC76033N .1.85 
SN78110N 0.89 
SN76131N.1.30 
SN76226ND 

1.55 
MI7622714.1.05 
SN76532 N.1.40 
SN76533N.1.30 
SN76544N.1.30 
5N76650N.1.05 
SN76660N 0.60 
SN76666N .0.70 
SW153  2.74 
TA7205AP .1.95 
TAA550  0.25 
TAA570  1.80 
TA46615 1.20 
TAA700  1.70 
TBA120B 0.70 
TBA1205 0.70 
TBA120AS 0.70 
1-94120SB 0.70 

613(15  0.80 
613060A  2.00 
65074  0.72 
613111  0.65 
65117  3.75 
65R8A  1.20 
6057  3.30 
6068  1.88 
6BU6  2.00 
6BU8  1.15 
68W4  1.30 
6BW6  4.50 
60W7  0.75 
6I3W8  4.00 
613)(701  2.00 
6BZ6 
6BZ8 
6C4 
6C6 
6C8G 
6C11 
6C15 
6C18 
6C31  1.50 
6C05  1.50 
6CB6  1.50 
6CD5GA  4.00 
5CF6  1.50 
6CG84  1.00 
6CH6  7.00 
6CL6  1.50 
6CZ5  2.00 
5DC6  2.00 
6DW4  1.20 
6E48  0.80 
6F1  2.00 
6F6G 2.00 

2.00 
0.95 
0.45 
0.50 
1.25 
2.50 
- 2.50 
2.50 

6F8G  1.50 
6F12  1.30 
6E14  1.00 
6F22  0.70 
6F23  0.48 
6F24  1.25 
6F25  1.25 
6E26  0.48 
6E28  1.25 
6F33  8.50 
6F05  1.50 
6FH5  1.50 
6FN5  1.50 
6FL2  1.50 
6GH84  0.80 
60K5  1.00 
6G K6  1.00 
6H2N  0.70 
6H3N  0.70 
6H5  1.00 
61-IFS  4.50 
M108  1.50 
5HZ6  1.00 
6J5GT  0.75 
6J6  0.55 
6.17  0.70 
6J7GT  1,00 
6JE6  2.10 
6JS6C  2.55 
6K4N  1.00 
6K7  0.70 
6KD6  3.95 
611  2.50 
616GC  1.75 
6L6GT  1.10 
617  0.55 
6115  1.50 
6117  1.50 
6118  0.60 
6103  0.85 
51020  0.80 
6P1  0.60 
6515  0.60 
6525  2.50 
6528  2.00 

TBA120U 1.00 
TBA395  1.50 
TBA396  0.75 
TBA440N 2.55 
TBA48012 1.25 
TBA510  1.65 
TBA510C1 1.65 
TBA520  1.10 
TBA5200 1.10 
TB4530  1.10 
TBA530Q 1.10 
TBA540  1.25 
TBA5400 1.35 
TBA5500 1.45 
T045500/6 

1.45 
TBA560C 1.45 
TBA560C0 

1.45 
TBA570  1.00 
T0472040 

2.45, 
TBA750  1.85 
TBA75011 1.85 
T84800  0.89 
TBA810S 1.35 
TBA810AS 

1.35 
TBA820  1.45 
TBA920  1.65 
T1349200 1.135 
TBA950-2X 

2.35 
TBA990  1.49 
TBA990C1 1.49 
UPC57C2 2.95 
UPC1025 2.50 

6547GT 1.00 
6SH7 1.50 
6SK7 0.80 
6SL7GT 0.72 
6SN7GT 0.69 
6557  1.50 
6U56  1.80 

0.60 
5V6GT 0.90 
6W4GT 1.00 
6X4  0.60 
6X5GT 0.60 
787  1.40 
708  1.40 
7H7  1.50 
7S7  2.00 
7Y4  1.00 
808  2.75 
8E07  0.75 
9BW6 1.20 
10C1  5.50 
10C2  0.70 
1002  1.25 
10E1  0.75 
10F9  0.75 
10E18  0.66 
10GK6 1.95 
10P14  2.50 
11E2  15.50 
12 M  2.50 
124C6  0.80 
12406 peo 
12406  0.83 
12408  150 
12AH7GT 0.85 
124H8  5.50 
12476  0.59 
124T7  0.55 
12477WA 1.50 
124U6  0.60 
124U7  0.55 
124V6  0.80 
12,4X7  0.55 
12AX7WA 1.50 

4.00 
12A274  1.50 
12844  1.60 
12546  0.75 
120E6  1.05 
1213H7  0.95 
12816  0.70 
12C8GT 0.70 
12E1  18.50 
12GN7 3.25 
12HG74 3.25 
12J5GT 0.48 
12J7GT 0.70 
12K5  1.00 
12K7GT 0.1r3,3 
12070T 
12547GT 1.00 
12SJ7 080 
12517  1.50 
125N7GT 1.85 
125E17- 0.70 
12U7  1.50 
12Y4  0.50 
1303  3.20 
1307  3.20 
1308  3.20 
14S7  1.00 
15132  1.00 
17JZ8 1.60 
1803  1.60 
19405  0.70 
2042  4.00 
2001  0.70 
2004  1.75 
20F2  0.75 
2011  0.95 
20P1  0.55 
2053  0.60 

TCA270  1.10 
TC42705 1.10 
TC4270SCI 

1.10 
TC4800  2.15 
TC4940  1.85 
TDA440  2.20 
T0410044 1.85 
TDA1170 1.95 
TDA1190 2.15 
TDA1327 1.70 
TDA13270 

1.70 
TDA13528 1.43 
TDA1412 0.85 

2.45 
TDA2030 2.80 
1042522 1.95 
TDA2523 1.95 
TDA2530 1.54 
TDA2532 2.40 
TDA2540 2.15 
TDA2541 2.15 
TDA2560 2.15 
TDA2581  1.25 
TDA2590 2.95 
TDA2591 2.95 
1042593 2.95 
1042600 295 
T0426114 1.95 
TDA2640 2.50 
11342590 1.35 
TDA3950 2.50 
UPC566H 2.95 

IVA1104  0.52 
VA8650  0.45 

THERMISTOR 

20P4  1.05 
20P5  1.15 
30  2.85 
30C15  0.40 
30C17  0.40 
30F5  0.95 
30E11  0.95 
30E12  0.95 
30E112  1.10 
30E114  1.85 
305113  0.80 
30PL14  2.25 
3545  1.20 
35W4  0.70 
3523  1.85 
40K06  2.80 
41  0.80 
431U  1.25 
5005  0.95 
50CD6G  1.15 
52KU  0.85 
57  0.85 
75C1  1.20 
80  1.40 
84 0.85 
85A1  5.40 
8542  1.20 
89  1.20 
90C1  1.89 
9000  10.85 
92AG  9.00 
92AV  9.00. 
15082  1.50 
15053  3.90 
150C4  1.50 
155UG  25.00 
18581  1.50 
2574  8.00 
4084  4.00 
7084  5.00 
7154  6.00 
715C  15.50 
7174  1.50 
801A  2.00 
,803  16.00 
'807  1.09 
808  3.00 
8114  9.00 
813  11.30 
6334  47.85 
845  8.00 
8664  3.00 
868  5.00 
885  2.00 
954  0.50 
955  0.80 
958A  0.90 
12994  0.60 
2050A  3.90 
4212E  230.00 
5557  19.50 
5636  3.00 
5642  5.00 
5651  1.75 
5670  3.50 
5687  8.15 
5696  2.55 
5718  3.50 
5725  3.50 
5726  1.50 
5727  2.00 
5749  2.00 
5751  1.50 
5763  3.20 
5814A  2.75 
5842  6.50 
6080  4.20 
6080 WA  6.00 
6146  4.20 
51464  4.45 
61465  4.45 
7360  7.50 

Many other items available 
Please phone br send list for quote 

CALLERS WELCOME 
* Entrance on  * Hours 
Wrotham Rd. (A227)  Mon.-Fri. 9.30-5.30 
Near Meopham Stn.  Saturday 9.30-12.00 
P. 8,1 P. 50p. Please add V.A.T. at 15% 

* 24-HOUR ANSAPHONE SERVICE * 

W W - 013 FOR FURTHER DETAILS 

www.americanr 
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TRANSCENDENT 2000  Ke grad 

TRANSCENDENT 2000 single-board synthesizer 

Complete Kit £168.50 
Designed by consultant Tim Orr 
(formerly synthesizer designer for 
EMS Ltd.) and featured as a con-
structional article in ET!, 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 LADSR 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 
tuning stability amongst its many 
features. 

The kit includes fully-finished metalwork, fully assembled solid teak cabinet, filter sweep 
pedal, professional quality components WI resistors either 2% metal oxide or 1/2% metal 
film), and it really is complete - right down to the last nut and bolt and last piece of wire! 
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 board are made with connector plugs 
and construction is so simple it can be built in a few evenings by almost anyone capable of 
neat soldering! When finished you will possess a synthesizer comparable in performanoe 
and quality with ready-built units selling for many times the price. 
Comprehensive handbook fully describes construction and tells you how to set up your 
synthesizer with nothing more elaborate than a multi-meter and a pair of ears) 

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 honky tonk piano or even a 
mixture of the two! Alternatively you 
can play strings over the whole range of 
the keyboard or brass over the whole 
range of the keyboard or should you prefer - strings on the top of the keyboard and brass 
on the lower end (the keyboard is electronically split after the first two octaves) or vice 
versa or even a combination of strings and brass sounds simultaneously. And on all 
voices you can switch in circuitry to make the keyboard touch sensitive! The harder you. 
press down a key the louder it sounds - just like an acoustic piano. The digitally 
controlled multiplexed system makes practical touch sensitivity with the complex dyna-
mics law necessary for a high degree of realism. There is a master volume and tone 
control, a separate, control for the brass sounds and also a vibrato circtiii wiîh 

TRANSCENDENT POLYSYNTH 
expandable polyphonic synthesizer 

Complete Kit £320 
(single voice) 

Plug-in extra voices £52 (or £48 
- if ordered with kit) 

By brilliant design work and the use of 
high technology components the 
Polysynth brings to the reach of the 
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 71/2 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 instrument is supplied with 1 voice and up to 3 more may be plugged in. A further 4 voices may be 
added by connecting to ar expander unit, the metalwork and woodwork of which is designed for side-by-
side matching with the main instrument. Each voice is a complete synthesizer in itself, with 2 VCOS, 2 
ADSRS, a VCA and a VCF (requiring only control voltages and power super)", the voice boards are also very 
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 an the voices for: 
ease of control and to ensure consistency between the voices. 

Although using very advanced electronics the kit is mechanically very simple with mininal wiring, most of 
which is with ribbon cable connectors. All controls are PC6 mounted and the voice boards fit with PCB , 
mounted plugs and sockets. The kit includes fully finished metalwork, solid teak cabinet, professional 
quality components (resistors 2% metal oxide or metal film of 0.5% and 0.1%), nuts, bolts, etc. 

TRANSCENDENT DPX MULTI-VOICE SYNTHESIZER Complete Kit £299 

PORTWAY INDUSTRIAL EST. 
ANDOVER, HANTS, SP10 3MM 

DE LUXE LINSLEY HOOD 75 W STEREO AMPLIFIER 

fillIt ediii PIM P 

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 CCD (charge coupled de- . 
vice) analogue delay lines. The overall 
effect of this is similar to that of several 
acoustic instruments playing the same 
piece of music. The ensemble circuitry 
can be switched in with either strong or 
mild effects.  . 

Although the DPX is an advanced design using a very large amount-of -circuitry, much of it 
very sophisticated, the kit is mechanically extremely simple with excellent access to all the 
circuit boards which interconnect with multiway connectors, just four of which are re-
moved to separate the keyboard circuitry and the panel circuitry from the main circuitry in 
the cabinet. 
The kit includes fully finished metalwork, solid teak cabinet, professional quality com-
ponents all resistors 2% metal oxide), nuts, bolts, even a 13A plug! 

W EAN 
WORLD LEADERS IN 
ELECTRONIC KITS 

Complete Kit 

£85 

This easy-to-build version of our world-wide acclaimed 75W amplifier kit based upon circuit boards interconnected with gold 
plated contacts resulting in minimal wiring and construction delightfully straightforward. The design was published in Hi-Fi 
News and Record Review and features include rumble filter, variable scratch filter, versatile tone controls and tape monitoring 
while distortion is less than 0.01 %. 

MPA 200 100W. (rms into 8 ohms) MIXER/AMPLIFIER COMPLETE KIT 

£49.90 

• - - KNOW! - 
elL, 
• MU M  • sz  03'  e 

_ 

- 
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 accepts a wider range of sources such as 
microphone, guitar, etc. There are wide range tone controls and a master volume control. Mechanically the 
MPA 200 is simplicity itself with minimal wiring needed making construction very straightforward. 
The kit includes fully finished metalwork, fibreglass PCBs, controls, wire, etc - complete down to the last 
nut and bolt. 

NEW KITS! 
Programmed from a synthesizer, our latest 
design to be featured in ELECTRONICS TO. 
DAY" INTERNATIONAL. the 1024 COM. 
POSER controls the synth. with a sequence 
of up to 1024 notes or a large number of 
shorter sequences e.g. 64 of 16 notes all 
with programmable note length. In addition 
a rest or series of rests can be entered. It is 
mains powered but an automatically trickle 
charged Nickel-Cadmium battery supplying 
the memory, preserves the program after 
switch off. The kit includes fully finished 
metalwork, fibreglass PCB, controls, wire, 
etc. - Complete down to the last nut and 
bolt! 

1024 COMPOSER 
Complete Kit £89.50 

All kits also available as separate packs (e.g. PCB, component sets, hardware 
sets, etc.). Prices in our FREE CATALOGUE. 

PRICE STABILITY: Order with confidence! Irrespective of any price 
changes we will honour all prices in this advertisement until . 
September 30, 1981, if this month's advertisement is mentioned 
with your order. Errors and VAT rate change excluded. 

b ur Catalogue is FREE! 

Write or phone no w! 

A NDOVER (0264) 64455 

120 ± 20 20W STEREO AMPLIFIER £33.10  
This kit. based upon a designPublished in Practical Wireless, uses a single printed 
circuit board and offers at very low cost, ease of construction and all the normal 
facilities found on quality amplifiers. A 30 watt version of this kit (T30 + 30) is also 
available for E2111.40+ VAT. MATCHING TUNERS - See our FREE CATALOGUE! 

COMPLETE KIT  SP2-200 2-CHANNEL 100W. AMPLIFER 

£64.90 

The power amplifier section 
of the MPA 200 has proved 
not only very economical 
but very rugged and reliable 
too, This new design uses 
two of these amplifier sec-
tion powered by separate 
power supplies fed from a common toroidal transformer. Input sensitivity is 775mV. 
Even simultaneously driven, each channel delivers over 100W rms into 8 ohms. The kit includes 
fully finished metalwork, fibreglass PCBs, controls, wire, etc. - complete down to the last net and 
boltl 

DJ90 DISCO SYSTEM - READ ALL ABOUT IT! 
in Electronics Today International July/August issue 

V.A.T. N OT INCLUDED IN PRICES 

EXPORT ORDERS: No VAT. Postage charges at actuel cost plut 
handling and postal documentation. 
U.K. ORDERS: Subject to 15% surcharge for VAT, NO charge is 
made for carnage. 

SECURICOFI DELIVERY: For this optional service (U.K. mainland 
only) add C2.50 (VAT inclusive) per kit. 
SALES COUNTER: If you prefer to collect your kit from the factory. 
Call at Sales Counter. Open 9 a.m. to 12 noon, 1 to 4.30 p.m. 
Monday to Thursday. 

QUALITY CB 
ACCESSORIES 

FROM STRUTT LTD 
SHURE MICROPHONES 

C1342  CB43 

£16.10  £17.12 
CB45  CHANNEL MASTER 
£21 .10 MODEL 5050 

GOLDEN HAWK 
BASE ANTENNA 

K40 ANTENNA £26.99 
TRADE INQUIRIES W ELCO ME 

3d Barley St 
Tavistock 
Devon. Tel. Tavistock 5865 
Bognor Regis 828473 

• 

£29.99 

W W - 055 FOR FURTHER DETAILS 

1N4148 Diodes 
1+  100+  1000+ 
.02  .016  .013 

CARBON FILM 
RESISTORS 
E12 SERIES 

e l a 

8 pin 
14 pin 
16 pin 
18 pin 
20 pin 
22 pin 
24 pin 
28 pin 
40 pin 

103 

L.E.D.s .125 and .2 

RED 
Y. or G. 

1+  100+ 1000+ 
.08  .069  .058 
.11  .10  .09 

Prices per 100. Larger and 
Mixed. Quantity prices available. 

100 off one type 
500 off one type 
1000 off one type 

LOW PROFILE I.C. SOCKETS 
TEXAS 

1+  100+ 500+ 
.075  .068  .06 

.09  .082  .073 

.10  .096  .085 

.125  .113  .10 

.14  .126  .113 

.15  .135  .12 

.15  .135  .12 

.16  .145  .125 

.24  .215  .19 

1+ 
.059 
.082 
.091 
.104 
.12 
.143 
.146 
.155 
.23 

SCANBE 

100+ 
.049 
.07 
.078 
.089 
.10 
.122 
.132 
.14 
.195 

.25 W .5 W 
.70  .90 
.62  .78 
.54  .68 

1000+ 
.044 
.064 
.07 
.081 
.092 
.111 
.116 
.12 
.176 

Please ackl £1.50 handling charge and 15% V.A.T. 

We also stock Microprocessors, CMOS, TTL, Transistors, Capacitors, Potentio-
meters, Connectors, etc. Free catalogue available to trade customers only. En-
quiries welcome. 

H arrison. Bros. 
Electronic Distributors 

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

Tel: Southend-on-Sea (0702) 32338 

W W - 041 FOR FURTHER DETAILS 
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JOIN THE PROFESSIONALS 
IF you are looking for amplification, take advantage of the same superb quality Crimson modules that the BBC, IBA, KEF and numerous recording 
studios have been using for years! Our expertise in this field of electronic design is internationally renowned, our reputation is based on quality, 
reliability and value for money and when it comes to technology, our modules feature 'possibly some of the world's most advanced audio circuitry 
yet devised. The Crimson range of audio amplifier modules is available to industry and public alike and is backed by full technical data, free technical 
advisory service, fast delivery and a full range of complimentary components available such as toroidal power supplies and heatsinks, etc. 
SPECIFICATIONS 

0/p  0/P 
Type  8 ohms*  4 ohms PSU H /sinks 
CE 608  38  -  CPS 80  HS50 
CE1004  44  70  CPS150  H550/100 
CE1008  65  -  CPS150  H550/ 100 
CE1704  85  121  CPS250  HS100/ 150/ FM1 
CE1708  125  -  CPS250  HS100 /150 / FM1 
CE3004  170  250  CPS250  HS150 / FM2 
CPR1X  output  775mV  REG1  - 
MC1X  output  2mV  REG1  - 
X02/3  output  775-2500mV  REG1  - 

Slew 
limit 
30VuS 
30VuS 
30VuS 
30VuS 
30VuS 
30VuS 
3VuS 
3VuS 
9VuS 

5/N 
110dB 
110dB 
110dB 
110dB 
110d13 
110dB 
70dB 
65dB 
90dB 

Sensitivity 
775mV 
775mV 
775mV 
775mV 
775mV 
775mV 
2.8mV 

70/ 150uV 
775mV 

THID (typl 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.0035% 
0.008 % 
0.008 % 
0.008 % 
0.01  % 

FR( - 3c1E0 
1.5Hz-50KHz 
1.5Hz-50KHz 
1.5Hz-50KHz 
1.5Hz-50KHz 
1.5Hz-50KHz 
1 5Hz-50KHz 
10Hz -50KHz 
10Hz -50KHz 

Preset 

Size 
80-120-25 
80-120-25 
80-120-25 
80-120-25 
80-120-25 
161-102-35 
138- 80-3.5 
80-120-35 
150- 50-20 

*Power output is quoted in WRMS and is given for two modules off the same power supply. Higher powers can be obtained if using our dual power supplies or 
one module per PSU or if using a stabilised power supply. 

Crimson modular audio amplifiers feature 

* low values of transient and steadystate 

distortions * envelope distortion (below 500 

fizi less than 0.05% * on board electronic 

protection * PC8 pin and edge connector 

termination * full range of complimentary 

components available le. PSUs. heatsinks, etc. 

PRICES 

Power amp modules 
CE 608 
CE1004 
CE1008 
CE1704 
CE1708 
CE 3004 

Pre amp modules 
CPR1 X 
MC1X 
REC1 
TR6 

The Crimson range of amplifier modules are built to very high -standards and have earned an el Viable 
reputation in every field to which they have been applied. The boards come ready built and tested 
(guaranteed for two years) and can be used to advantage where high quality amplification is required. 
The power amplifier modules range from 60WRMS to 310WRMS with up to twice this amount in bridge 
mode. All feature substantial heatsink brackets which can be bolted to any available heatsink or the 
Crimson purpose designed types. Input sensitivity is set at 775mV and power supply requirements are 
catered for by one of the three Crimson toroidal power supplies. The Pre-amplifier module (CPR1) is 
basically a phono amplifier with sophisticated circuitry incorporating RIAA equalisation. Also on-board 
auxiliary amplification for tape and tuner inputs. A separate module (MC1) is also available and gives the 
required boost for low output moving coil type cartridges. External components required are 
potentiometers for volume and balance, switches for signal routing and a regulated  15V DC power 
source (REG1). Complimenting this range, are the electronic crossover modules X02/X03 which, with a 
special muting board (Mull can be incorporated in all types of active speaker systems. 

Power supply modules  Heatsinks 
£21 00  cpsso  £26.24  HS 50 
£24.50  CPS8OD  £31.77  HS100 
£27.50  CPS150  £29.74  HS 50 
£35.00  CPS150D  £36.40  FM1 
£35.00  C PS250  £36.83  FM2 
£49.00  CP525019  £45,34 

£36.00 Active crossovers 
£32.00  X02  £20.00 
E 9.30  X03  £30.00 
£ 3.30  MU1  £ 9.60 

Ii 1 Crimson Flektrik 
9 Clavmiil Road, Leicester LE4 7JJ • Tel 0533 761920 

Hardware 
Pre-amp 
Power amp 
Thermal cut-out 

Telex 34964 Chamco C Crimlek 

£ 1.84 

2.99 
4.20 

£36.95 
£41.52 

£39.80 
£38.80 
£ 2.21 

All pricesinclude VAT. Please add £1.10 for orders up 
to £20.00, £2.50 up to £50 and £2.65 £50 and over. 
To allow for post and packing (UK only). 

Export-No problem. Please write for 
quotation or quote your Visa/ Master-
Charge card number. 

BARCLAYGUlD 

.111 .1 .11 
VISA 
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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 

W W - 056 FOR FUR T HER DE TAILS 

C r/ ifir e  ..._ e„,,,„, ç' 
- is (ELECTR O NICS) LTD 

• . ".. 

• 9 & 10 CHAPEL ST., LONDON, NW1 
01-723 7851  01-262 5125 
ADJACENT TO EDG WARE ROAD MET. UNE STATION 

SPECIAL OFFER OF HIGH GRADE EX-COMPU-
TER AUTO TRANSFORMERS Conservatively 
rated by famous makers, perfect condition, 
fraction of list price Open frame construction 
top panel connections. 4000 watts tapped 0- 
105-115-125-135-200, 215-230-240-260V £45. 
Carr. 64. 3000 watts £39.50. Carr. £4. 500 watt 
tapped  0-90-115-125-200-210-230-240-250 
Volts  Volts. Conservatively rated 500 watts £8.75. 
P&P £2. 

HT TRANSFORMERS 
Fraction of maker's price. All primaries 230-

_.12,r0 
Z1„7 :6P3U"'5eAk,°013 MeAt, t !J'e 2i5C e0-5.9TI 0 . 
.4.., 
400-300-0-300-400V 250 M/A, 6.6V BA, 6.6V 
„s3A, 6.3.V 2A Ele Carr. £2.50. 
''Pen lul.e  pe, 260-0-260V 150 M/A and 
205V 60 M/A, 03V 6A, 63V 1A, 5V 2A Efl. P&P 

80 M/A, 6.3V 3A, 5V 2A £.4.75, P&P 

MN. 
AC WKG BLOCK CAPACITORS 

0.25  BY FAMOUS MANUFACTURERS 'Nei)  PA» 
1500  £1.00 1,75  AC Volts wkg. 

0.75  440  £0.75 
370  £1.00 

2.5  440  flee 
2.7 + 0.1  700  £1.00 
3  440  £1. 00 
4 250   00 £1.00 
5 
7.5  360 330  £1.25 t2.00 
15  330  £3.00 

P&P up to 2.5 MFD 25p 
2.7-15 MFD 50p 

LATEST  PURCHASE.  COMPUTER G RADE IT RA £ 
TRANSFORMERS. Conservatively rated. All 
Primaries 220-240V. No. 1 Secs. 27V 10A, 9V 
3A, 15V 1/2 A x 2. Separate windings. £8.50. 
P&P £2. 
No.  2 sec.  tapped  26-31-36V, 11.2A £12. P&p 
£2.  

No. 3 sec. 36V 6A £8.50. P&P £1.50. 
No. 4 sec. 43V 3A £4.75. P&P £1.50. 
No. 5 sec. 24V 2A £2.75. P&P £1.25. 
No. 6 sec, 27.5-0-27.5V 1.2A and 7-0-7V 0.75A 
£3.50. P&P £1.25. 
No. 7 12.6V 6A C Core £5.50. P&P £1.25. 
No. 8 13V 3A and 15V 1A f3,50, PEP £1.25. 
No.  9 18V  2A £2.50. P&P E1. 
No. 10 sec, 29-28-27-0-27-28-29V 350 M/A "C" 
Core  £3. P&P  £1. 

No. 11 sec. 10-7-0-7-10V 0.6A and 29-21-0-21- 
29V 0.37A In. P&P £1. 

£351050-0-.350V 

250V 100 M/A 6.3V 4.5A, 15V 1.2A £4, P&P 
11 .50,  
170V 40 M/A, 6.3V 3.3A 123, P&P £1.25. 
C Core Type 370-390-410V 6 M/A £2, P&P 75p 
250-0-250 V 50  M/A 6.3V 1.5A £3.50, P&P £1. 

PLEASE ADD 119 % TO Au ORDERS INC. CA W. 

CURRENT RANGE OF NE W L.T. TRANSFORMERS 
OPEN TYPE TAO CONNECTIONS 
ALL PRIMARIES 220-240r 

'Type  Sec Taps Amps  . Price  Carr -. 

1  24-30-40-48-60v  12  £36.50  £2.00 
2  24-30-40-48-60v  10  £31.50  £2.00 
3  24-30-40-48-60v  8  £27.50  £1.75 
4  24-30-40-48-60v  5  £16.75  £1.75 
5  24-30-40-48-60v  3  £11.50  £1.25 
6  24-30-40-48-60v  2  £7.190  £1.25 .._. 

6-8-1 0-12-1 6-1 8-20-24-36-40-48-60o 
CAN BE OBTAINED FROM THE ABOVE RANGE 

7  19-25-33-40-50v  10  £27.50  £2.00' 
8  19-25-33-40-50v  6  £16.50  £1.75 
9  1 9-25-33-4 0-50v  3  £6.25  £1.25 
10  1 9-25-33-40- 50v  2  £7.75  £1 .25 

5-7-8-10-1 3-15-1 7-2p-25-30-40-50v 
OR 25-0-25v OR 20-0-20v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

.  . 
11  . 12-15-20-25.30v  10  £111.50  £1.75 
12  12-1 5-20-25-30v  5  £10.50  £1.50 
13  12-1 5-20-25-30v  2  te!,55  El .25 

3-4-5-6-8-9-1 0-12-1 5-18-20-24-30v 
OR 12-0-1 2v OR 1 5-0-1 5v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

„ 
14  12-24v  12v 61W. 24v 30A  £35.50  £3.50 - 
15  12-24v  1 2v 30A, 24v 15A  £18.50  £2.0 0 
16  12-24v  12v 20A, 24v 10A £15.25  £2.00 
•17  12-24v  12e 10A, 24v 5A  £8.75 
18  12-24v  12v 4A, 24v 2A ' £4.25  £1.50 £.1.25 

DC WKG BLOCK CAPACITORS 
8 MFD 600V DC WKG £2, P&P 35p. 4 MFD 
350V DC WKG 75p, 6 MFD 350V DC WKG El, 
8P OEOP 3  MFD 600V DC WKG 50p, 1,61ED 
V DC P ,2 M  WKG. 0p 
Please add 20p per cap postage. 

.  . 
IT CHOKES 

Potted types 100 M/H 2A £4.50, P&P £2. 130 
M/H 1.15A £2.50, P&P £1.50. Open types 4.2 
M/H 10A £3.95, P&P £1.75, 2+2 M/H 12.4 
£4.50, P&P £2, 50 M/H 4.4A £4.50, P&P £2. 
Other types up to 40 amps available. Let us 
know your requirements, 

• 
PARMEKO OUTPUT TRANSFORMERS 

10 watts, PHI 80000 ct. Sec. 4-8-160 for 2 EL84 
valves, Atlantic potted series £4.95. P&P 

£1.50.  Fernell  multi-to pped  O p Transformers,  
PiPe MRT/3 7 watts max. DC60 M/A 2/311 7,511 
1511 . Data sheet supplied £2.25, P&P 75p. 

PARMEKO HT CHOKES 
Potted types 151-I 250 M/A £4.50. P&P £2. 10H 
180 M/A £3.75, P&P £2. 10H 120 M/A £3, p&p 
£1.50. 50H 50 M/A f1.50, P&P £1. 15H 75 M/A 
£1.50, P&P £1. 50H 25 M/A £1.50, P&P £1. 
Swinging type, 5H 40 M/A-4H 250 M/A f3.75, 
PEP E150. C-Core type 20H 180 M/A £3.75, 
P&P £2. Open types 25H 60 M/A £2, P&P £1. 
25H 25 M/A £1.50. 180H 24 M/A £4, P&P £2. 

HIGH GRADE TRICKLE CHARGERS 

. In put 240v  AC,  Out put  12v  DC  2 Am ps. Wit h 
mains lead. Red and black battery leads with 
attached clips. Completely fused. Housed in 
wall mounting, steel case site 6 x 43/4 x 4in. 
£4.50. PP £1.50 plus VAT. Total £6.90. 

HEAVY DUTY LT C CORE 
TRANSFORMERS 

PRI 110-220-240V sec. 12V 40A £22.50. 
Carr. £4. PRI 110-220-240V secs 14V 3V 
11/2  1V, Separate windings 40A each, 14-
15-151/2-17-18-181/2-19-191/2 V at 40Af25. 
Carr. £4. PRI 220-240V sec. 140V CT (70- 
0-70V) 10A size 7 x 7 x 7ins, top panel 
connections £29.50. Carr. £5. 

We are open all day Saturday. Hundreds 
of bargains for  callers.  Stockist of 
Switches Relays Caps Resistors etc. " ,  • 
Please remember to add 15% VAT to all 
Mail Orders. 

I/ 

WODEN HIGH POWERED AMP 
TRANSFORMERS 

Pri. 24v se, tapped 30-0-30v, 35-0-35v, 55-0-
55v 10 Amp. Open frame type Top panel 
terminal connections with fitted fuse. £29.00 
inc. VAT and carr. HEAVY DUTY ISOLATION TRANSFORMERS 

240-240V ex-computer equipment. Large 
selection available 10-15 amps. Fraction of 
maker price. Telephone for further details. 

AEI 20 AMP CONTACTORS 
BRAND NEW BOXED 

FRACTION OF MAKER'S PRICE 
Type'  Coil  Contacts  Price 

voltage 
0652  415VAC  3M 18  £1.50 
0655  415VAC  4M  £1.50 
0648  110VAC  4M 48  £1.50 
0650  110VAC  6M 28  £1.50 
0653  110VAC  4M  £125 
0654  110VAC  2M 28  £1.25 
0651  3M 18  £1.25 
0649  42VAC  6M  28  £1.50  

0647  42VAC  4M 48  £1.50 
P&P 25p  kg 

• 
KEYBOARDS 

ASCII Coded Mini Keyboard, alphanu-
meric, upper case only. Size 9" x 6.5" 
circuit board. Thickness, touch sensitive 
key. A must for anyone building or 
modifying home computers. Very good 
value. £16 + carr 50p + VAT. Supplied 
with diagram. 

HEAVY DUTY MULTRAPPED 
TRANSFORMERS 

Ex-computer equipment. Top panel connec- 
lions, PRI 220-240V, secs. 36V 21A. 19,5V 23A, 
47,5V 5A, 31.75V 9A, 19.5V 13A, 47.5V 5A, 36V 
40, 11.5V 12A, 36V 1A seven times. All 
se para te w indings,  £35 carr.  £4. 

HEAVY DUTY OP TRANSFORMERS 
Type 0728EL 100 watts, 3.750, 7.50, 150 1.75K CT, 4 .EL34 
2x25 m/a dc max. £15.50, P&P £1.25. Type 0729EL 50 wa tts, 
3350, 150,3.5K CT, rated 2x125 m/a dc max £8.95, P&P £1. 

'  TAPE PLAYERS 
Decca Portable Tape Players. Battery/mains. 
Integral condenser mike. All have slight faults 
which can be repaired, hence price £5.95 + 
carr.  75p.  

- 

HEAVY DUTY C CORE LT 
TRANSFORMERS 

PHI 220-240V sec.  18V 27A,  40V  10A, 40V 4A, 
25V 4A, 52V 1A. All separate windings, £27.50. 
Carr. £5. 

AUTO STEPDOWN TRANSFORMERS 
FOR AMERICAN EQUIPMENT 

240/110 Volts. 80-2250 watts. Regular stock line. Types 80- 
1500 watts are fully shrouded. Fitted with American two or 
three pin socket outlets and 3 core 240V mains lead. Types 
1750 and 2250 watts are steel cased with two American 
socket outlets. Neon indicator, three core mains lead and 
carrying handle. Send SAE for price list and further details. 
American sockets, plugs, adaptors also available. 

HEAVY DUTY HT TRANSFORMERS 
PR I 220-249V sec. tapped 150-168V. Conserve- 
lively rated at 3 amps, top panel connections, 

P&P £2, f4.95,   
C Core PRI 220-240V, sec. 250-0-250V f T.50 
P&P £2. 60 M/A 2.8-0-2.8V 28A, 5V 2A, 6.3V 

24V 3A £7.50, P&P £2. 

... , 
POWER SUPPLIES  . 

We have a large selection of Power Supplies 
covering a broad range of outputs. Ring 262-
5125 for details. PARMEKO CASED TRANSFORMERS 

PHI 240V ec s. 50V CTE 250 watts conserve-
tively rated. Fitted mans on/off switch  i  /  ith £10 3A, 
Carr. £3. 
P 240V sec,.  25V 60VA, fitted output sockets, 
rvains on/off switch and fuse. £6.50..P&P £2. 
PR I 240V  sec.  12V  50VA,  fitted  input  and  out-  
put sockets. On/off switch and fuse, £7.50. 
P&P £2, Above  trans formers  are  designed  for  
low voltage lighting . Supplied bran d new  at a 
fract ion  of maker's price. 

VU METERS 
Lovely Meters! Finished in attractive grey 
'plastic. Illuminated scale. Size 41/4" x 3,,X". 
Special price £4.50 + 50p carr. GARDNERS UNIVERSAL IT TRANSFORMERS 

Open frame top panel connections. PRI 120-240v secs  1v 
twice, 3v twice, 9v twice, separate windings, all at 6.4 am ps. 
Conservatively rated. The following voltages can he obtaine d 
1-13v, in steps of one volt twice and 1-0-1v-13 0-13v in one 
volt steps, arid 1-13v 12.8A £9.75 P&P £2 

. AP  
MONITORS 

14" Monochrome Monitors, suitable for 
use with home computers video input. 
Bargain  price  £39  _, cart.  £6  '. 

Also Monitor Chassis complete with 
tube £25  VAT. .  +  Callers only, 

.e., 

HEAVY DUTY 240V DC CONTACTORS 
Single pole make 100 amp contact £2.50, P&P  
£1. Two pole make 10 amp contacts and 2 
pole make 5-amp contact Et75, P&P 75P. 

W W - 062 FOR F URT HER D E TAILS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards 
entering the reference number(s). 

Your enquiries will be passed on to 
the manufacturers concerned and 
you can expect to hear from them 

direct in due course. Cards posted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 

publication. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 

have your own copy ? 

To start a one year's subscription 

you may apply direct to us by 
using the card at the bottom of 

this page. You may also apply to 
the agent nearest to you, their 

address is shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia : Gordon & 
GotCh (Australasia) Ltd, 
350 Lonsdale Street, 
Melbourne 3000, Victoria 

Belgiu m: Agence et 
Messageries de la Presse, 
1 Rue de la Petite-16E 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West, Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 131 Pro-
dromou Street, P.O. Box 
4528, Nicosia 

Den mark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk.1103 Kobenhavn, 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
31640 Vantaa 64, Finland. 

France: Da wson-France 
S.A., B.P.40, F-91121, 
Palaiseau 

Ger many: W. E. Saarbach 
GmbH, 5 Koln 1, 
Follerstrasse 2 

Greece: Hellenic 
Distribution Agency, 
P.O. Box 315,245 
Syngrou Avenue, 
Nea Smyrni, Greece. 

Holland: Van Ditmar N.V., 
3ostelijke Handelskade 11, 
Amsterdam 1004 

India: International Book 
House, Indian Mercantile 
Mansion Eut, 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.s.s. Via Veracini 9, 
20124 Milano 

Japan Western Publica-
tions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku-Ku, 
Tokyo 160 

Lebanon: Levant Distri-
buatnosrsa Cs ol d. g  

, P.BOee.ii rut 
x 1181, 

Makdesi Street, Halim 
H   

Malaysia: Times 
Distributors Sdn, Bhd., 
Times House, 
390 Kim Seng Road, 
Singapore 9, Malaysia. 

Malta: W. H. Smith 
Continental Ltd, 
18a Scots Street, Valleta 

Ne w Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
102 Adelaide Road, 
Wellington 2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Nor way: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2, Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.1 
Apartado 37, Amadora 

South Africa: Central 
News Agency Ltd, P.O. 
Box 1033, Johannesburg 

Spain: Comercial 
Atheneum s.a. Consejo de 
Clent0,130-136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Pack S-104, 
25 Stockholm 30 

S witzerland: Naville & 
Cie SA, Rue Leaner 5-7, 
CH-1211 Geneve 1 
Schmidt Agence AG, 
Savogelstrasse 34, 
4002 Basle 

U.S.A.: John Barios, 
IPC Business Press, 
205 East 42nd Street, 
New York, NY. 10017 

Postage 
will be 
paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydon 
Surrey CR2 9PS 

Enquiry Service for Professional 
Readers 

WW . . 

WW . . 

WW . . 

WW . . 

WW . . 

WW . . 

WW . . 

WW . . 

WW 

WW 

WW 

WW 

WW 

WW 

WW. 

WW. 

WW. 

WW. 

WW. 

WW. 

WW. 

WW. 

WW. 

WW 

WW 

WW 

WW 

WW 

WW 

auCUT HERE im Miles re 

WIRELESS WORLD Wireless World,.August 1981 WW 168 

Please arrange for m e to receive further details of the products listed, 

the appropriate reference nu mbers of which have been entered in the 

space provided. 

Na me   

Na me of Co mpany   

Address   

Telephone Nu mber   
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To become a subscriber to Wireless World 
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Oakfield House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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Do not affix Postage Stamps if posted in 
Gt Britain, Channel Islands, N Ireland 
or the Isle of Man 

BUSINESS REPLY SERVICE 
Licence No 12045 

WIRELESS WORLD 
Reader Enquiry Service 
429 Brighton Road 
South Croydon 
Surrey CR2 9PS 
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Wireless World  Subscription Order Form Wireless World, August 1981 WW 168 

UK subscription rates 

1 year:  £10.00 

Overseas  1 year:  £13.00 

USA & Canada subscription rates 

1 year:  $33.80 

Please enter my subscription to Wireless World for 1 year 

I enclose remittance value   made payable to 

IPC BUSINESS PRESS Ltd. 

Name   

Address ,   

BEFORE 

AFTER! 

I PUT A SMILE BACK ON 
1, YOUR OLD AVOMETER! 

•  Send it now for estimate, 

repair or recalibration 

Quick turn round 
on estimates/repairs 

Large stocks of new 

AVOMETERS 

Aye Sales and Service 

I 
I Fame!! International Instruments Ltd., 

Sandbeck Way , Wetherby 

West Yorkshire LS22 4DH 

ITel 0937 63541 Telex 557294 Fari 

Farnell 
International 
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SCOPE X 114D-10 V Vital for Video 

The 14 D -10 V is a dual trace 10 MHz 
Dscilloscope with active TV sync separator 
Dind line selector specifically designed for 
the servicing and alignment of video 
:assette and disc recorders, colour 
television and video games. 

• Active TV sync separator. 
• 10 cm x 8cm .display. 
• Add and invert facility 
• Probe compensation. 
• Line selector 
• 2rnV sensitivity on both channels 
• Push button X -Y. 
• Complete with probes. 

At a price of £290 00+VAT. 
Carriage paid UK mainland. 
Ensures continued British leadership 
in the low cost high performance 
oscilloscope market. 

%./ÈOPEX 
Pixmore Avenue, Letchworth, 
Herts SG6 11.1. Tel (04626) 72771. 

BARCLAYCARD f 

VISA 

I wish to pay by Barclaycard/Trust Card. 
Flease charge to my account. 
My Barclaycard/Trust Cord No. is 

Mig An Independent British Company NM 

;t G 
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01 -994 6275  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 1A. £15 ea. 
COUTANT 0A2: Op. amp, psu, 120/240V IP. Dual Op. 12-15v 
at 100mA. (138 x 80 x 45mm). £12 ea. or 2 for £22. 

BRANDENBURG Photomultiplier PSU. 19in. rack mounting. 
Metered, current limit protection. 
374,374R 300V-1KV at 5mA. 
375 500V-1K5V at 6mA. 
376 660V-1K6V at 10mA. 
Model 374R has reversible polarity op. All others have nega-
tive polarity op. 
All models £40. 
Some photo multiplier tubes available. 
COUTANT ESM3: 105/115/220/240V IP. Four separate ops: 
5V at 3A stabilised with current limit, overvoltage crowbar 
protection and remote sensing. 
±12 to ± 15V at 500mA stabilised. 
12 or 24V unstabilised. (125 x 80 x 275mm). £30. 
SPECIAL OFFER. 10MFD 500v ECC 20p ea., 10,000 MFD 16v 
Mullard 35p ea., 3,300 MFD 40v Mullard 35p ea. 10µF/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, 1n 1KV, 2n2 2KV, 10n 2KV. 
220p 1KV, 1n5 3KV, 4n7 1K5V. 
Please send for our ceramic capacitor lists. 

PYE HEAD CLEANING CAS-
SETTES.  Brand  new  or 
boxed, 50pea. 
CASSETTE DECKS: With ste-
reo heads, mechanically-
complete, but with no 
electronics. Smart black 
modern finish.  £5.00 
We  have  VERY  LARGE 
QUANTITIES  available 
0.14/16v 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 
KEYS WITCHES 

2P 12A 600V AC  £1.50 
8P 10A 380V AC  £3.00 
10P 12A 600V AC  £3.00 
49mm  Fascia. 
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 
14 PIN  10p 
16 PIN  11p 
18 PIN  16p 
20 PIN  18p 
22 PIN  22p 
24 PIN  22p 
28 PIN  26p 
40 PIN  30p 
CANNON 15w sockets, D 
type or Souvrian/McMurdo 
Daiss 60p ea. Also Cannon 
9w plug, brand new, 60p ea. 

WELWYN STRAIN GAUGE. 
(Precision Micro-Mea-
surements). Romulus Miche-
gan type MA-09-50064-350. 
Our price £1.25 ea. List price 
£3.85. Large quantities avail-
able. 
3/4 15 Turn Cermet Trimpot 
100kir. 1 off price, 20p. By 
Beckman & A.B. 

REDPOINT HEATSINK, Type 
TV4 15p ea. 1 off price. 
Discount on quantity. 
We have the following Wel-
wyn. 1% 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-way type P95/3DS, 10p ea. 
ITT TEMPKIT Electronic ther-
mostat ZBI.5669. Brand new. 
£4 ea. 
4-WAY DPDT AND 5-WAY 
DPDT DIL SWITCHES, by 
ERG Components and CTS. 
Gold contacts 80p ea. Brand 
new and boxed. 

BUZZERS, 6v and 12v, 50p 
ea. 
WIRE ENDED NEONS 
£20/£1,000. 
'SPECIAL OFFER. Mini-toggle 
switch by C. & K., 3 Pc/o. 
Long dolly or short, 50p 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 time: 2V step 70nS typ. 
2MV step 50nS colour television transmission standard. Diff. 
gain 0.5% diff. phase shift 0.5° types rad 802 and MC2208/8. 
Unused. Ex-maker's pack. 

SPECIAL OFFER PRICE: £20 
TRANSFORMERS:  ALUMINIUM BOXES: 

5-0-5V 400mA  £1.25  AB7 134x64x38mm  70p 
6-0-6V 100mA  £1.25  AB8 102x102x38mm  70p 
8-0-8V 400mA  £1.25  AB9 102x57x38mm  70p 
9-0-9V 3A  £3.00  AB10 102x133x38mm  70p 
11V 2A, 22V1A  £2.00  AB11 102x64x51mm  85p 
12V 130MA  80p  AB12 76x51x25mm  70p 
12V 1A5  £1.25  AB13 152x102x51mm £1.00 
0-12, 0-12 96VA  £8.00  AB14 178x127x51mm £1.20 
15V 100mA  £1.00  AB15 203x152x76mm £1.55 
17V 300mA  £1.50  AB16 254x179x76mm £1.75 
20-0-20 400mA  £1.80  AB17 254x114x76mm £1.45 
22-0-22 50mA  £1.00  AB18 305x127x76mm £1.75 
24V 100mA  £1.00  AB19 305x203x76mm £2.40 
24V 250mA  £1.50 
30V 250mA  £1.50 
30-25-0-25-30, 1A6  £6.00 
0-2-4-6-8-10 5A  £6.00 
RESISTORS: Over 2 million 
in stock at last count. 
CARBON FILM 1/4W  5% E12 
range 1R0-12M. 
2p ea. £1/100, £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-way, 
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 Ma 0.1% metal film 
resistors  20p ea. 
CERMET PRESETS  15p ea. 
10A 250V AC ILLUMINATED 

ROCKER SWITCH 
Red, DP ST 26x3Omm rect. 
Snap-in type  75p 

16A 250V AC ILLUMINATED 
ROCKER SWITCH 

(Amber). 14x3Omm rectang-
ular snap-in type. SPST 30p 

BLUE REXINE COVERED 
ALUMINIUM BOXES 

RB1 152x114x64mm  £1.45 
RB2 203x127x76mm  £1.70 
RB3 229x127x89mm  £1.80 
RB4 279x152x102mm £240 
RB5 279x190x114mm £2.70 

BLACK PLASTIC B 
75x50x25mm 
80x60x4Omm 
90x70x4Omm 
115x75x3Omm 
110x90x45mm 
170x100x5Omm 
200x120x8Omm 

OXES 
65p 
92p 
99p 
90p 
£1.18 
£1.65 
£3.55 

LICON ILLUMINATED 
SWITCHES 

01-800 Rectangular Snap-in 
Series. 
2PCO Latching  £1.50 
2PCO Momentary  £1.50 
Indicator only  50p 
Lenses available in red or 
white only. 

MINIATURE PUSH-BUTTON 
SWITCHES 

PTM 20p, PTB 25p, PT M/B 
40p. 

HEAVY DUTY ROTARY 
SWITCHES 

9P3W 25A 500V AC  £3.00 
18P6W 25A 500V AC  £3.00 
18P6W 40A 600V AC  £3.00 

STEREO RECORD/REPLAY 
CASSETTE HEADS  £1.00 

WIREWOUND POTS 
IRO-100K by A.B., Colvern, 
etc. 11/2W 40p, 3W 60p, 5W 
80p. 

TRIM POTS 
10R-500K 10/20 turn. 11/4 in. 
or 3/4in. rectangular 60p ea. 
JEAN RENAULD SWITCH 

BANKS 
Many types available, e.g.: 
4x2PCO  40p 
6x2PCO  60p 
5x2 PCO + 2x4 PCO  70p 

VU METERS 
40 x 30 x 23 m m deep. 
White/red scale on black 
background. Brand new. 

60p 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. 17479) 

RHODE & SCHWARZ 
Selective UHF V/ Meter. Bands 4 & 5. USVF 
Selectomat Voltmeter USVVV £450. 
UHF Sig. Gen. type SDR 0.3-1 GHz £750. 
UHF Signal Generator SCH £175. 
XUD Decade Synthesizer & Exciter. 
POLYSKOPS SVVOB I and II. 
Modulator/Demodulator BN 1 7 9 50/ 2. 
UHF Sig. Gen. type SCR. 1-1.9GHz. 

P. F. RAVE ELECTRONICS 
10 CHAPEL STREÉT, LONDON, NW1 

TEL: 01-723 8753 

MARCONI 
TF9956/2 AM/FM Signal Generator. 
TF2 500 Audio power Meter 
TF1 101 RC oscillators £65. 
6551 SAUNDERS. 1 400-1 700MHz. FM. 
TF106 613/1. 10-470MHz. AM/FM. 
TF1 1 5 2A/ 1. Power meter. 25 W. 500M Hz 
£50. 
TF1 3 70A RC Oscillator £135. 
TF7 91D Carrier Deviation Meter. 

BECKMAN TURNS COUNTER DIALS 
Miniature type (2 2mm diam.). Counting up to 
15 turn "Helipots." Brand new with mounting 
instructions. Only £2.50 each. 

PRINTED CIRCUIT MOTORS 
'Printed Motors Ltd. type G 1 6 M4. 60V DC. 5.5 
amps. Continuous torque 140oz. in. 2350 rpm. 
Diameter 7.5". Depth 2.5". Shaft diem. 1/2  & 
3/4 ". Price from Printed Motors is now over 
£1 50 ea. Supplied in good, used condition, 
tested & guaranteed £25 each (postage £3). 

AUDIO & RF SIGNAL GENERATORS 
ADVANCE types H1, Hl E, C2, SG 6 213, J4A. 
TAYLOR 62A (AM/FM) AVO HF1 34. 
-AIRMEC 352 Sweep Generator. 

7sf. 
to'  (es es4,-

RANK KALEE 1742 Wow & Flutter Meter. 
AIRMEC 314A Voltmeter. 300mV (FSD)-300V. 
AIRMEC Wave Analysers types 853 & 248A. 
DERRITRON 1KW Power Amplifier with control equipment 
for vibration testing, etc. 
HEWLETT-PACKARD 85518/851B Spectrum Analyser. 
10Mhz-40GHz. 
HEWLETT-PACKARD tuned amp & null detector. 
'HEWLETT-PACKARD 331A Distortion Meter 
RADIOMETER Distortion Meter BKF6 £125. 

*RADIO & TELEVISION TEST EQUIPMENT 
TEXSCAN VS-6013 0-1000MHZ Sweep Generators 
.TEXSCAN DU-88 X-Y Display scopes 
'TELONIC 2003 Sweep Generator System 0-1000MHz 
TELONIC 101 X-Y Display scopes 
TELONIC 1204 0-500MHz sweep generator 
TELONIC 121 display scopes 
UNAOHM EP685A PAL Colour Generator, Video/RF 
KORTING Colour TV Service gen. VHF/UHF, PAL/NTSC 
LABGEAR UHF/VHF Pal Colour generator. 
'LABGEAR UHF Monochrome C.H. & dot patterns. 
PHILIPS FM Stereo signal generators PM6456 
-FERROGRAPH RTS2 Recorder Test Set 

£250 , 
£95 

.£259 
£75 
£150 
£95 
£295 
£295 

£45 
£200 
£275 

OSCILLOSCOPES 
HEWLETT-PACKARD 180A 75MHz 
TELEQUIPMENT DM64 Storage 10MHz 
TEKTRONIX T932A 35MHz Dual-Beam 
GOULD/ADVANCE 053000A 
HEWLETT-PACKARD 122A Audio S.B. 

£450 
£475 
£550 
£550 
£145 

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 lA and 0.4A respecti-
vely. Dimensions 9x4x5ins. £10 + (£1 p.p.) 
*FARNELL Current limited. Dimensions 7x5x4ins. 
Following types available: 13-17 Volts @ 2A £15. 
27-32 Volts @ 1A 5V £15. 5V @ 3A £15. (pp £1.50). 

SPECIAL PURCHASE 
LAMBDA POWER SUPPLIES 

Excellent LXS Series DC power units at less than a 
tenth of new price. The snag? - they're all 110V AC 
Input. Prices as follows: 
5V at 24A. LXS D5 OV R. £25. (List £350). 
15V at 12A. LXS D15 R. £20. (£3391. 
5V at 14A. LXS CC 5 OV. £20. (£258). 
24V at 3.1A. LCS C 24. £15. (£223). 

Carriage each £2.50 extra 

MODULATION METERS 
AIRMEC 210 3-300MHz. AM/FM. £125 
RADIOMETER AFM/1 3.5-320MHz. AM/FM. £145 
RACAL 409 3-600MHz. AM/FM. 

4( 
4( 
4( 

ROTRON INSTRUMENT 
COOLING FANS 

Supplied in excellent condition, fully 
tested: 
1 1 5V, 4.5 X 4.5 X 1.5" £4.50. 230v 
£5. 1 1 5V, 3 x 3 X 1.5" £4 + postage 

Ir ea. 35p. 

i* 
i* 

l* 

CT2 1 2 RF Signal Generators. 85 KHz-3 2MHz • 
£55. 

*  BELL & HOWELL MICROFICHE 
VIEWERS 

*  Type SR5. Screen size 9 x 5in. New condi-  * 
•  lion, £50. 

20- WAY JACK SOCKET STRIPS. 3 pole' 
type with two normally closed contacts £2.50 
each (+ 2 5p pp). Type 316 three pole plugs for 
above - 20p ea. (pp free). 

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 MM 200. DC 
V 0-1 KV. AC V 0-700. DC 1.0-1A. AC 1.0-1A. 
Each in 4 ranges. Resistance 0-1 9.9 9 Mohms. 
5 ranges. LED Display 1 9 9 9. 
BRAND NE W. SPECIAL REDUCED PRICE OF 

£30, INCLUDING VAT & P.P. 
 salb 

TYPE "Es SECONDARY RMS 
Volts Current PRICE 

30vA 
70  30m, 
0.45 Kg 

Regulation 
18°, 

IX010 
10011 
1X012 
1%013 
1%014 
1X015 
1X016 
17017 

6 - 6 
9 - 9 
12 - 12 
15 - 15 
18 - 18 
22 - 22 
25 - 25 
30 - 30 

250 
1 66 
1 25 
1 00 
083 
068 
060 
050 

£4,48 
- 0.8ip P 
- 0 80p VAT 

50VA 
80 • 35n1n7 
0.9 Kg 

Regulation 
13., 

2X0I0 
2X011 
2X012 
2X0I3 
2X014 
2)015 
2X016 
27017 
2X028 
2X029 
2%030 

6 - 6 
9 - 9 
12 - 12 
15 - 15 
18 - 18 
22 - 22 
25 - 25 
30 • 30 
110 
220 
240 

416 
2 77 
208 
1 66 
1 38 
1 13 
I 00 
083 
045 
022 
020 

664 
444 
333 
266 
222 
1 81 
1 60 
1 33 
072 
036 
033 

£4.93 
11 ;OP P 

- 0 90p VAT 

8 0V A 
90 • 3Onvn 

1 Kg 

Regulation 

3)0)10 
3XOIl 
3%012 
3%013 
3%014 
3%015 
3%016 
3X017 
3X028 
3%029 
3X030 

6 - 6 
9 - 9 
12 - 12 
15 - 15 
18 - 18 
22 • 22 
25 - 25 
30 - 30 
110 
220 
240 

6 - 6 
9 - 9 
12 - 12 
15 - 15 
18 • 18 
22 - 22 
25 - 25 
30 - 30 
35 • 35 
110 
220 
240 

£5.41 
11 43P P 

- 11 04 VAT 

1 2 0VA 
90  40nur, 
1.2 Kg 

45016 
47011 
'47012 
4X0 13 
4%014 
47015 
47016 
4X017 

Regullaattiioonn   4X0113  
4X019 
17029 
4X030 

10 00 
666 
5 00 
400 
333 
272 
2 40 
200 
I 71 
I 09 
054 
050 

£6.38 
C1.4 3P P 

- F1.17 VAT 

1 6 0V A 
/ 70  40nun 

1.8 Kg 

Regulation 

8°. 

5X011 
5X012 
57013 
50014 
5X015 
5%016 
5X017 
5X018 
5%026 
54028 
5X029 
55030 

9.9 
12 - 12 
15 - 15 
16 - 18 
22 - 22 
25 - 25 
30 - 30 
35 - 35 
40 - 40 
110 
220 
240 

889 
666 
533 
444 
353 
320 
266 
228 
200 
I 45 
0 72 
066 

£8,44 
- f 1.43P P 
81.48 VAT 

Also available at Electrovalve, Maplins, Marshalls, 
Technomatic and Watford. 

IF' TRANSFORMERS 

011 IL IF TRANSFORMERS 
INCREASED PRODUCTION CAPACITY BRINGS LOWER PRICES 

TYPE SERIESis  SE CONDARYlts une RnMiS 
PRICE 

fiX012 12 - 12 938 
fiX013 15 - 15 7.50 

- ' 6 225vA  6X0I4 
6X015 

18 -- 18 
22 - 22 

25 
5.11 , 

1/0 , 45v,,,, 
2.2 Kg. 

6%016 
67017 

25 - 25 
30 - 30 

4.50 
3 75 

f l 006 
67018 35 - 35 

, 
- 321 " El  73. " 

Regulation 
7.0 6X025 fiX025 

40 - 40 
45 - 45 

2.01  

250 

- f1 77 VAT 

67028 110 2.04 
67029 220 1 02 
67030 240 093 

77014 18 - 18 833 
7X015 22 - 22 682 
7X016 25 - 25 600 

300vA 
110  , 500,,,,  

K(7. 

7%017 
71x1 2168 

30 - 30 
4305 -. 3450 

500 

3428 13  £11.66 
2.6 7%025 45 - 45 333 : it:21:071/ 7T 

eF 4gulation 
7%033 50 - 50 300 
7)(020 110 2.72 
77029 
77030 

220 
240 

1 36 
1 25 

8X017 30 - 30 833 

500vA 88XX002fi 4315) : 4350 67 215' 
140 . 6017701 8X025 45 - 45 5.55 £15.53 

4 Kg. 87033 50 - 50 500 . 8'2.05 P•P 
87042 55 - 55 454 • 92,64 VAT 

Regulation 8X028 110 454 
4., 87029 220 2.27 

87030 240 208 

97017 30 - 30 10 41 

625vA 
140 . 75,, 

90018 
9X026 
97025 

35 - 35 
40 - ao 
45 - 45 

892 

"I  694 £21,54 
5.0 Kg. 9)(033 50 • 50 625 • 82,20 P P 

9X042 55 - 55 568 • 6.3.56 VAT 
Regulation 9X028 110 568 
e. 9%029 220 284 

9%030 240 160 

MPORTANT, Regulator references  All voltages quoted are FULL 
LOAD. Please erld regulation figure to secondary voltage to obtain off 
load voltage 

FREEPOST TS, GRAHA M BELL HOUSE. ROPER CLOSE. CANTERBURY. CT2 7EP 
Phone (02271 54778 "technical (0227) 64723 Telex 965 780 

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 
I.L.P. Toroidal Transformers are available in choice of 110V, 220V, 
240V, coded as follows: (Secondaries can be connected in series 
or parallel). 
For 110V 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: 50VA 240V 6+6V 6.16A =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 U.K. order. To 
pay C.O.D. add £1 extra to TOTAL value of order. 

To: I.L.P. ELECTRC.NICS LTD. CANTERBURY CT2 7EP 

Please supply Transformer(s)  No(s)   

  Total purchase price £   

I enclose Cheque U postal Orders UlnternationalMoney Order LI 
Debit my Access/Barclaycard Account No   

NAME   

ADDRESS   

Signature 

W W - 068 FOR FURTHER DETAILS 

www.ameiicanra iohistoi 

W W052- FOR FURTHER DETAILS 
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TEK ELSLEOF SCOPES  
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 

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 cooling 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 the42213, 
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 send me details of the 
2213 E 2215 E 

Name 

Position 

Company 

Address 

Telephone 

WW 
Publicity Dept., 
Tektronix UK Limited, PO Box 69, 
Coldharbour Lane, Harpenden, 
Herts AL5 4UP. 
Tel: Harpenden 63141 

eMIctronixo 
COMMITTED TO EXCELLENCE 

WW-070 FOR FURTHER DETAILS 

Appointments 
Advertisements accepted' 
up to 12 noon Monday, 
August 3 for September 
issue, subject to space 
being available. 

DISPLAYED 
advertisements (run on): £2.50 per line, minimum 5 lines. (Prepayable). 

DISPLAYED APPOINT MENTS VACANT: £3.50 per single col.  (min. 3cm). 

PHONE: OPHELIA SMITH, 01-661 3033 (DIRECT LINE) 

BOX NU MBERS: £1.50 extra. (Replies should be addressed to the Box Number in the 
L 

advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM25AS.) 

Cheques and Postal Orders payable to ¡PC Business Press Ltd. 

Electronics 
R&D 

Join us in the forefront 
of technology 

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. W W881), 
H M Government Communications Centre, 
Hanslope Park, Milton Keynes MK19 7BH 

(1232) 

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 
equipment used  throughout the hospital with particular 
emphasis on patient care and monitoring in the intensive 
care unit and the opetating 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) 

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 to man survey 
vessels using the latest instrumentation for pipeline and rig site 
surveys including digital seismic equipment. 

A knowledge of marine computers and data acquisition systems 
would be advantageous. 

Engineers appointed must be capable of planning and control-
ling installations and day-to-day operations at sea. 

Please write to: 
Mr. G. T. Harman (Personnel Manager) 
Hunting Surveys and Consultants Limited 
Elstree Way, Borehamwood 
Herts WD6 1SB 

.t 

1.180 44, 
(1233) 

.'-anrkdrohis‘.. 
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Senior Engineer/ 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. W W/608cc) 
This Unit operates comprehensive teçhnical 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, and 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. W W/610cc) 
This Unit helps to monitor and control the technical quality of both the ITV 
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 and,television 
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. 

IBA  
INDEPENDENT 

BROADCASTING 

AUTHORITY 

,...T...h,ese 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 produces a range of colour pro-
grammes of broadcast quality which are supplied to 
schools 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. 

The Vision Engineer will be expected to have practical 
experience of television studio lighting for all types of 
programmes: duties include control and matching of the 
cameras and a Rank Cintel Telecine. 

Applicants must possess suitable technical qualifica-
tions, and have a good working knowledge of all the 
equipment involved. 

The salary scale (ST3) D3,304-E8,916 

Application forms and further details available from: The 
Education Officer (EO/Estab. 1C), Room 365, County Hall, 
London SE1. Telephone: 01-633 7456 

(12121 

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-
thovoltage 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. 
Application form and job descrip-
tion available from Miss E. M. 
Bewley, Group Personnel Officer, 
Royal Marsden Hospital. Tel: 01-
352 8171 Ext. 446.  11231) 

APPOINTMENTS 
IN 

ELECTRONICS 
to £I5,000 

MICROPROCESSORS 
COMPUTERS - MEDICAL 
DATA COMMS - RADIO 

Design, test, field and 
support engineers- -for 
immediate  action  on 
salary and career advance-
ment, please contact: 

T̀échnomark, 
Engoneenng and TechnIral Recruitment 

11, Westbourne Grove 
London W2.01-229 939 (9257) 

WE ARE A LEADING FIRM OF 
PATENT AGENTS in private prac-
tice in London and have 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 viewpoint, 
and who possibly has an aversion 
to specialisation and/or research. 
Industrial experience is not !woes. 
sary. Apply Box No. WW 1213. 

A.T.E. 
ENGINEERS 
CAMBRIDGESHIRE 
£6K-9K' 

Several opportunities at various levels with our client 
- a prime manufacturer of computer-based systems. 
Experience gained with Membrain - Terradyne or 
similar ATE systems/software and a good 
-Digital/Analogue circuit knowledge would bring 
rewarding career development prospects. 
Please contact: Mike Gernat quoting reference: 

236A. Tel: 076-384 676. 

ELECTRONIC COMPUTER ANO MAIMMEMENT APPOINTMENTS UNITED 
148-150 High St.. Barkway. Royston Herts SOB REG. 11227) 
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URGENTLY REQUIRED 
TRANSMITTER ENGINEERS 

SHORT WAVE, MEDIU M W AVE 
LO W & HIGH PO WER 

We have several vacancies for U.K. based installation engineers for overseas projects in 

AFRICA and the FAR EAST 
with periods at manufacturing plants in the 

U. S. A 

For further information please telephone TONY OVVERS 

Would previous applicants please reconfirm their interest 

PERSONNEL 81 ELECTRONICS LTD. 

Triumph House, 1096 Uxbridge Road, HAYES, Middlesex U B4 8QH 
Tel: 01-573 8333. Telex: 934271 

nDolby 
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 proprietory and in-house designed equipment. 

We require a graduate engineer with appropriate 
supervisory experience to take charge of the Test depart-
ment. 

Responsibilities, in addition to direct supervision, include 
co-ordination with the Sales Department, recruitment 
and training 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. 01-720 1111 
(1236) 

(1222) 

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 
advançement are excellent. 

Please apply in writing, giving details of 
qualifications and experience, to:— 

twaeiton-lone-Thmames,sourrety ive uk ltd 
Riverdene Industrial Estate, Molesey Road, Hersham, 

Telephone Walton-on-Thames (09322) 47511 

www.americanradiohistorv.com 
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Instrumentation 
Engineer 

Taylor Woodrow Research Laboratories, based in Southall, Middlesex, 
carry out a wide variety of civil and structural engineering test work which 
requires instrumentation in various forms. 

To strengthen our capabilities in this field we are setting up an Instru-
mentation Group to be responsible for this activity within the Laboratory, 
and we are seeking an experienced Engineer to head up the Group, which 
will undertake the following: 

* Design and construction of instrumentation for materials and structural 
component testing under a variety of extreme regimes. 

r* Development of innovative measurement techniques to be used, for 
example in surveying structures for signs of deterioration. 

* 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 likely to be in their thirties, have a degree in 
Physics or relevant Engineering discipline, considerable electronics ex-
perience and a proven record of success in the instrumentation field. 

For more information and an application form, please contact: 

The Personnel Manager (Ref RDB), Taylor Woodrow Construction 
Limited, 345 Ruislip Road, Southall, Middlesex. 

Tel: 01-575 4596/4286 , (1225) 

Construction 
TAYLOR   

WOODRO W  W ei 

Technical 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 
amount of travelling is involved and 
attendance at irregular hours will 
sometimes be necessary. 

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 

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 
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) 

£25,000? 
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. 
HUNDREDS OF OTHER ELECTRONICS 
AND COMPUTER VACANCIES TO' 

Phone—or write. £25 -000  
ANTHONY GILES, M.Sc., C. Eng., M.I.E.E. 

CLIVEDEN CONSULTANTS 
87 St Leonard's Road, Windsor, Barks 

Windsor (07535) 57816 

24-hour Ansaphone  prrsi 

CLIVEDEN 

INNER LONDON 
EDUCATION AUTHORITY 
Garnett College, Downshire 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 engineering 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 (rising to 
£7605-£8542 from 1-7-81) plus £424 Lon-
don Weighting. 
Application forms are available from and 
returnable to the college within 14 days of 
the appearance of this advertisement. (1205) 

TOP JOBS IN 
ELECTRONICS 

Posts in Computers : Medical, 
Comms, etc. ONC to Ph.D. Free 
service. 

Phone: 01-906 0251 —  - -
(8994) 

HOME AND 
OVERSEAS AGENTS/ 
DISTRIBUTORS 

Well-established co mpanies re-
quired for distribution of a com-
prehensive  range  of  Electronic 
Test Instru ments including: 
Oscilloscopes, Signal Generators, 
Multimeters 

Enquiries to Universal Engineers 
Consultants Ltd, 92 Preston Road, 
Wembley, Middx. Tel: 01-904 4265 

(1202) 

&  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 

ELECTRONICS TECHNICIANS 
Total involvement across the spectrum 

of advanced communications 
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 of technicians 
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 Cart 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 betaken 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 Technicians Certificate or Part I plus Mathematics B, 
Telecommunication Principles B, and either Radio Line Transmission B or 
Computers B; or an equivalent or highercualification. 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, RG211J8, or telephone Basingstoke (0256) 
68551 (answering service operates outside office hours). 
Please quote ref: T/5547/2. 

GCHQ 
in the heart of 
the Cotswolds 

(1228) 

ELECTRONICS  TECHNICIAN  re-
quired by Department of Pharma-
cology, 1./CL, to work in the Elec-
tronics Workshop. Duties would in-
clude the design, construction and 
maintenance of, a wide  range of 
sophisticated equipment used n 
teaching and research laboratories. 
Candidates should hold HNC or 
equivalent and have good know. 
ledge of electronics, including digi-
tal circuitry. Salary will be either 
Grade 5, £6,711 to £7666; or Grade 
6. £7,548 to £8,818 inclusive of Lon-
don Weighting, according to quau. 
fications and experience. ): Uni-

n, Appliea- tion form from Personnel Officer 

WGower St 
waereseihtynie,CaolltegSetaffLon FdEo  

WC1E 6BT.  (1211 

ARE YOU GOOD BUT GREEDY? 
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 E14,000. Herts. 
PROJECT LEADER for mpu 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 Engineers 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 AirEg AssociatEs 
4 Hammersmith Grove, London W6 ONA. Tel: 01-741 40.11  (12501 

DIGÍTAL EXPERIENCE? 
FIELD, SUPPORT AND 

PRODUCTION. VACANCIES IN 
COMPUTERS, NC, COMMS., 
MEDICAL, VIDEO, ETC. 

For free registration ring 
0453 883264 
01-290 0267 

X 
ELECTRONICS RECRUITMENT SERVICE 
LOGEX HOUSE, BURLE)GH, STROUD 
GLOUCESTERSHIRE GL5 2PW 
TEL. 0453 883264, 01-290 0267  (32Il 

www.americanr diohistorv.com 
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CENTRAL SERVICES DEPARTMENT 
OF THE SCOTTISH OFFICE 

Wireless Technicians 
(E5,300-£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 standard 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 Technician 

N 

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. 

(12211 f 

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 LTD. 
22/24 Bromells Road, London SW4 OBC! (1224) 

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-
U7824 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 Health Authority,,Benfield Road, Newcastle 
upon Tyne NE6 4PY. 
Closing date: 31 July 1981. 

(12031 

Piccadilly Radio require a 

'VIDEO' pp 
We, a progressive Broadcast TV facilities company, 
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 
LONDON NW8 

(1238) 

CAPITAL 
APPOINTMENTS LTD 

CAPITAL HOUSE 
29-30 WINDMILL 
STREET 
LONDON W1P 1HG 
TEL: 01-637 5551 

THE OK's No. 1 ELECTRONICS AGENCY 
Design, Dey, and Test to £10,000 

Ask for Brian Cornwell 

SALES to £1 2,000 plus car 
Ask for Maurice Wayne 

FIELD -BERVICE iof1O,000'plus car. 
Ask for Paul Wallis 

We have vacancies in ALL AREAS of the tile 

Telephone: 01-637 5551 (3 lines) (291) 

Noding Ode Tathre  C ertm. 

NOTTING DALE TECHNOLOGY CENTRE in West London, trains your; unemployed 
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 float• 
both co-operatives and small businesses, employing ex-trainees 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 teaching 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 appointed would have 
. some experience in both fields, and possibly also have been involved in teaching. A 
concern for the welfare of trainees and a willingness to take part of a collective 
responsibility for the running of the Centre would be essential. 
Salaries for both posts around £7,500. Please apply in writing enclosing full c.v. to: 

Reg Ellwood 
NOTTING DALE TECHNOLOGY CENTRE 
191 Freston Road, London W10 6TH 

112401 

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 I.L.R.2 and the company 

also runs a bonus scheme 
. . 

Apply: Phil Thompson 
Chief Engineer 
Piccadilly Radio 
P.O. Box 261, Manchester M60 1QU (1204) 

Exeter Health Care District 

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 
London NW10 7EH    
VI S NE WS   

(12291 

Basic Grade 
Electronics Engineer/ 

Physicist 
to join a team of graduates and technicians responsible for 
the overall management of elec tron ic 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 
association with the Audiological Service. Added to this are 
the benefits of living in a very pleasant area with excellent 
sailing facilities, etc. 
Starting salary £5,346-£5,958 p.a. according to qualifications 
and experience. 
Contact either Dr. D. James, ext. 2278 or Mr. J. Burgess, ext. 
2240 for further details. 

Application form and job description from Personnel Depart-
ment, Royal Devon and Exeter Hospital (Wonford), Barrack 
Road, Exeter. Tel. 77833, ext. 2188. 

(1230) 

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 well. 
If you would like to develop your potental in the 

exciting future of Europe's leading test equipment 
specialist, complete 
the coupon and send marconi it to us at the address 
below:- Instruments 
Return this coupon to John Prodger, Marconi Instruments Limited, 
Freepost, St. Albans, Hertfordshire, AL4 OBR.Telephone: St. Albans 59292 

A GEC-Marconi Electronics Company 

1.7 .a me   

Address 

Age   

Telephone Work/ Home (if convenient) 

Years of  El  E  El  El 
experience  0-1  1-3  3-6  Over 6 

Present  CI  El  III  El 
salary  £4000-  5000-  6000-  Over 

5000  6000  7000  7000 

El  El  El  E 

1......  C&G  HNC  liegree Qualifications  NonePresent Job   
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MOVE INTO MICROS WITH TOP BRITISH MANUFACTURER 

Classified 
C OURSES 

Telecommunications Engineer-
Offshore 
ARABIAN GULF 

BP wishes to recruit an experienced Tele-
communications Engineer on an overse as 
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-
stallation, 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 

BP 

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 on an unaccompanied 
basis. The working schedule is 29 days 
duty 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.1,to: 
Mrs. S.J. Bartholomeou, Central Recruitment, 
The British Petroleum Company Limited, 
Britannic House, Moor Lane, London EC2Y 9BU. 

weee, m:Ne:legeffente Mege Wrageah. 

ALWAYS AHEAD WITH 
THE BEST! 
£5,000-£15,000 
PDP 11: NOVA: ECLIPSE: Z80: 8080: 6800: BIT-SLICE: TTL: 
ECL: RADAR: SONAR: SATCOM: Phototypesetters: Wordpro-
cessors: Flight Simulators: ATE: Electro-Medical: Teletext: 
Data-Comms: Automation: Microwave? 

Where does your skill and interest lie — 
Design? Test? Service? Software? Consultancy? or perhaps Research? 

* Our clients are drawn from all sectors of industry: 
* There are opportunities for Managers, Project Managers, Engineers and Technicians. 
* Most UK locations and some Overseas. 
* Make your first call count — Contact MIKE GERNAT on 076 384 676/7 (usually until 8 p.m. 

ELECTRONIC CO MPUTER AND M ANAGE MENT APPOINT MENTS LI MITED 

148-150 High St., Barkway, Royston, Herts SG8 8EG. 

.4 0.dO keeteAneeeme. M.eimeteneeSgei*eagq.400.,aethei.,...., 

ENSEE ELECTRONICS 
Electronic equipment manufacturers. 
Low volume assembly and sheet metal 

specialists 

Bruce Grove 
Industrial Estate 

Wickford 
Tel: Wickford (03744) 4084 

112171 

SERVICES 

CIRCO LEC 
THE COMPLETE ELECTRONIC MANUFACTURING SERVICE 

Let us realise all or any part of your project fro m 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 required) London SVV17 8BR 

Telephone: 01-767 1 233 

NEVV! 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, Derbys 
(0629) 4929. Tlx. 378267 ECS G. 

(849) 

.1 ww.americ nradiohistor 

ELECTRONICS TECHNICIAN 
(SERVICING) 

£ 5-7.6K, OXFORD-BASED 

Research Machines is looking for an experienced 
electronics technician to join the small in-house 
team servicing our very successful and widely 
used microcomputers. 

With several thousands of our 380Z 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. 

Succesful candidates should have: 

III Experience of working with complex TTL 
logic boards; 

ONC, HNC, or A level qualifications, but 

good relevant experience would outweigh 
any lack of formal qualifications; 

O Initiative and a sense of responsibility; 

O Knowledge of microprocessors is not 
necessarily required, as long as you have a 
strong desire to acquire expertise in this 
field. 

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. 

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 
MICROCOMPUTER SYSTEMS 

RESEARCH MACHINES LTD 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) E7,644-£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 HQ 120/1/122. 
CLOSING DATE FOR APPLICATION 6th August 1981. U200: 

SERVICES 

ELECTRONIC  DESIGN  SERVICES. 
MICROPROCESSOR HARDWARE and 
SOFTWARE  design  facilities have 
now been added to our established 
expertise  and co mprehensive  test 
facilities  previously  available  to 
you for ANALOGUE and COMMUNI-
CATIONS  designs.  —  For fastest 
results please phone Mr. Anderson, 
Andertronics Ltd, Ridgeway, Hog's 
Back, Seale (nr. Farnham), Surrey. 
D2518-2639,  (225) 

DESIGN  SERVICE.  Electronic  De-
sign Development and  Production 
Service  available  in  Digital  and 
Analogue  Instruments, RF Trans-
mitters and Receivers for control of 
any function at any range. Tele-
metry,  Video  Transmitters  and 
Monitors, Motorised Pan  and Tilt 
Heads etc. Suppliers to the Industry 
for 16 years. Phone or write Mr. 
Feltner, R.C.S. Electronics, 6 Wol-
sey Road,  Ashford,  Middlesex. 
Phone Ashford 53661.  (8341 

NOT JUST a PCB assembly service 
specialising  in  large  boards, 
carrying upwards of 500 compon-
ents,  but  a broad  based  manu-
facturing facility that includes con-
trol  panel  fabrication  using  any 
combination  of. technologies  from 
"chips" and tnacs to relays and 
motor  contactors  (max.  110kW). 
Delivery throughout UK. Electronic 
Assistance Ltd, 492 Hitchin Road, 
Luton, Tel: Luton (0582) 20505. 

(1173 

BE A COLOUR 
T.V. ENGINEER 
T wo years' full-ti me Higher 
Diplo ma  Course  in  Electronics, 
Colour T.V. and V.C.R. Next course 
co m mences Septe mber 1981 and 
January 1982. 

Apply to: The Registrar 

REESWOOD COLLEGE 
299a EDGWARE ROAD 
LONDON W2 IBB  (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 IMOD), 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 E100. 
* Board Manufacture 
Prototype to semi-production. 
* Wiring & Assembly 
PCB assembly, wiring and cable forming. 
*Test 
Full test facilities available. 
*Copper Clad Board 
D/S fibreglass 1000 So inches of assorted 

, useful sizes. £6:00 inc. post. 

One or all services avail-
able, no order too small. 
Please telephone Chelms-
ford 357935 or write to 
H.C.R., 1 Bankside, off New 
Street, Chelmsford, Essex. 

(1169) 

PRINTED CIRCUIT 
BOARDS 

Manufactured, any quantity, competitive 
prices, roller tinned, photographic and 
artwork services available. 

MAYLAND PCB CO. LTD. 
4 The Drive 

Maylandsea, Chelmsford, Essex 
Tel: 0621 741560 

(9971 

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 Y015 30Y. Tel. 
(0262) 78788. 

(1168) 

SMALL  BATCH  PCR's  produced 
from  your  artwork.  Also  DIALS, 
PANELS,  LABELS.  Camera  work 
undertaken.  FAST TURNAROUND. 
—  Details: Winston Promotions, 9 
Hatton Place, London EC1N 8BV. 
Tel.  01-405 4127/0950.  (9794 

SHEET  METAL  WORK,  fine  or 
general  front  panels  chassis, 
covers, boxes, prototypes. 1 off or 
batch work, faSt turnround. 01-449 
2595. M. Gear Ltd., 179A Victoria 
Road, New Barnet, Herts.  (812 

DESIGN  AND  DEVELOPMENT. 
ANALOGUE.  DIGITAL, RF AND 
MICROWAVE  CIRCUIT  AND 
SYSTEM DESIGN. Also PCB design, 
mechanical design and prototype/ 
small batch production. —  Aden-
more Limited, Unit 103 Llscombe, 
Bracknell,  Berks.  Tel:  Brackbet 
52023.  (650 

TURN YOUR SURPLUS Capacitors, 
'transistors, etc, into cash. Contact 
COLES-HARDING & Co., 103 South 
Brink, Wisbech, Cambs. 0945-4188. 
Immediate settlement. We also wel-
come the opportunity to quote for 
complete factory clearance.  (9509 
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ARTICLES FOR SALE 

WIRELESS WORLD AUGUST 1981 Classified 
FIELD SERVICE 
ENGINEERS 
to £11,000 
Experience in minicomputers/peripherals. 
Ref: MS/13400 

VIDEO ENGINEERS/ 
TECHNICIANS 
to £11,000  N.W. London/ Middx 
Practical experience in video/broadcasting/TV/studio 
equipment. Ref: LE/9391 D 

CALIBRATION/REPAIR 
TECHNICIANS 
to £10,000  W. Germany 
Experience to cover Measurement/Calibration/Testing. 
Ref: LE/9477 11] 

TEST/CO MMISSIONING 
ENGINEERS 
to £7,000  W. Midlands 
Background in Testing of Digital or Logic Circuits. 
Ref: IL/8441 D 

National 

ID I am interested in other vacancies 

This is just a representative selection 
of the hundreds of career openings 
available through The Lansdowne 
Appointments Register. 
Complete the coupon, indicate your 
job preference by ticking the 
appropriate box(es) and return this 
advertisement to us. 

Name   

Address 

ww8/81 
Take advantage of our fast, effective, 
free and fully confidential 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). 

(1223) 

ARTICLES FOR SALE  

TO MANUFACTURERS, WHOLESALERS & 
BULK BUYERS ,ONLY 

Large quantities of Radio, T.V. and Electronic Compinents. 
RESISTORS CARBON & C/F 1/4. 1/4, 1/2. 'A. 1 Watt from 1 ohm to 
10 meg. 
RESISTORS WIRE WOUND. 11/2 , 2, 3 , 5, 10, 14, 2 5 Watt. 
-CAPACITORS. Silver mica, Polystyrene, Polyester, Disc Ceramics, 
Metalamite, C280, etc. 
Convergence Pots, Slider Pots, Electrolytic condensors, Can Types, 
'Axial, Radial, etc. 
Transformers, chokes, hopts, tuner's, speakers, cables, screened wires, 
connecting wires, screws, nuts, tr esistors, ICs, Dudes, etc., .etc. 

All at Knockout prices. Come and !clay us a visit. Telephone 445 2 7 1 3, 
445 0749. 

BROADFIELDS & MAYCO DISPOSALS 
21 Lodge Lane, N. Finehley, London, N.12. 5 miss. from Tally No Corner ,„,46 ,1. 

 • 

RACAL  COMMUNICATIONS  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. FIA98A 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 TF801D/1 TO 
EIS £85 to £150. 

MARCONI R.F. RADIATION & POWER METER. 
0A1430 (CT477), as new, in grey metal case with 
full manual, power meter FX range, 10mc/s to 
10gc/s, complete with X-S-L band aerials, £50. 

FERROGRAPH TAPE RECORDERS SERIES 4-5-6 
and 7 • Mono and stereo. Series 4 to £6 £10 to 
£20 ea. Series 7 £100 to £200 ea. Collected. 

EXTEL TRÀNSTEL MATRIX PRINTERS. 5 level 
Baudot Code. Accepts speeds up to 300 bauds. 
Supplied sat to 50 and 75 bauds switched. 
Tested with manual, £165. 

All items are bought direct from H.M. Govern-
ment, being surplus eqpt. Price is ex-works. 
S.A.E. all enquiries. Phone for appointment for 
demonstration of any item. JOHNS RADIO, 
WHITEHALL WORKS, 84 WHITEHALL ROAD, 
BIRKENSHAW, BRADFORD. TEL BRADFORD 
68400719.30 a.m.-1 p.m.).  (848) 

TEKTRONIX 465 dual trace oscine-
scoiie  DC-1100  Ithx,  5nrv-5V-Div. 
Full delayed sweep. £1,:100 ono. - 
?Rime B'r arknell  (0344)  5943e, 

(1245 

ADVANCE  CONSTANT  VOLTAGE 
TRANSFORMER  500W.  230v  19 
260v  input.  Type  M'T242XA,  £15. 
Wireless Worlds 19-48 to 1869 with 
Index. Almost complete, £40. Buyer 
collects. Tel:  Eastbourne 25371. 

(1210 

SCOPEX SD-215 oscilloscope, 25 mhz 
band width, dual beam, with two 
switched  XIX10  ,probes,  manual, 
unused and still in bov, £295 ono. 
- Tel: Mr Masterman. Day: We5-

bridge S7r2:82 est 351. Eve: 61-286 
8253.  (1244 

CAPACITORS 
Olmfd 250V Polyester m in ibox 3p. 
1 mfd 250V Polyester minibox 5p. 
1 mfd or 47mfd 35V tantalum bead 7p. 

DIODES 
IN 4002 21/2 p. IN 4148 11/2p. IN 5404 11p. 
Zeners any voltage 400MW 5p. 1W 7p. 

ICs 
CA741 16p. NE555 26p. LM380 5tip. LM 301 26p, 
CD4001 CD4011 16p. CD4017 52p. SN7400 to 
SN7440 9p. 

IC SOCKETS TI 
Gold 14 and 16.way 6p. Silver 24-way 16p. 

.TRANSISTORS 
BC182B, BC183B, BC184LB, BC212B, BC214LB, 
00557, 11591, 2N3704  SP 

BC107B, BC108, BC109, BC327, BC337, BCY70, 
2813906, 2N5550  9p 

BFX29, TIP30, TIP31A, TIP32A   

TIP41A, TIP42A, TIP110, TIP112, TIP115, TIP2955, 
TIP3055, 2013055  3)p 
BU208, MJ2501, MJ3001, 2N3772  f 1 .29 
C.W.O. Carriage paid. VAT extra 15%. 
Itemised invoice will be included with every con-
signment. . 

CRIMSON COMPONENTS LTD. 
Mercantile House, 99.101 St. Leonard's Road, 

Windsor, Berks. Tel. 07535 57340  111711 
\ 

NEW SURPLUS COMPONENTS. R's 
at 0.5p. C's, 1N4148 at 1p. BC182, 
BC209, BC212 at 2p. BSS15, BSS17 
at 5g.: Pots, Coils,  IC's, Presets, 
Xtals,  Zeners;  huge stocks. SAE 
list.  F:  B.  Stephen,  148  Grange 
Road,  Letchworth,  Herts.  (1209 

WAVEGUIDE, flanges ',and dishes. 
All standard sttes,and alloys in 
Stock. SPeCial 'stZes,,,-11) order. Call 
Earth Stations, '01228' 7876. 22/24 
Howie Street, London SW11 4AR. 

(1218 

2714e  (Sy)  £3.95.  4 for  £15.50. 
11.14148 125 fl. BC107/8/9 replace-
ments ,&p. MAT is included. P&P 
40p under £10. -  Mail order to 
Wessex Components, 17 Cripsteald 
Lane, Winchester. Phone Winchester 
(0962) 67046.  (1243 

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-
CUITS, by Z. H. Meiksin 

Price: £6.25 
EXPERIMENTER'S GUIDE TO 
SOLID STATE ELECTRONICS PRO-
JECTS, by A. W. Barber 

Price: £5.50 
COMPLETE GUIDE TO READING 
SCHEMATIC DIAGRAMS, by J. 
Douglas-Young  Price: £5.50 
PRACTICAL SOLID STATE CIR-
CUIT DESIGN, by J. E. Oleksy 

Price: £6.50 
WORLD RADIO/T.V. HANDBOOK, 
by J. M. Frost  Price: £10.50 
1981  THE RADIO  AMATEUR'S 
HANDBOOK, by A.R.R.L. 

Price: £8.00 

ALL PRICES 
INCLUDE POSTAGE 

THE MODERN BOOK CO. 
Specialist in Scientific 
& Technical Books 

19-21 PRAED STREET 
LONDON W2 1NP 

Phone 402-9176 
Closed Sat. I p.m. 

(8974) 

ENCAPSULATING, coils, transform-
ers,  components.  degassing,  sili-
cone  rubber,  resin,  epoxy.  Lost 
wax casting for brass,- bronze, sil-
ver, etc. Impregnating coils, trans-
formers,  components.  Vacuum 
equipment low cost, used and new. 
Also  for  CRT  regunning  met-
alibiing. Research & Development. 
Barratts,  Mayo  Road,  Croydon, 
ORO 2QP. 01-684 9917.  (9678 

MARCONI TF 115 B/Z, mint condi-
tion. Marconi 'IT 2011 late model. 
Also other test equipment. Phone 
' 9582-425721/414717.  (1220 

TELETEXT, TV SPARES &  TEST 
EQUIPMENT,  TELETEXT.  Latest 
external unit kit Inc.!. Texas XM11 
Decoder  6101VML  and  infra-red 
remote control £248, p/p £2.80 (fur-
ther details on request).- Also OKI 
external unit kit incl. Texas XM11 
decoder,  special 'offer price £168 
p/p  £2.60.  Both  kits  incl.  UHF 
modulator, and plug into TV Set 
aerial  socket.  SPECIAL  OFFER 
TEXAS  X1.111 Decoder,  new  and 
tested, limited quantity at ft price, 
£60 p/p £1.40. Stab, power supply 
(5v) for Teletext decoders, £5.80, 
p/p £1. Thorn design XbIll inter-
face  unit,  £1.80,  p/p  80p.  NEW 
SAW FILTER IF AMP PLUS TUNER 
(complete Sc' tested for sound tit 
vision),  £28.50,  p/p £1.  COLOUR 
BAR Sc CROSS HATCH GENERATOR 
KIT (MKS) PAL, UHF aerial input 
type,  3  vertical  colour  bars, 
R-Y, B-Y, grey scale, etc, P/B con-
trols £35. Batt holders £1.50 or stab. 
mains power supply kit £4.80, De-
luxe case £5.20 or alum. case £2.90, 
p/p £1.40. Built & tested in De-luxe 
ease (battery) £58 (mains) £70, p/p 
£1.60.  CROSS  HATCH  KIT  UHF 
aerial input type also gives peak 
white es black levels, batt. op. £11, 
p/p 45p. Add-on GREY SCALE KIT 
£2.90, p/p 35p. De-luxe case £5.20. 
UHF SIGNAL  STRENGTH METER 
KIT £17.50. Alum. case £1.80. De-
luxe case £5.20,  p/p  £1.40.  CRT 
TEST  & REACTIVATOR  KIT  for 
colour'Sc. mono £24.40, p/p £1.80. 
COLOUR PANELS, large selection of 
tested panels for popular makes 
(part-ex in shop). TV SOUND IF 
TRANSTD. Tested, £6,80, p/p 85p. 
BUSH SURPLUS IF PANELS. A816 
£1.80, TV312 (single I.C.) £5. Z718/ 
BC6100 £5. A823 (Ezp) £2.80, p/p 
85p. BUSH 161 series TB panel A,634 
£2.80, p/p £1.20. GEC Series 1 mono 
panels, £1.80, p/p £1.30. GEC 2040 
CDA panel £4.50, p/p £1.20. PHILIPS 
G6 S/S cony. panel £2.50, p/p £1.20. 
GEI Decoder panels for spares £1.80. 
p/p  £1.20.  G9 Signal panels for 
small  spares  £3.80,  p/p  £1.10. 
IltoRN 3500 Line TB panel £5, p/p 
fl. 3000 ex-rental panels IF. VIDEO. 
recoDER, £5, p/p £1.20. 8000/8500/ 
9000 Decoders  alvaged £7.50, p/p 
£1.60. 9000 Line TB (incl. LOPE) 
salv/spares  £7.50,  p/p  £1.60. 
VARICAP UHF TUNERS.  /dullard 
U321  £6.80.  ELC1043/06  £6.80. 
ELC1043/05 £5.50. G.I. £3.50. Salv. 
(asstd) £1.50, p/p sop. Varicap UHF/ 
VHF ELcaeoos £8.50. Bush (dual) 
£7.50, p/p 70p. TOUCH TUNE CON-
TROL units. Bush (6 pos) £4.50, p/p 
80p. VARICAP CONTROL UNITS 3 
pos. 11.20, 4 pos. £1.50, 5 pos. £1.80, 
4 pos. £1.80, 6 pos, special offer £1, 
p/p  45p.  UHF  transtd.  Tuners 
(rotary) incl. s/m drive £2.50, 4 
pos. P/B £2.50, e pos...  P/B £4.20 . 
p/p £1.20. (Special types available. 
details on  request).  DL50 Delay 
Line £2.50, p/p 50p. Large selection 
of LOPES, Triplers, Scancoils, Mains 
Droppers,  and  other  spares  for 
popular makes of colour and mono 
receivers. PLEASE ADD 15% VAT 
TO ALL PRICES. - MANOR SUP-
PLIES, 172 WEST END LANE, WEST 
HAMPSTEAD,  LONDON,  N.W.6. 
SHOP PREMISES. Tel, 01-794 8751, 
794  7346.  Easily  accessible  W. 
Hampstead Jubilee Tube & Brit. 
Rail N.  London  (Richmond-Broad 
St.) and St. Pancras-Bedford. Buses 
28,  159,  2. 13.  Callers welcome. 
Thousands of additional items not 
normally  advertised  available  at 
shop premises. Open daily all week 
incl. Saturday (Thursday half day). 
MAIL ORDER: 64 GOLDERS MANOR 
DRIVE,  LONDON  NW11  9HT. 
PLEASE  ADD  15% VAT  to  all 
prices.  (60 

IBM* MT 72 WORD PROCESSORS. 
Incorporating a golf ball I/O type-
writer and magnetic tape cassette 
memory rhisdule: Stop code search 
and edit functions, margin control, 
£375 plus VAT. Other ex-word pro-
cessor printers available. Autotype. 
Tel: Haywards Heath (0444) 414484. 

(1176 

LAB CLEARANCIE:  Signal  Gener-
ators;  Bridges;  Waveform, 
transistor  analysers:  calibrators: 
standards;  millivoltmeters:  dyna-
mometers;  KW  meters;  oscillo-
«epee recorders; Thermal, sweep, 
low distortion true RMS, audio FR, 
deviation. Tel. 040-3762.36.  (8210 

WEATHER  FACSIMILE  MACHINE. 
240  lines  per  minute.  9in  wide 
paper. All transistor type K401 £70. 

Erith \(03224) 37033.  (1208 

ARTICLES FOR SALE 

WRONG TIME? 
MSF CLOCK is ALWAYS CORRECT - 
never gains or loses, SELF SETTING at 
switch-on, 8 digits show Date, Hours, 
Minutes 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 parallel 
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  11206) 

INVERTERS 
High quality DC-AC. Also "no 
break" (2m5) static switch, 
19« rack. Auto Charger. 

COMPUTER POWER SYSTEMS 

Interpon  Mains-Store Ltd. 
POB 51, London W11 3OZ 
Tel: 01-727 7042 or 0225 310916 

Iglou 

HAVE YOU SEEN THE GREEN LIST? 
1000s of components (radio, audio, CB 
and electronic) and electronic items 
and accessories at unbelievably low 
prices, something for everyone. Send 
25p for list and receive FREE RECORD 
SPEED INDICATOR. 

MYERS (Dept. W. W.) 
14-16 Clifton Grove, Harehills, Leeds 9 

(1167) 

SOLARTION-SHLUISBERGEE. Synth 
558 signal generator type SSIU330, 
With modulator type MASO, £995. 
Hedin  environmental  oven,  -45 
deg C to +100 deg C, lain cube 
chamber, operate manual or auto-
matic,  £975.  Edwards  19in  evap 
with Degas control type 2, front 
£675. Tektronix 'scope 585 with 82 
plug-in unit (85 MHz), £245. 60-TV 
way ribbon cable,  £2.50 p/metre 
Tektronix  1A4  plug-in  unit  (50 
MHz four channel), £195. Marconi 
T714411/4S signal generator, £385. 
TF801D/SS signel generator 10 MHz-
485 MHz, £295. Post and packing 
extra,  plus  VAT  15  per  cent. 
Tel: March 56614, or 01-404 5811. 

(1182 

PRINTED  CIRCUITS.  Make  your 
own simply, cheaply and quickly! 
Golden kotolak Light Sensitive Lac-
quer - now greatly improved and 
very  much  faster,  Aerosol  cans 
with  full  instructions,  £2.25. 
Developer  35p.  Ferric  Chloride 
55p.  Clear  Acetate  sheet  for 
master 14p. Copper-clad Fibre-glass 
Board approx lrnm thick £1.75 sq. 
ft. Post/Packing 60. - White House 
Electronics,  Castle  Drive,  Praa 
Sands, Penzance, Cornwall.  (714 

PRE-PACKED  screws,  nuts, 
washers,  solder  tags,  studding. 
Send for juice list. AI Sales (WW), 
PO Box 402, London SW6 61,U. 

(1253 

BOX NOs. 
Box number replies should be 

addressed to: 
Box No   

c/o Wireless World 
Quadrant House 
The Quadrant 
Sutton 

Surrey SM2 5AS 

SWG 
8 to 29 
30 to 34 
35 lo 40 
41 le 43 
47 
48 lo 49 

THE SCIENTIFIC 
WIRE COMPANY 
P.o. Boa 30, London, E.4 

BIAMELLED COPPER WIRE 
1111 fiez. 4oz, 

2.76 1.50  .811 
3.20 1.88  .90 
3.40 2.00 1.10 
4.75 2.60 2.00 
8.37 5.32 3.19 
15.96 9.58 6.38 

2ez. 
.80 
.70 

1.42 
2.50 
3.69 

SILVER PLATED COPPER WIRE 
14 to 30  850 3.75 2.20 1.40 

TISSES COPPER WIFIE 
14 to 30  3.38 2.36 1.34  .90 
Prices Wade PIP, VAT sod Wire Dole 
SAE for Int, flulor enquiries welcome. 
Reg Mice: 22 ConIngsby Gardens. .190631 

COOPER SERIES ll 
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 upe 
with above £33. 
Send s.a.e. for details to: J. BILES ENGI-
NEERING, 120 Castle Lane, Solihull, 
West Midlands.  11242) s 

SURPLUS STOCK 
O mron Relays, Crouzet 
Ti ming Motors, Crouzet Micro 
Switches, Bulgin Lep and 
Panel La mpholders, Transfor-

mers - 

For details please write to or phone: 
Mr. P. Givens 

do R. G. MITCHELL LTD. 
HEATH ROAD, SKEGNESS, LINCS. 

TEL: 0754 67373 
111841 

GIVE RADIO LTD, 40/42 Portland 
Road, Worthing. Sussex. Tel: (0903) 
34397 for surplus, wholesale and 
retail. Marconi Atalanta ships com-
munication receivers. £45 to £120 
for callers, carriage by arrange-
ment. Test equipment and one oft 
items In stock, we are worth a 
visit, EC Wednesday. Limited quan-
tity of AIM Ss at £.55 each carriage 
paid. Model 7 Avometers £32 too. 
Some  Avometer  movements  in 
stock. WANTED. End lots and runs 
for shop and fail order. Test equip-
ment. Large or small lots of fac-
tory surplus. Re sets and systems. 

(1251 

VENTEK TRW DATA-.POINT 1100 
PROCESSOE;  two  Shuggart  disc 
drives, Qume terminal screen, com-
plete with Modert £1,850 plus VAT. 
AUTOTYPE. Haywards Heath (0444) 
414484.  1(1248 

4116-4 FULL. SPEC guaranteed.  8 
off £10. rrr Ascal keyboard £28, 
Case  £25.  S/H  disc  drive  £250. 
Inclusive prices.  C.W.O.,  Aleeess, 
Barclaycard.  -  Ground  Control, 
Ahlreda Avenue,  Hultbrldge, Essex. 
Southend (0702) 2303e24.  (1247 

OFFERS  INVITED  for  two  1Kw 
medium  wave  broadcast  trans-
mitters, manufactured by Pye type 
PTC3600 buyer to collect from site 
in the Isle of Man. Telephone 0624 
3277 Ext 14.  (1254 

DATA  pLEm  1200  PROCESSOR. 
Adler 1/0 upper/lower case printer 
attached  to  twin  magnetic  card 
module, £175 plus VAT. AUTOTYPE. 
Haywards Heath (0444) 414484. 

(1249 

APPTS WANTED 

DESIGN AND DEVELOPMENT CAP-
ABILITY.  Experienced  analogue 
and digital circuit designer seeks 
projects/work -  own  equipment. 
DC  to 50 MG111Z.  Areas include 
electronic music,  radio, TV  con-
trol,  microprocessor  hardware, 
optronics, etc. - P and P (Elec-
trical), 78 Mill Road, Hawley, Nr 
Dartford, Kent. Tel Dartford 73476. 

11244 

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 W W 8237 

(8237) 

PCB  ASSEMBLY  AND -ARTWORK 
DESIGN  service.  Prototypes  and 
batch quantities. - Pads Electrical 
Limited, 01-550 4516 or od-sse 5749. 
79 Avery Hill Road, New Eitham, 
London, 8E9 21132.  (79015 

BATCH PRODUCTION wiring and 
assembly to sample or drawings. 
McDeane Electricals LW, 19b Sta-
tion Parade, Ealing Common, Lon-
don W5, Tel: 01-992 8976. (169 

• 

•  

PCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high volume, single or double 
sided, we specialise in flow line assem-
bly of printed circuit boards. 

Using the Zevatron flow soldering 
system and on line lead cutting, we are 
able to deliver high quality assemblies 
on time, and competitively priced. Test 
facilities available. 

Find out how we can help you with your' 
production. Phone or write. We will be 
pleased to call on you and discuss your - 
requirements. 

TW ELECTRONICS LTD. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK 
TEL: 0284 3931 

Sub-contract assemblers and wirers to 
the Electronics Industry 

(90681 
• 

ELECTRONIC  DESIGN  SERVICE. 
Immediate  capacity  available for 
cireuit  design  and  development 
work, PC artWork, etc. Small batch 
and prototype production welcome. 
- E.P.D.S. Ltd., 93b King Street, 
MAIDSTONE, Kent. 0622-677916. 

(9467 

ARTICLES W ANTED. 

SPOT CASH 
paid for all forms of electronics equip-
ment and components. 

FRG General Supplies Ltd. 
Unit 3 

Longhill Industrial Estate 
March, Cambridgeshire 
Tel: March 56614 
Tel: 01-404 5011 

Telex: 24224. Quote Ref. 3165 
i8742) 

STORAGE SPACE is expensive, why 
atore redundant  and  obsolete 
equipment? For fast and efficient 
clearance of all test gear, power 
supplies, PC boards, components, 
etc.,  regardless  of  condition  or 
quantities. Call 01-771 9413.  (8209 

WE BUY FOR CASE: Components, 
PCBs etc. Good prices paid. Quick 
decision, money by return. Ring 
(0703)  785862.  (1172 

WANTED:  Hand  operated  bench 
coil winder, also LCR or inductance 
measuring bridge. Telephone 0243 
787360,  1(1215 

WANTED. 4 inch wide Dec or Lee 
type  magnetic  computer  tape. 
Offers  to W.  J. Warren  Burdett 
Neurological  Institute,  Stapleton, 
Bristol BS16 1QT, 0272 567444 Ext 
477.  (1216 

WANTED 
Test equipment, receivers, valves, transmit-, 
ters, components, cable and electronic 
scrap, any quantity. Prompt service and, 
cash. Member of A.R.R.A 

M & B RADIO 
86 Bishopegate Street 
Leeds LS1 488 
0532-35649 

EQUIPMENT WANTED 

TO ALL MANUFACTURERS 
AND WHOLESALERS 
IN THE ELECTRONIC 
RADIO AND TV 

FIELD 

BROADFIELDS & 
MAYCO DISPOSALS 

will pay you top prices for any large stocke d', 
surplus or redundant components which you, 
may wish to clear. We will call anywhere in'ç 
,the United Kingdom. 

21 LODGE LANE  • 
NORTH FINCHLEy LONDON N121409 
, litephone Nos. 01-445 0749/445 271 

After office hours 958 7624 9123 .,,, 

PHONE 

YOUR 

CLASSIFIEDS 

TO 
OPHELIA SMITH 

ON 

01-661 3033 
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COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey 
PDP 11/03 SYSTEM. Comprising BA11 MF box and psu; LSI 11 processor with 8kByte MXV 11 multifunction 
board with 32kByte memory; 2 serial interfaces, 2 X 2716 EPROM and real time  CAELUS model 2068 
Front loading 10 megabyte disc drive with one fixed and one removable platter (R(05 compatible); XYLOG-
ICS disc drive controller; LOGABAX LX180 printer and CIFER Model 224P intelligent VDU. All system 
components except VDU and disc drive unused prior to assembly by us  £4,750 
DEC SYSTEM 310. Incorporating PDP8/A processor (with M3516/7 options and 16kW), twin RX02 double 
density floppy disc drives, VT52 VDU (24 x 80, upper/lower case), LA180 printer (180 cps, matrix). Software 
includes DIBOL. System is 2-years-old and has been under DEC maintenance  £3,250 
DTC MICROFILE SYSTEM. Incorporating 8080 based processor with 56kByte memory, quad 8-inch disc 
drives (total 1.2 megabyte), LOGABAX LX180 printer, HAZELTINE 1400 VDU. All components BRAND NEW 
surplus  £1,850 
DTC MICROFILE PROCESSORS—see our other advertisement. 
DIABLO MODEL 1641 (SR terminal. Daisy wheel terminal with HyType II printer  £1,350 
LEAR SIEGLER Model 200 (SR high-speed printing terminal with keyboard). features bidirectional 9 x 5 
upper/lower case matrix printer with Baud rates switchable up to 9600 Baud. 132 col., 180 cps. Self 'test, 
facility  £525 
EXTEL ITRANSTEL). 80 col, portable printing (matrix) terminal. 110/150/300 Baud. Microprocessor controller 
with 2kByte internal RAM.  £275 
DATA DYNAMICS. Model 303 ASR terminal. Incorporating LA36 DECwriter printer with paper tape reader/ 
punch and keyboard. 300 Baud. Upper/lower case matrix printer.  £390 
TELETYPE Model ASR 33 with 20 rnA 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 
 £135 
TEXAS SILENT 700 (SR terminal. 30 cps dot matrix terminal using thermal paper. With 20 rnA current loop 
interface  £175 
SPERRY-REMINGTON Word Processor. Incorporating IBM I/O typewriter with twin magnetic card stations. 
Operating stand-alone; or suitable for conversion to on-line use. Fully refurbished from  £175 
LOGABAX LX180L matrix printer. 180 cps with.serial (V24 to 96008) and parallel interfaces. These printers 
are 080 microprocessor controlled with all firmware in 2708 EPROMs. All opt.ons, which include a self test 

R H1 4PA. Tel: Godstone (0883) 843221 
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 Model 4000 belt printer. 65 Iprn. Parallel UL interface. Manufactured 1980  £175 
DIABLO SERIES 30 DISC DRIVES. These are offered fully refurbished and may be viewed operating online at 
our premises prior to purchase. 2.5 megabyte removable cartridge version is directly compatible with the 
DEC RK05 drive for PDP/LSI 11   
As previous item, but with cartridge removable by engineer rather than operator  £425 
IOMEC Model 3404 disc drive. 10 megabyte capacity with 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 
drives. BRAND NEW in original boxes  £550 
WANGCO Model T 1222 disc drives. With one fixed and one top loading platter of 6 megabyte capacity total. 
2500 rpm, industry standard interface  £450 
STOCK CONTROL INTERNATIONAL Model 744 digital cassette unit. Designed to connect between a termi-
nal and processor giving ASR capability to a (SR terminal. 256kByte capacity on Philips type cassette. £100 
DEC Model CR11 card reader  £350 
DATEK Model 40 Paper Tape Reader. Solenoid operated finger type. 40 cps. BRAND NEW  £25 
FACIT Model 4070 High-Speed paper tape punch with parallel TTL interface. Complete with all spooling 
covers and chad box, etc, and in excellent condition  £350 
PERTEC 8000 SERIES SPARES: Tape Control CI, Servo PSU A. These cards BRAND NEW availa4le at one-
third manufacturer's lowest price. 

Please note: 
* VAT and carriage extra all items. 
* Visitors welcome, but by appointment please. 
* We are keen to bid competitively for all good used equipment. 
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INTRODUCING THE NEW "READY TO GO"  SOLDERING IRON 
WITH BUILT-IN FINGER PROTECTION  FROM 

• 

Models XS-BP (25 watt) and CS-BP (17 watt) have moulded-on safety plugs, 'unbreakable' handles 
and detachable hooks-cum-finger-protectors. 

High class insulation by ceramic shaft, negligible leakage. 
Long life iron and nickel plated bits, easily interchanged, slide on or off stainless steel shafts 

which enclose the heating elements for maximum efficiency of heat transfer. 
Both models available for 240v, 115v, 24v or 12 volt. R.S.P. £5.30 plus V.A.T. 

ANTEX LIMITED, Mayflower House, Plymouth, Devon PL1 1BR. Telephone: (0752) 667377. 
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SINGLE-ENDED 

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 T 
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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 

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 

N EX-STOCK DELIVERY 
Ill 5 STANDARD LENGTHS 

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

STRAIN RELIEF 
II LINE BY LINE PROBEABILITY 

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

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. 

O M!ADVENTURES  
ON THE IC'S 

A SPECIAL £6 OFF OFFER 

emP.-211,, 

EBBO DISCRETE 
STARTER PACK 
Normal Price 
£6.67. 

ADVENTURES 
WITH ELECTRONICS 

Normal Price 
£2.30. 

ALL 
COMPONENTS 

TO 
BUILD ALL 
16 PROJECTS 

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. 

 sv&  
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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 NE W AP TEST-CLIPS TO PICK 
FROM 
examples: TC 14  923695  £2.76 

TC 16  923700  £2.91 
TC 24  923714  £3.50 
TC 40  923722  £12.88 

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 1..„. All prices shown are recommended retail incl. VAT 

In difficulty send direct, plus 50p P & P. 
Send S.A.E. for a free copy of colour catalogues 
detailing our complete range. 

AP PRODUCTS, PO BOX 19, SAFFRON WALDEN, ESSEX, (0799) 22036 
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